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Chapter 1

SODIUM COOLED FAST NEUTRON REACTORS

INTRODUCTION

The research and development work at S.C.K./C.E.N. in the area of fast neutron reactors is part of a larger effort within the
DcBeNe association between Germany and the Netherlands. The DeBeNe itself has entered in 1977 into an extensive
co-operative agreement with the French-Italian association, creating in this way a broad international framework in Europe
for the development of fast neutron reactors.

In order to gain the proper perspective for the national effort and particularly the S.C.K./C.E.N. involvement, it is useful to
mention briefly the main developments within the DeBeNe and within the larger European co-operation.

The SNR-300 demonstration project is progressing at a rate which is mainly dictated by the deliveries of the successive partial
construction permits by the State of North-Rhine-Westphalia where the Kalkar site is situated. The construction of buildings
was almost completed by the end of 1981 and the plant has been connected to the power grid for its own load requirements.

The main internal systems have to wait for the fifth partial construction permit, which is the main outstanding one irA will
be decisive for the time by which the plant is completed.

Operation of the plant will depend on a vote by Parliament. In the course of May 1981 a new parliamentary
"Enquete-Kommission" has been appointed and given the task to report on the safety issue and to make recommendations.

Meanwhile, in France, Superphenix is in an advanced stage of construction with the reactor vessel already in place. Criticality
is planned for early 1984, allowing industrial operation around the end of 1984.

As the demonstration plants are nearing completion, more attention is being directed towards the fuel cycle and design
improvements aimed at improving plant operation and its economics.

Special attention is given to safety experiments and improved calculational methods. Safety calculations use, as they should,
pessimistic and conservative approaches in the case of phenomena for which experimental evidence is incomplete. Safety
experiments, therefore, are aimed at a better understanding of the events and at - more realistic approach of the safety features.
In general, they are not intended to improve the safety of sodium cooled fast neutron reactors, as these satisfy already the
highest requirements, but rather try to improve the effectiveness of the safety assessment.

Simplifying, one could state that the primary research goals for the construction and operation of sodium cooled fast neutron
reactors have been attained. Research in this area has to take this into account and should aim at making the fast neutron
breeder an economically more attractive option. As reported hereafter, the activities of S.C.K./C.E.N. in this area are
concentrated on the following general subject groups :

- 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

S.C.K./C.E.N. and Belgonucleaire continued their joint activities on the development and fabrication of mixed oxide fuel
elements for fast reactors within the framework of the DeBeNe SNR project and the collaboration with CEA in France.

Belgonucleaire applies now successfully a simplified fabrication process based on the use of free-flowing UO2 powders
for fabricating low density pellets for the first core of the SNR 300 reactor. Belgonucleaire has also concluded a licence
agreement to apply the French fabrication technique for making high density pellets.

Both processes allow the industry to produce the fuel for the present cores of fast reactors, but an evolution in the isotopic
composition of the plutonium and in the solubility criterion justifies the development of a new fabrication. This new
process aims at easing remote operations and reducing the occupational radiation exposure resulting from deposition of
dust and aerosols, which cannot be avoided when dry methods are applied. This long term development work is orier zd
towards a wet process, based on the CO-conversion of (U,Pu) mixed nitrates and external GElation, followed by
PELIetizing of the resulting kernels (COGEPEL process). This method has been chosen in view of better quality of the
fuel, personnel safety, proliferation resistance, environmental aspects and economic considerations.
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Though good results had been obtained with UO2 kernels fabricated according to a SN AM-or an EG U-like process, only
the EGU-like process has been further investigated. Its main advantages are absence of any inflammable ingredient and
the very low thickener concentration. The original KFA recipe has been modified in order to make it compatible with the
characteristics of plutonium nitrate solutions and to increase the deformability of the calcined kernels to such an extent
that they can be pressed and then sintered in high density pellets.

The major objective for 1981 was to be able to dry kernels with a stream of warm gas without destroying their deformability
and sinterability.

This goal has been reached on uranium and mixed uranium-plutonium kernels.

Calcination and reduction steps are also being investigated in a small laboratory batch furnace.

General development work has led to the development of an X-ray fluorescence method for determining the Pu/U + Pu
ratio in FBR pellets. The method is as accurate as the chemical analysis, but faster and more reproducible because it is
much less sensitive to the presence of impurities. Some methods have also been successfully tested for free acid
determinations on uranium, plutonium and mixed uranium-plutonium solutions.

Work for the mixed oxide fuel irradiation programme was devoted to post-irradiation examinations on fuel of the
RAPSODIE II, K.NK 11, DFR 455 experiments and preparation of parametric experiments (CFC 06, CFC 08, POUSSIX
and FARFADET).

1.1.1. FUEL FABRICATION STUDIES
(A.J. Flipot, R. Gilissen, A. Smolders, J. Sieurs, H. Pauwels*)

• Belgonucleaire

The Cogepel programme deals with the development of a new fuel fabrication route based on the use of coprecipitated
(U,Pu)O\ kernels. The method has been chosen in view of better fuel quality, personnel safety, proliferation resistance,
environmental aspects and economic considerations.

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.).

1.1.1.1. Experiments with U bearing friterials

Only the EGU-like process has been further investigated with U bearing materials as it has some potential advantages
over the SNAM route and the first results were encouraging.

This Cogepel-EGU method is based on the KFA-EGU gel-precipitation process for the production of UO2 kernels used
in the fabrication of HTR fuel. The original KFA recipe has been modified in order to make it compatible with the
characteristics of plutonium nitrate solutions and to increase the deformability of the calcined kernels to such an extent
that they can be pressed to good pellets. One of the advantages of the EGU feed solution is the total absence of any
inflammable ingredient and the very low thickener concentration which is negligible as compared to a feed composition
of the SNAM type.

- The method has been used succesfully and sintered pellets fabricated from air-dried microspheres exceed 95 % T.D.
routinely.

- From the results of the laboratory scale gelation test programme the following conclusions could be formulated.

1) The urea concentration in the feed solution has no effect provided a minimum value is exceeded; under this threshold,
an excessive amount of uranium is lost to the gelation and washing liquors. Substitution of urea by formamidedoes
not seem to improve the process.

2) Also the ammonium nitrate can be varied within a wide range without affecting the final pellet density, provided
a threshold value is exceeded. The ADU (Ammonium Di-Uranate) gel-precipitate formed at lower ammonium
nitrate concentrations tends to shrink irregularly during the drying step.

3) A variation of the concentration of the other feed ingredients within their practical range does not influence the final
pellet density or the successful performance of the individual process steps, which gives a large flexibility to the
process.

4) The standard thickener has to be replaced by a thickener which is less sensitive to high electrolyte concentrations.

5) The experiments showed that the aging step is an essential process step: if it is skipped, the final pellet density
decreases to 80-85 % T.D.

Since in a Cogepel feed, a high heavy metal concentration is combined with a relatively low acidity, the stock solutions
of uranyl nitrate and plutonium nitrate supplied by the reprocessing plant have to be somewhat concentrated, but the
resulting high nitric content has to be decreased by chemical denitration or neutralisation of the excess nitric acid.

- An industrial belt drier has still been simulated by spreading monolayers of spheres on sieves and blowing hot air over
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them. The drying temperature and heating rate have been varied as far as allowed by the limited experimental means,
but apparently these parameters have only a minimal effect on the product quality. According to these experiments,
the Cogepel-EGU material should normally withstand drying in an industrial equipment. Other drying techniques
(water extraction with methanol, microwaves, vacuum drying, freeze drying) have also been tested : although they yield
a product of acceptable quality, they did not provide an incentive for replacing the standard drying method by one
of these alternative techniques.

The reproducibility of the density of the pellets is acceptable but the other characteristics have not been investigated yet.

Some experiments of the Cogepel-EGU-(0.7 U, 0.3 Th)Oi type have been carried out in which thorium would act as a
chemical stand-in for plutonium. (U,Th)O2 pellets of 93 % T.D. have been produced.

1.1.1.2. Experiments with U-Pu bearing materials

Experiments carried out last year had shown that (U,Pu)O2 high density pellets could be obtained with a SNAM-like
method if the kernels were azeotropically dried.

This potential route has therefore been studied using 100 g material batches in order to simulate a small production. These
runs have confirmed that deformable and high sinterable mixed kernels can be obtained by this process, but have also
shown that the only available calcination furnace did not allow to calcine uniformly more than 50-70 g material batches
and that azeotropic drying gave practical problems.

In the meantime, the EGU-like process has been investigated with U-Pu materials while trying to dry the mixed kernels
just by blowing warm air.
This technique provided good results on U bearing materials, but produced much harder U-Pu kernels than by azeotropic
drying. Therefore U-Pu kernels must be aged more intensively than U-bearing materials to be pelletizable. This can be
reached by acting upon time, temperature and ammonia concentration of the aging bath. Of course, none of these
parameters can be increased without limits. On the one hand, the time should not be too long for capacity reasons, but
on the other the maximum admissible pressure limits the temperature and the ammonia concentration. It has already been
demonstrated that good results have been achieved in acceptable conditions, but further parametric study continues.
Adapted aging conditions are essential for the EGU-like process as well as for the SNAM-like process.

The calcination and reduction steps have also been further investigated with the aid of a thermobalance equipped with
D.T.A. Though only partial results are available at this moment, it has been found that the most vulnerable step which
can give rise to heterogeneous material is apparently reoxidation after reduction. The degree of reoxidation depends on
the specific area.
Humidifying the gas atmosphere at the end of the reduction step before gradual introduction of air does not give sufficient
protection against excessive reoxidation if very reactive powders are treated. Heavy reoxidation can then lead to a local
formation of VyOs, which gives rise to a heterogeneous sintered pellet microstructure.

1.1.1.3. Fuel characterization
(P. Dicls, R. Lecocq, F. Luyckx)

- The method developed for the determination of the Pu/U + Pu ratio in FBRfuel pellets by XRFA (X-ray Fluorescence
Analysis) is applied in routine. The following merits can be attributed to this technique:

- Its accuracy is comparable with that obtained from chemical analysis, its reproducibility being much less sensitive to
the presence of impurities.

- The standard tablets offer an excellent stability with respect to the measurement of the intensity ratio. A deviation of
only 0.1 % rel (lc) has been observed in a ten-month period. The lifetime of the standard tablets with respect to their
deterioration resulting from radiolysis of the binder material, amounts to about 10 months.

- The method is rapid and needs no skilled personnel as tablet preparation requires no special care.
- Waste production is reduced to a minimum as only a small (0.2 g) sample is required. Moreover, it was shown that the

binder material can be removed by combustion.

- Numerous free acid determinations carried out on U, Pu and (U,Pu) solutions have led to the development of the
following methods:

a) U solutions: a method using ammonium sulphate as complexing agent has been tested. It was shown that its
applicability covers the complete H+ and U concentration range.

b) Pu solutions : two methods, using ammonium sulphate and oxalate as complexing agents, respectively, have been
tested. The results of these methods are in good agreement. Their applicability is limited to free acid concentrations
of about 1.5 N at a Pu concentration of about 370 g/1 for Pu solutions.

c) (U,Pu) solutions: the same method can be applied with free acid concentrations of 0.7 N at a total metal
concentration of about 370 g/1. At metal concentrations of about 400 g/l, these methods begin to show diverging
results. Preference is given to the oxalate method since it is faster.
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1.1.1.4. Development of resistance welding
(J. Sleurs)

Only minor design changes were made to one resistance welding machine:

- the movable welding head of the M3 (non contaminated) welding machine was provided with a grease-chamber to
improve its gliding;

- the current leads between the transformer and the tube collet were simplified in order to improve visibility and to obtain
better access to the welding area.

The reliability of the resistance welding technique was illustrated by the following actions:

- following a succesful qualification run on eight different alloys, 22 fuel pins have been fabricated for the CFC 06-08
experiments;

- about 200 pressurized capsules (195 bar) of different diameters were made for the ferritic steel programme;
- about 10 capsules filled with clay samples and a predetermined filling gas were prepared for the determination of the

irra_djation behaviour of clay.

The possibility of producing relatively easily pressurized capsules has led to an order of about 100 additional PFR-M2
welds.

1.1.2. MIXED OXIDE FUEL IRRADIATIONS
(A. Delbrassine, G. Blondeel, J. Vandevelde, A. Gys, C. Van Loon, J. Ketels)

1.1.2.1. Fuel bundle experiments

1.1.2.1.1. RAPSODIE II experiment

All pins from the RAPSODIE II experiment, a fuel bundle containing 19 pins with the SNR Mk II characteristics except
for the spiral wires, were non-destructively examined in LDAC laboratory in Cadarache. The irradiation behaviour up
to 9.8 at.% burn-up is very satisfactory; the observations made on the M 151 pin from the "monitor" ofthat experiment
are confirmed.

The post-irradiation examination programme on the first monitor rod M 151 has been completed, with the exception of
the swelling measurements on the cladding material and on the spacer wire samples which had to be delayed. A report
will be drafted during the examination of the other monitor and assembly pins, planned for 1982.

1.1.2.1.2. KNK II-fuel pins (1033)

A bundle fabricated by BN for the KNK II reactor failed after a rather short residence time in the reactor. It has to be
kept in mind that, during that start-up period the reactor ran very un-smoothly and that troubles occurred because of
entrapment of cover gas which eventually flowed through the core. In the hot cells in Karlsruhe, the bundle was dismantled.
One failed pin with an annular crack was found. Further non-destructive examination by eddy-current allowed the
selection of several other pins which will be examined in the hot cells in Mol. The transportation of the pins occurred at
the end of the year. A complete post-irradiation examination by LHMA is planned to be finished in 1982.

1.1.2.1.3. DFR 455 fuel pin bundle experiment

The post-irradiation examination programme of this experiment has been described in the previous annual report (1980).
In 1981 some complementary mechanical examinations have been made mainly to control residual ductility. The results
have been compiled in a technical S.C.K./C.E.N.-BN report which is now being prepared. The failure mechanism of the
seven BN fuel pins can be commented with regard to the time of failure and its mechanism. It has been definitively
demonstrated that the BN pins failed after their irradiation period, most likely during their storage (4 to 5 years) in stainless
steel tubes under air atmosphere. The action of a corrosive reagent (NaK hydroxide) at the elevated temperatures during
storage have led to a severe intergranular corrosion in the outer region of the clad wall, particularly in the central zone
of the fuel pins.

Some questions remain e.g. the observed relative high residual ductility of the cladding despite the observed precipitation
and the origin of the tension in the clad responsible for stress corrosion cracking.

Possible sources of stress might be fuel cladding mechanical interaction in cold state and micro-stresses at the grain
boundaries induced by the chemical processes occurring during the corrosion and producing chemical species with lower
density.

1.1.2.1.4. MOL 7D experiment

For reactor physics studies, a small post-irradiation programme has been carried out (See par. 1.3.3.2.).
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1.1.2.2. Parametric irradiation experiments

1.1.2.2.1. CFC 06 and 08 experiments

The CFC 06 and CFC 08 irradiation rigs for the comparison of the chemical fuel-cladding interaction of various advanced
cladding materials were mounted in the Technology and Energy department in October.

Eight different alloys are considered, the nickel content of which ranges between 0 and 45 at.% and the chromium content
between 12 and 20%.
The doping elements are cesium and tellurium as a previous experiment (CFC 01) had shown the same corrosion picture
as observed in real fuel rods. One pin (Fl) was doped with I2 in order to observe the possible iodine contribution to the
corrosion phenomenon. The pin E8 contains only cesium and T!iO2 blanket pellets in order to confirm results of the CFC
01 experiment.

The examined alloys are:

For CFC 06: WN 1.4970 (with Csl extra-doping)
DT2203Y005 (dispersion-strengthened ferritic steel)
Inconel 706 (40 % Ni-16 % Cr)
DT 2906 (dispersion-strengthened ferritic steel)
WN 1.4876 (Incoloy 800)

For CFC 08 : PE 16 (45 % Ni-16 % Cr)
WN 1.4970 (taken as reference)
WN 1.4970 (with ThO2 blanket and without Te doping)
WN 1.4864 (32% Ni-16 % Cr)
WN 1.4980 (26 % Ni -16 % Cr)

Most of these tubes were fabricated or their dimensions adjusted in the Metallurgy department.

The CFC 06 device was loaded in the P41 channel of the BR2 reactor in November 1981. During the first ten days of the
cycle 8/81, the power of the central pin was stabilized at 400 W/cm and the inner clad temperature at 625°C. After that,
the linear power reached 420 W/cm without changing the clad temperature because of the swelling of the copper cross.

The cycle ended on 19th December after 21 irradiation days. The-iig is now in the BR2 and the irradiation is foreseen
to be concluded before the end of February.

The CFC 08 rig will be loaded in the 2/82 BR2 cycle and unloaded two months later after about 50 irradiation days (May
1982).

1.1.2.2.2. POUSSIX and FARFADET experiments

The design and the irradiation conditions of two other parametric experiments were finalized: POUSSIX and
FARFADET. The first will be carried out in PHENIX to compare the influences of the smeared density and the gap in
the fuel pin on its high burn-up behaviour; the second will follow the behaviour of the pin at the beginning of life and
will be irradiated in BR2.

1.2. MATERIALS
(J.J. Huet)

The mechanical testing carried out for some years on several compositions of oxide dispersion-strengthened ferritic (O DS)
steels leads to the selection of two types : one DT2906 with titania addition, the second DT2203Y05 with yttria addition;
the latter was selected for non-nuclear applications.

The strengthening mechanism was further studied; although no clear conclusion could be drawn up to now, some trends
could be seen in the evolution of properties as a function of a few parameters. It was also possible to select a cheaper iron
powder for the preparation of the alloy. Pilot scale preparation of powders made in an industrial plant gave at least equal
or even better results than those obtained with laboratory scale prepared powder. On the other hand, poor results were
obtained with alloys prepared from pre-alloyed powders.

The irradiation programme was actively continued. An irradiation of about ten pins clad with O.D.S. ferritic steels
scattered in a standard PH ENIX fuel assembly was decided. The canning tubes were fabricated and controlled. In parallel,
during discussions about the irradiation of two full bundles in the PHENIX reactor, the respective responsibilities of
industry and S.C.K../C.E.N. were defined. Tubes and pressurized capsules were made for an irradiation in the KNK II
reactor. Also, a rig containing impact specimens of O.D.S. and commercial ferritic steels was made and loaded in BR2;
the irradiation began in November 1981.
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A few irradiated samples could be examined. The "CARAFE" rig containing three pins clad with O.D.S. ferritic alloys,
was visually examined after three irradiation cycles in RAPSOD1E; no visible elTect could be seen. The capsule was rebuilt
and reloaded in the reactor.

Measurements on filling pieces of the capsules at a dose of 55 dpaF confirm a slight thickness decrease. Finally, a TEM
examination of samples having received a dose of about 60 dpaF did not show any irradiation induced void. A few
precipitates appear in the a matrix, but no visible change occurs in the -/-phase. The PROPHETE irradiation ended; two
pins with 4970 cladding at a dose of 120 dpaF will be sent to Mol and will be examined in 1982.

1.2.1. TUBE FABRICATION
(L. De Wilde, J. Gedopt)

The powder beating in a vibratory ball mill resulted in a substantial higher hardness of extruded tubes as compared to
"cake-pan" milling; this caused transverse surface cracks and galling appearing during the first drawing passes.
Transmission electron microscopy revealed a smaller subgrain structure for the alloy prepared in the vibratory mill;
furthermore, the oxide particles distribution is finer.

The former observation applies to powder mixtures prepared from carbonyl iron; substitution of the carbonyl iron resulted
in a decreased hardness after extrusion and a drawability similar to that of carbonyl iron based alloys prepared in the
cake-pan mill.

The same iron powder has been processed at U.E.H. for the preparation of two batches of DT2203Y005 powder mixtures
in a vibratory mill of higher capacity than at S.C.K./C.E.N. These powders have been extruded into hollows showing
identical hardness as the same alloys prepared at S.C.K./C.E.N. Several tube batches made from these powders do not
show any detrimental effect of scaling up vibratory ball beating to pilot quantities.

In order to optimize the pilot-scale fabrication of ferritic steel tubes, drawing experiments with different lubricants have
been continued. Up to now, it can be concluded that none of the commercial oil lubricants supplied by different dealers
is completely suited for the whole cold drawing process. In addition, the combination of salt coating with oil lubrication
yields no or unsatisfactory improvement in galling problems. Salt coating combined with a dry soap remains the best
drawing lubricant and it is furthermore the easiest to remove. The quality of the salt coating is of prime importance for
an adequate soap lubrication. Coatings precipitated from solutions with varying salt concentrations have been compared
and the optimum lubrication has been obtained with salt coatings which form a continuous and finely crystallized layer.

The new induction furnace has been calibrated for different diameters of tubes to be treated; it will now be used for all
intermediate annealing treatments. The furnace allows a zone annealing at a constant speed resulting in a fully
recrystallized fine grained structure for DT2203Y005 as well as for DT2906 alloys. Previous annealing in a resistance
furnace inevitably yielded a much coarser structure for DT2906. Reproducibility of the zone annealing has been checked
on tubes separately annealed after the first and the second series of cold drawing passes with a total cold work of about
55 %: no difference in microstructure has been observed which indicates a good reliability of the induction annealing.

Two grades of dispersion-strengthened ferritic steel have been selected for the "COUCOU IV" experiment i.e.
DT2203 Y005 and DT2906. Powder preparation has been performed by U.E.H.; subsequent tube fabrication and control
is going on at S.C.K./C.E.N. Chemical analysis on different extruded DT2203Y005 tubes revealed a very reproducible
composition obtained in the U.E.H milling equipment. DT2203 Y005 and DT2906 tubes have been extruded. Further cold
drawing of the DT2203Y005 tubes to final dimensions has been finished following an optimized drawing scheme.

Tube drawing of the DT2906 alloys, eddy current and ultrasonic testing after final annealing and final ultrasonic control
after ageing are in progress.

1.2.2. EVALUATION OF ULTRASONIC TESTING AND EFFECT OF NATURAL DEFECTS ON CREEP
PROPERTIES
(J. Gedopt)

In non-destructive testing of cladding tubes with ultrasonics, amplitudes equal or higher than 50 % of the amplitude of
reference defects (longitudinal and transversal) corresponding to a depth of 10% of the wall thickness are taken as
reference. Tubes showing defects with a signal have to be rejected.

In order to evaluate the ultrasonic testing technique, a number of natural defects have been localized and measurer! by
microscopy and/or replica techniques. The correlation between the amplitude of the ultrasonic signal and the measured
depth of the defect is quite good for defects up to 10 % of the wall thickness (45 tzm). The signals of larger defects are
generally smaller than expected from extrapolation of the signal of the reference defect.

In order to determine the influence of natural defects on the mechanical properties of the tubes, eighteen samples with
characterized defects have been subjected to axial or biaxial creep tests at 700°C and a stress of 80 MPa. For axial creep
tests, no correlation between the depth of defects and rupture life could be detected. It is important to notice that none
of the specimens ruptured on a defect; the total elongation consistently remains at a 30 % level.

Biaxial creep testing on specimens containing defects of up to 20 % of the wall thickness did not reveal a considerable
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effect on the rupture life. Only one specimen ruptured on the defect. Some other defects slightly propagated due to the
plastic deformation of the specimen, but did not influence the creep properties.

It can be concluded that the ultrasonic testing procedure is fully acceptable and the imposed specifications procure a large
safety factor concerning the mechanical properties of cladding tubes.

1.2.3. MECHANICAL PROPERTIES
(VV. Vandermculen, W. Hendrix)

Two alloys have now been selected for further testing. These are DT2203 Y005 and DT2906 with additions of Y2O3 and
TiO2, respectively. All are tested in 15 min/1050°C + 1 d/800°C heat treatment conditions. Tests have shown that the
axial and bi-axial creep properties of alloys DT3911 and DT3308 were not significantly different from those of DT2906.
There is thus no strong incentive to chose either of these on the basis of mechanical properties. Grain size has no noticeable
influence on tensile strength and axial creep properties. But for bi-axial creep tests at 600°C the rupture time may be four
times shorter and the creep rate ten times faster for the fine grain material. The grain size tested was about 25 x 75 |j.m for
the coarse grains and 13 x 22 ̂ .m for the fine ones; it can also be noticed that in the case of the fine grain material, almost
all the -/-phase was precipitated on the grain boundaries. The reason may be related to the orientation of the planes with
maximum shear stresses relative to the axis of the elongated grains.

DT2203Y005 material prepared from laboratory scale beaten powders and from pilot-scale powders produced by U.E.H.
were compared. Tensile properties, axial and bi-axial creep properties are nearly the same; all the results mostly fall in
the same scatter band.

It has to be noticed that in the case of DT2906, the stress versus time-to-rupture curves coincide for both axial and bi-axial
tests. It was previously found that for alloy DT3911, bi-axial tests fall below the axial one, according to the von Mises
criterion

Ocq = Oaxial = 0.86<Jhoop

The reason why it is not the case for alloy DT2906 is not known.

1.2.4. CHEMICAL STABILITY OF THE ALLOYS
(K. Myada*)

* Trainee

Alloys with increasing carbon additions have been studied in order to evaluate the effect of carbon on the properties.
Tensile tests have been carried out at 700°C on solution annealed and aged specimens (2 days at 850° or 800°C and 20
days at 700°C). In general, carbon addition does not affect the U.T.S.; the yield strength slightly increases but the ductility
decreases. The slight differences observed in the tensile strength, could be related to the variation of the titanium content.

The number and size distribution of the -/-phase particles in three-dimensional space have been calculated from
measurements in a random plane using the Bockstiegel method (1). This method is based on the chord length distribution
in a plane. The number NY of /-phase precipitates per unit volume, having diameters between l,.1/2 and l,+ | / 2 is given by
equation:

n i l ? - If., lf+, - \ 2 J

where 1, = chord length of class i
n, = number of chords per unit length having lengths between I,., and I;

The distribution of the chord length is obtained on mechanically polished specimens etched with Murakami's reagent. The
analyses have been carried out on a Quantimet 720. At 800°C, most of the precipitates occur during the first 10 minutes;
the mean dimensions of the precipitates being about 0.8 jxm.

(1) G. liock.stiegel Zcilschr.f.Metallkunde 57 (1966) pp.647-652

1.2.5. IRRADIATION EXPERIMENTS
(A. De Bremaecker)

CARAFE

CARAFE ran in RAPSODIE til! the end of August 1981 although many discussions took place with CEA about the
continuation of this experiment in the present irradiation conditions. It was envisaged to unload this experiment from

RAPSODIE and to continue it in BR2 in nominal thermal conditions, in order to release the fission gases. CEA is now
willing to load CARAFE in position 2.1 or 2.2 after the intermediate examination.

The linear power would then reach about 380 W/cm. A new orifice should then be provided to keep the temperature in
the specified range.
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After cycle 52, the visual inspection of the three pins has been done in Cadarache; they seem to be quite good and straight.

The austenitic filling pieces have been measured. They do not show a well-defined peak in the high-flux region. After
examination, these filling pieces have been swapped with the ferritic ones of the SN R 4 monitor. With a few modifications
of the bottom end of the capsule, the "Iunules" could be transferred to CARAFE, but the bottom of the new capsule was
redesigned in such a way that the maximum flux plan is 4.5 mm lower than before.

Reloading is scheduled for the end of January 1982, during the 54th run.

COUCOU 4

A new "joint action", called COUCOU 4, has been decided : six pins clad with dispersion-strengthened ferritic steels (3
in DT 2906, 3 in DT2203Y005) are to be irradiated in a standard PHENIX assembly. This will give the opportunity to
acquire more information about the ferritic steels before IDEFIX has reached its maximum dose. The target dose of
COUCOU 4 is 100 dpaF and will be reached after 21 months of irradiation in the first core region of PHENIX.

The first and second reports have been written jointly by CEA-Saclay and S.C.K./C.E.N.

The metal powders have been prepared by U.E.H. and the tubes have been extruded and drawn in Mol. The CEA will
send to S.C.K./C.E.N. 10 standard austenitic fuel pins that will be cut in the Pu-laboratories, in order to transfer the fuel
into the ferritic pins. The end plugs will also be welded in the Pu-laboratories.

IDEFIX

The "Dossier 1" has been written, sent to the CEA and approved. Two assemblies will be irradiated in the first core region
of PHENIX with a target dose of 140 dpaF for the first one and 180 dpaF for the second one i.e. 9 and 12 at.% burn-up,
respectively. Each assembly (217 pins) will contain one third of the pins clad with "DT" and two thirds clad with "DY"
alloys.

Both "Dossiers 1" of the IDEFIX and COUCOU 4 experiments will now be sent by the CEA to PHENIX for approval
by the reactor operator.

RIPCEX II

This experiment is running normally. Since the previous intermediate examinations after the 49th run at a maximum dosis
of 30 dpaF, it has been decided to postpone the next intermediate examination after the 53rd run when a dose of about
60 dpaF will be reached.

ISIS

The capsule has been loaded in a BR2 channel and the irradiation started on 24th November 1981. Some problems have
been encountered concerning the nuclear heating and the temperature, as well as the temperature distribution along the
capsule, were difficult specifications to be met. The capsule will be reloaded in a channel with a higher v-heating.

1.2.6. POST-IRRADIATION EXAMINATION
(A. De Bremaecker, W. Vandermeulen, J. Vandevelde, J. Ketels)

RIPCEX I

Three tubular (CDT02) and five micro-tensile (DTO2) specimens have been irradiated. Pre-thinned samples could be made
from the heads of the tensile specimens and from the tubular pieces. Due to their brittleness most of the curved samples
from the tubes cracked during flattening. A few suitable TEM specimens could be prepared. They were irradiated in the
temperature range in which void swelling is most likely.

Although the samples have been irradiated up to 1023n/cm2 (E > 0.1 MeV) (about 60 dpa NRT), no irradiation induced
voids have been found. Precipitation of a' phase (a Cr rich BCC phase) has already been observed after long-time ageing
in the temperature range 400 -500°C. In samples irradiated at 463°C, the precipitation seems to have proceeded to a further
stage. Precipitates can be seen on the grain boundaries as well as within the grains; several precipitates are aligned along
dislocations. In contrast to the a' phase, these precipitates give extra diffraction spots; their structure is therefore not merely
BCC but contains some superlattice.
After parallel ageing at 485°C, a similar precipitate distribution is obtained indicating that irradiation had no noticeable
influence on the precipitation.

After irradiation at lower temperature (422°C), the particles are smaller and there is less precipitation on grain boundaries.
Strain contrast effects show that in these samples the particles are coherent. Precipitation is much finer in CDT02 alloy
after irradiation at 463°C than in DT02. Precipitates are still probably a' and this indicates that increasing the Ti and/or
Mo contents brings the composition closer to the solubility limit of the a' phase.

It should be noted that neither a thermal nor an irradiation induced change has been observed in the -/-phase.

The two tie-rods made of WN 1.4981 10 % CW (N E tie-rod) and 20 % CW (N W tie-rod), irradiated to a maximum fluence
of 9.0x10- MeV n/cm2, show a maximum swelling of 4.3 % and 3.2 %, respectively, confirming the beneficial effect of
cold-work on swelling. The relative swelling between tie-rods N E (10 % CW), SE (15 % CW, tested at KfK.) and N W (20 %
CW) confirm the relative behaviour of tie-rods previously observed on the basis of dimensional measurements.
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However, for each tie-rod, the absolute value as well as the axial profile of linear swelling obtained by density measurement
or metrology do not agree.
The mechanical tests on the tie-rods show an irradiation hardening at 400°C, which disappears when heating up to 500°C.
No significant ductility loss is found after irradiation. On the contrary, a ductility increase occurs at high temperature for
WN 1.4981 20% CW material, probably due to some cold-work recovery.

The swelling of the unpressurized austenitic steel capsules determined by density measurements agrees with the assumed
swelling determined by capsules profilometry. The capsule inner pressure increases the capsule swelling, confirming the
KfK results. This stress-induced swelling increases with neutron fiuence and especially with temperature. The linear
expansion of the capsule follows the swelling under pressure, but at high fiuence and pressure, the linear swelling exceeds
the length change. These results apply for WN 1.4981 CW as well as for WN 1.4970 CW, A material.

For low doses, the measured swelling is in agreement with predictions based on material laws.

The filling pieces show a very low swelling, except a few ones. WN 1.4981 SA material has a swelling of 24.3 %, whereas
a swelling of 19.1 % is observed on WN 1.4981 20 % CW. The high swelling for this latter material results from the high
temperature occurring in the filling pieces during irradiation. This is confirmed by the low swelling measured on WN 1.4970
CW + A material, irradiated in the same irradiation conditions.

RIPCEX II

Pure swelling can only be studied on the unpressurized samples of pin A01. Swelling of ferritic steels is very low
(+ 0.36 % max) in all cases, but commercial steels swell less than the dispersion-strengthened ones; moreover, DT alloy
swells twice as much as DY for a max. dose of 30 dpaF.

LUNULES OF SNR 4 - MONITOR

The final P.I.E. of SNR 4 (sub-assembly and monitor) have been performed. The ferritic filling pieces of the monitor
reached a maximum dosis of 81 dpaF. They have been measured in the hot cells at Cadarache. The previous P.I.E. was
confirmed i.e. in general a densification was recorded (AV < 0).

1.3. FAST REACTOR PHYSICS
(J. Debrue)

Neutronic studies related to the development of commercial fast breeders are carried out in the experimental zero power
reactor MASURCA (Cadarache).

The programme under progress, named the RACINE programme, was started in March 1980. The experiments and the
calculations are carried out jointly by C.E.N. Cadarache and the DeBeNe partners. The determination of the main
characteristics of heterogeneous core configurations, in which the interaction between fissile and fertile assemblies is
increased to enhance the breeding, is the main objective of the work. The S.C.K./C.E.N. contribution concerned the
gamma heating measurements.

A first series of experimental results showed that large core configurations are particularly sensitive to small perturbations :
asymmetries in the neutron and gamma distributions through the core were observed due to a slight material shift in the
subassembly cells. A second series of measurements was therefore carried out in an improved core configuration.

Besides the implementation of computation codes and the investigation of nuclear data for fast reactors, the development
of dosimetry techniques related to fuels and materials irradiations was continued. The information obtained from the
post-irradiation examination of the MOL 7D sodium loop irradiated in BR2 was particularly valuable by reason of the
variety of the techniques which could be applied on a same device.

Actually, a number of methods developed in the framework of fast reactor studies can contribute to experimental work
in other fields where fast neutrons play a dominant role. Examples are the embrittlement of steel pressure vessels in
pressurized water reactors and of first wall materials in fusion reactors.

1.3.1. WORK IN SUPPORT OF THE DESIGN OF LARGE SIZE BREEDERS

1.3.1.1. Racine programme
(G. Minsart, L. Ghoos, N. Maene, R. Menil)

The RACINE programme carried out in the MASURCA critical facility at Cadarache has been continued in 1981. Its
aim is to investigate the characteristics of large size heterogeneous configurations in support of the design of SNR 2 and
SUPERPHEN1X type reactors.
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The RACINE 1A core configuration is used as the reference configuration with one central fertile zone surrounded by
two fissile and two fertile zones arranged as displayed on Fig. 1.3.1.1.

' ' FISSILE ZONE
1 I FERTILE ZONE

Fig. 1.3.1.1 .Reference heterogeneous configuration in MASURCA.

Due to the fact that the contribution of gamma heating to the total power generated in the fertile zones is relatively
important, many measurements using thermoluminescent dosimeters (TLD) and an ionization chamber were carried out
to determine the gamma dose rate distributions in the core.

A first series of measurements using TLD's had been carried out by S.C.K./C.E.N. in the RACINE 1A configuration in
November 1980. In September-October 1981, a second measurement campaign took place, this time with the participation
of A.E.E.-Winfrith. These measurements were carried out in the RACIN E 1 Abis configuration which is more symmetrical
than the first one. The preparation of the second campaign was carried out in a similar way as in 1980:

- the reproducibility of a set of 400 unirradiated pure 7LiF dosimeters (diameter: 1 mm; length : 6 mm) was checked by
exposing six times the whole batch to a uniform dose of about 15 Rad at a distance of 150 cm from a 60Co source in
the dosimetry tower. After each irradiation, the TLD's were read on the automatic TNO reader, which is equipped with
three hot N2 gas jets which provide perfect thermal contact and ensure fast reproducible heating of the dosimeter. By
these measurements (and previous ones) it was observed that the statistical distribution of the results gradually
approached a Gaussian distribution after a few exposures. Finally, 215 7LiF dosimeters were selected;

- irradiations of AUOj and CaSO4 dosimeters were also carried out in the same dosimetry tower;
- the 60Co gamma field at this calibration installation was checked by means of a calibrated ionization chamber.

For the irradiations in MASURCA. all the TLD's were loaded in steel holders, as those exposed in the calibration wooden
dosimetry tower in Mol to facilitate the determination of the energy deposition in steel. Radial and axial distributions were
measured through the core.

An intercomparison of the gamma exposure units also took place in Cadarache, using reference ionization chambers from
the participating laboratories. The Cadarache and Mol results are in good .."sreement (better than 3 %); the Winfrith
chamber had still to be calibrated.

The whole RACINE programme, in particular the theoretical analysis of the measurements, was discussed at several
working group meetings held at Karlsruhe or Cadarache.

1.3.1.2. Computation codes and nuclear data
(G. Minsart, G. De Leeuw-Gierts, S. De Leeuw, Ch. De Raedt)

Assessing the neutronic characteristics of reactors and of irradiation devices, requires more and more extensive calculation
capability and detailed cross-section sets; the development of computer codes and nuclear data sets has thus been
continued : additional cross-section libraries and new computer programmes were made operational, and the range of
application of the computational procedures has been extended by testing and validating more parts and options of the
code systems already available. In this framework, the theoretical analysis of the spectrometry measurements carried out
in the spherical cavity facilities (located in the thermal columns of the BR1 reactor) has been continued.
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- Cross-section sets

• The gamma production and gamma interaction parts of the DLC41B/V1TAMIN-C library were translated into
binary files and stored on tapes (CTI computer at Brussels).

• The three cross-section sets provided with the SCALE code system were made operational:
the 16-group set (modified Hansen-Roach library);
the 27-group set (derived from the 218 gr DLC43B set);
the 123-group set (based on earlier GAM-Thermos libraries).

- Computer codes

• The codes system SCALE (Standardized Safety Analysis for Licensing Evaluation), received from RSIC (ORNL,
USA), has been implemented on the CTI computer at Brussels. This modular system is designed for criticality and
fuel storage studies at various stages of the out-of-pile fuel cycle (fuel manufacturing, irradiated fuel manipulations,
reprocessing).

• The programme CASSANDRE (static version) has been implemented on the CTI computer; it solves the 2-Dim.
(XY or RZ) multigroup diffusion equations using a finite element technique (rectangular elements) and contains
several automatic iteration procedures (such as poison search,...).

• The programme RECOIL, developed for the study of fast neutron damage in materials, has been implemented on
the CTI computer.

• Two programmes were prepared to solve the multigroup diffusion equations using the finite element technique; the
first one, named ALEX2D, is a two-dimensional programme able to handle various geometrical shapes divided into
triangles, even with irregular boundaries; the second one, named ALEX3D, solves the equations in 3-dimensions
by combining the results of several 2D calculations used as trial functions and of one-dimensional computations
along the third dimension, on the basis of a synthesis technique. Up to now, only linear finite elements are
implemented; the quadratic ones will be added later. The reports containing a short description of the formalism
and the user's guide, have been issued.

• Several subprogrammes of the AMPX-II/MARS systems were used to prepare a coupled neutron-gamma library;
unexpected error messages aborted their execution, as well as a trial of ICE-2 applied to the 218-group CSRL library.
The common mode of failure of these jobs suggests that some corrections have to be made in the set of basic
subroutines of the systems.

- Nuclear data

a) The exact calculation of the 2O8T1 formation due to the 216Pu, 232U ... decay in a plutonium batch is of interest by
reason of Me 2.6 MeV gamma emission of 2O8T1 which could create difficulties in the handling of fresh UO2-PuO2

fuel assemblies, more particularly for fast reactors. Calculations were made with the ORIGEN and KORIGEN
codes to investigate this problem. The knowledge of the cross-section of the 237Np(n,2n)236Np reaction and of various
neutron energy-dependent branching ratios intervening in the formation of 236Pu appears to be still insufficient.

b) The MOL-SS benchmark was recalculated by means of AN 1SN-VITAMIN-C (171 gr -S8P3), DTF IV -KEDAK 3
(208 gr-S8diag.transp.approx.) and ANISN-DLC43B/CSRL(218 gr-S8P3).Theexperimental neutron spectrum,
covering the ~ 5 keV - 6 MeV energy interval, was reevaluated above 1 MeV by introducing new Li-6 measurements.
The average cross-sections of the dosimetry detectors were calculated with the ENDF/BV dosimetry cross-section
file for the three theoretical spectra and the experimental evaluated spectrum, extrapolated below 9 keV and above
5.8 MeV with the ANISN-VITAMIN-C theoretical spectrum, normalized to the experimental one over their
common energy interval.

In Table 1.3.1.2.a. the calculated and experimental average cross-sections and the theoretical to experimental
cross-section ratios, normalized to 58Ni(n,p)58Co, are reported.

c) The spectral measurements in the Unat one-material experiment, aimed to improve and to understand the origin of
the observed discrepancies between theory and experiment due to the 238U group cross-sections, as used in reactor
codes, were continued.

The experimental Li-6 spectra determined on an absolute scale in the 6 cm and 11 cm Unjt configurations were
compared to the theoretical 171 gr ANISN-VITAMIN-C and 208 gr DTF IV-KEDAK 3 spectra. While in absolute
shape best agreement is observed with the AN ISN spectra, a slightly better agreement is obtained for the spectral
ratios with the DTF IV spectra.

Neutron flux ratios between 10 keV and 10 MeV were deduced from the Li-6 measurements and from
mIn(n,n') l l5mIn reaction rate measurements; for this reaction, the ENDF/BV cross-section was used in the
calculation.

The results are given in Table 1.3.1.2.b.

The measurement of the neutron spectrum up to 10 MeV and reaction rate measurements in the 1 cm Unal shell, under
progress, are directed towards clarification and physical understanding of the observed discrepancies.
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TABLE 1.3.1.2.0.
Average cross-sections (mb) in MOL-ZZ and theoretical to experimental average cross-section ratios normalized to

Reaction

l97Au(n,r)"98Au
235U(n,O
239Pu(n,f)
IO3Rh(n,n')1MRhm

237Np(n,Q
238U(n,0
"5In(n,n')"5Inm

232Th(n,0
58Nirn,p)58Co
»AI(n,p)«Mg
56Fe(n,p)56Mn
27Al(n,a)MMn

Experimental
results

[1]

402
1512
1764
281
586.5
84.8
56

20.35
26.5
0.983
0.260
0.171

NDF/B V Dosimetry file

171 gr
ANISN -
VITAMIN-C

455
1613
1843
304
621
88.5
56.3

21.3
26.4
0.985
0.234
0.164

1.14
1.07
1.05
1.09
1.06
.05
.01

.05

.01
0.90
0.96

Theoretical

218 gr
ANISN -

results

DLC43B/CSRL

444
1605
1838
299
614
85.9
54.4

20.6
25.2
0.976

.16

.12

.10

.12

.10

.06
1.0

1.065
1
1.04

208 gr
DTF IV -
KEDAK3

429
1582
1860
349
705
106.3
67.3

25.5
32.1

1.145
0.250
0.162

0.88
0.86
0.87
1.025
0.99
1.035
0.99

1.035
32.1
0.96
0.79
0.78

Evaluated
experimental
spectrum

463
1620
1842
292
598
83.1
52.9

[2] 57.1
20.1
25.7
0.993
0.239
0.166

(

.19

.10

.08

.07

.05

.01
).97
.05
.02

.04
0.95
1.00

[1] A. Fabry et al.. Neutron cross-sections for Reactor Dosimetry, p. 233, Vol. I, IAEA-208 (1978).
[2] A. Fabry et al., " l l 5 In(n ,n ' ) l l 5 m In cross-section evaluation". Nuclear Data for Reactors, p. 535, Vol. II, IAEA (1970).



TABLE 1.3.U.b.
Comparison of theoretical and experimental flux ratios between 10 keV and 10 MeV

in a Una, spherical shell of 6 cm and 11 cm thickness

Configuration
Theoretical flux ratio

Flux ratio deduced from
theoretical spectra normalized
on 115In(n,n') reaction rate
measurements

ANISN -
VITAM1N-C

DTFIV -
KEDAK 3

ANISN -
VITAMIN-C

DTF IV -
KEDAK3

Flux ratio from
6Li spectrometry

6 cm and 11 cm 0.970
natural uranium

0.978 1.039 1.097 1.068

1.3.2. PHYSICS MEASUREMENT PROGRAMME FOR THE START-UP OF SNR 300 AND SUPERPHENIX I
(L. Leenders, H. Tounve)

- SNR 300

The preparation of experiments planned during the start-up phase of the SNR 300 reactor has been continued. With a
view to early determining the power distribution in the core and the blanket as well as the conversion ratio, two types of
measurements were proposed : counting of dosimetry foils and gamma scanning of fuel rods irradiated in the so-called
"Messelemente" during a low power run. After extensive discussions at several AG3 meetings, final recommendations and
proposals were submitted to INB. Finally, in order to reduce the cost of the start-up phase, INB decided to drop some
of the experiments, and in particular, to suppress the "Messelemente" keeping in mind the possibility of conducting a
post-irradiation examination programme on the fuel assemblies unloaded from the first core, to provide the required
information.

- SUPERPHENIX I

In the framework of the co-operation between DeBeNe and the French CEA (Cadarache), the start-up programme for
SUPERPHENIX 1 has been discussed. The preparation ofthat programme will require experimental investigations on
a mock-up in the MASURCA facility, and this will be part of the joint activities in fast reactor physics, as in the RACINE
programme.

1.3.3. 1N-PILE NEUTRON DOSIMETRY FOR FUELS AND MATERIALS

1.3.3.1. Development of dosimetry techniques
(H. Tourwe, S. De Leeuw, R. Menil)

An improved procedure has been tested for fast neutron flux measurements by means of titanium dosimeters using the
reaction 46Ti(n,p)46Sc. Such dosimeters are irradiated in the core and in the reflector of BR2 at each cycle. Up to now, the
measurements were carried out with a Nal detector. The new procedure uses a Ge(Li) detector and is fully automated.
Consistency with 54Fe(n,p)54Mn fluence measurements was verified several times in the past. The major advantages of the
new approach for 46Sc activity measurements are:
- reduction of the cooling time since the impurities in the Ti dosimeters do not perturb the Ge(Li) measurements; the

results are thus available in a shorter time;
- cadmium capsules are no longer required to eliminate thermal neutron activations; this reduces the gamma dose when

the dosimeters are dismantled.

Most of the fluence dosimeters used to monitor material irradiations have a threshold above 2 MeV; this energy response
is not representative of the damage effects which occur at lower energy. Calibration of conventional activation dosimeters
with respect to low threshold monitors is therefore desirable. Silicon P.I.N. diodes, with an effective threshold at about
200 keV, can be used for this purpose if the variation of their electrical properties can accurately be related to neutron
exposure. Two parameters are measured : the forward voltage drop and the recovery time after injection of a forward
current pulse.

It was previously suggested that individual calibration of the diodes could improve the accuracy. This proved to be false
because re-irradiation followed by pre-read anneal changes the characteristics. However, a considerable improvement to
5 % was obtained by :

- combination of forward voltage and recovery time measurement in the fluence range where A Vr and A 1 /T r are linearly
related;
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- selection of diodes with matched pre-irradiation values of forward voltage and recovery time;
- improved control of the characteristics by the manufacturer (type 5430-C);
- reduced Joule heating by the recovery time monitor.

The irradiation facilities used for calibration are the fission spectrum facility and the ££ dosimetry benchmark installed
in the thermal columns of the BR1 reactor.

1.3.3.2. Dosimetry applications in materials testing and fast reactors
(H. Tourwe, Ch. De Raedt, L. Leenders)

The results of the international niobium intercomparison, organized by S.C.K./C.E.N. to evaluate the state-of-the-art in
niobium dosimetry, were further analysed. Seven laboratories participated in this effort and measured the "Nbm specific
activity in foils and wires irradiated in BR2 and EBR II, Experimental Breeder Reactor, Idaho. The accuracy obtained
finally on the93(n,n') reaction rates (a 0 ) was of the order of 2.5 %, which could correspond to an uncertainty of 5 % (one
stand, dev.) for routine dosimetry measurements by one laboratory. The countings are carried out with a Si(Li) detector
calibrated with 241Am, 109Cd, 88Y and "Co sources.

The determination of fiuence or flux values on the basis of measured reaction rates relies upon the knowledge of the
93Nb(n,n') cross-section. Irradiations in BR2, BR3 and PSF (see par. 3.5.) have shown that the HEGEDÜS cross-section
(EIR-Bericht No. 195, March 1971) multiplied by 1.37 produces fluence data above 1 MeV in agreement with results from
reference dosimeters such as nickel. This statement is correct for hard spectra. In degraded spectra, e.g. in reactor blanket
or steel vessel, the trend is to underestimate the flux above 1 MeV; the origin of this phenomenon is apparently the non
adequate energy dependence of the cross-section. Further work is therefore necessary.

Comparison of neutronic calculation results with post-irradiation dosimetry data for the MOL 7D sodium loop irradiated
in BR2 has been continued. This loop contained 19 mixed oxide fuel pins; the burn-up reached 75,000 MWd/t at the end
of the irradiation. The dosimetry work is done in collaboration with Rockwell International Corporation (USA) where
the helium production measurements in steel samples and fluence monitors were carried out.

The measurements concerned the pin to pin variation rate, the neutron fiuence 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.

The appraisal of the consistency of individual results on the basis of neutron transport calculations is essential to assess
the significance and the reliability of the experimental techniques in the analysis of experiments such as MOL 7 D. Reasons
are the important space dependence, the presence of multiple reactions in the fuel pin materials as well as in some
dosimeters, the migration of fission products in the fuel. The following examples can be given :

RELATIVE ACTIVITY

MIGRATION WITHIN THE GAPS

ROD CONTENT | SS | BLK FUEL BLK SS

REACTOR LEVEL -100 -200

RELATIVE ACTIVITY \ | 1 1

b .200 . « O m m

GAPS WITHIN THE FUEL

Fig. 1.3.3.2. Axial dislrubuthns of the l}7Cs and imRh activities
in a fuel pin of the MOL 7D bundle irradiated in BR2.
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- 237Np, one of the fission monitors located on the wrapper tube, is partially transformed into 238Np, 238Pu and, to a smaller
extend, into 235Pu;

- helium production in the steel cladding is due to neutron induced reactions in Fe, Cr, Ni and N at high energy but also
in Ni (double step reaction) and in boron at low energy;

- t37Cs and 106Rh activity distributions in the fuel depend strongly on temperature distributions during the irradiation
(peaking at the extremities of the fuel column) or gaps between pellets (dips in the 106Rh distribution) as illustrated in
Fig. 1.3.3.2.

A general agreement of ± 20 % is obtained at the present stage of the analysis. Remaining important discrepancies will
further be investigated, together with the fuel burn-up data from the radiochemical measurements.

Other applications in the field of dosimetry concerned the KNK II actinide experiment (the preparation of the irradiation
is being continued) and the experiments FARFADET and VIC in BR2 (see Chapter 7).

1.4. FAST REACTOR SAFETY

During 1981, S.C.K./C.E.N. continued to participate in the activities of numerous 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 EC.

In 1980, S.C.K./C.E.N., in collaboration with the "Universite Libre de Bruxelles" finalized CASSANDRE, a
2-dimensional (RZ) multigroup neutron diffusion unsteady state code for the analysis of reactor core transients or
accidents in the pre-disassembly phase and a thermonydraulic module was coupled to CASSANDRE for allowing
temperature reactivity feedback.

In 1981 CASSANDRE was successfully validated by comparison tests for international benchmark problems for its
validation.

The fuel element behaviour under ofT-normal local cooling conditions and the possibility of pin-to-pin failure propagation
are of special interest for LMFBR safety. As part of a joint MOL 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 'arge 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 UO2 particles, was carried out end 1980. Two experiments with pre-irradiated fuel
pins are under preparation.

Another important LMFBR safety issue is to assure the long term cooling of liquid Na saturated core debris bed in the
reactor vessel possibly resulting from a hypothetical core disruptive accident.

In September 1981, the CEC decided to participate financially in six in-pile PAHR (Post Accident Heat Removal) tests :
three of these tests will be carried out in the BR2 reactor and three in the MELUSINE reactor of the C.E.N.-Grenoble
(France).

Based on its feasibility study finalized in 1980, S.C.K./C.E.N. started in 1981 the final design of the first PAHR 200 loop,
which will be irradiated in January 1983 in the central channel HI (diameter 203 mm) of the BR2 reactor.

In collaboration with the von Karman Institute VKI, S.C.K./C.E.N. continued the development of TORPEDO, a
2-dimensional (R-Z) multicomponent multiphase conductive-convective heat transfer code for the computation of the
temperature field in the porous debris bed and its supporting structure.

An out-of-pile test loop was manufactured by VKI for the visualization, quantification and modelling of some basic PAH R
phenomena.

1.4.1. FAST REACTOR SAFETY EVALUATION
(A. Siebertz)

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

Within the SWG, representatives of designers, utilities, licencing authorities and research centres of various EC member
states are trying to reach a consensus on fundamental LM FBR safety aspects, in order to develop provisional safety criteria
and guidelines.
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During 1981, the SWG reached a consensus on preliminary safety criteria and guidelines concerning fuel handling
accidents and accidental sodium-water reaction in steam generators.

1.4.1.2. CASSANDRE, a two-dimensional (RZ) multigroup neutron diffusion unsteady state code for the analysis of reactor
core transients or accidents

The 2D space multigroup neutron diffusion kinetics module
(B. Arien, J. Devooght*, E. Mund**, A. Siebertz)

• ULB
•• FNRS/NFWO(U.L.Bruxellcs)

During 1981, comparison tests with benchmark problems were carried out for the validation of the final version of the
code CASSANDRE. In all cases, very good agreement with other codes was found.

Typical results are shown on Fig. 1.4.1.2.a, b and c for the benchmark problem proposed by the NEACRP(*).

(*) Proceedings of the joint NEACRP/CSNI specialists meeting on new developments in three-dimensional neutron kinetics and review of kinetics
benchmark calculations.

Garsching, FRG, 1975.

In this problem, a very strong power excursion is simulated by a control rod ejection in a fast reactor. Thermohydraulic
feedback is represented by an adiabatic model. The figures represent the evolution of the reactivity, power and mean core
temperature, respectively, versus the time as calculated by CASSANDRE and three other codes.

Fig. 1.4.1.2.a.: 2dfast reactor benchmark 1 +n p(t)

Fig. l.4.1.2.b.: 2dfast reactor benchmark 1 +n power (t)

Fig. I.4.I.2.C.: 2dfast reactor benchmark I temp, (t)
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1.4.2. MOL 7C PROJECT : IN-PILE SODIUM FLOW DISTURBANCE TESTS*
(G. Vanmassenhove, AJ Verwimp, G. Geboers, R. Oris)

* In collaboration with KfK

The MOL 7C loop is designed for irradiating and testing a fuel bundle with 37 pins (30 UO2 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 firsi 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 UO : 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 loop is scheduled to take
place in the first part of 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
latter experiment was run with a higher bundle flow rate, due to the higher heat generation in the local blockage. The
blockage material consisted of enriched UOi particles, instead of stainless steel spheres, as used in MOL 7C/1 and MOL
7C/2.

In all three experiments, however, the main sequence of events was essentially identical and the following phenomena could
be observed:

- temperature increase up to saturation temperature, a temperature stop at this level, terminated by dryout and further
temperature increase;

- first pin failures roughly at the time of dryout;
- dryout or similar events in the recirculation zone downstream the blockage by the entrapment of filling gas escaping

by cladding defects inside the blockage;
- clear indication of the steel melting;
- fast temperature changes by combined melting and material movement phenomena;
- increase of DND signals by several orders of magnitude;
- only minor reactions of the coolant flow on gas release and material movement phenomena;
- re-establishing of stable cooling conditions in the blockage area after some ten seconds.

The operation of the loop was continued at full reactor power. This post-transient operation amounted for MOL 7C/1
48 minutes, for MOL 7C/2 six minutes and for MOL 7C/3 five days, before the reactor was shut down by normal
procedure. In any case, no indication of further failure propagation was observed.

Table 1.4.2.1. illustrates the time sequence of themain events for the three experiments after transient initiation. All time
indications are related to the start of the temperature increase in the local blockage.

The most important signals for the characterization of the sequence of events are the temperature in and behind the
blockage, the central fuel temperature, the failure times derived from the pin pressure surveillance, the bundle flow and
the DND-signals.

TABLE 1.4.2.1.
Time sequence of main events for MOL 7C/I, 2, 3 experiments

Event
Time sequence

MOL7C/1

0.0 s
10.0 s
12.6 s
12.6 s
14.1 s

15.0 s
200 s

2880 s

MOL 7C/2

0.0 s
4.4 s
6.4 s
6.3 s
8.0 s

7.7 s
80 s

360 s

MOL 7C/3

0.0 s
2.0 s
4.8 s
5.3 s
6.5 s

6.0 s
60 s

5 d

Start of temperature increase in the blockage
Start of local sodium boiling
Dryout indication
First pin failure indication
Increase of DND signals (including sodium transit
time)
Steel melting temperature indication
Stabilization of bundle flow and temperature
Post-transient reactor operation
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Comparison of the signals measured in the different experiments demonstrates that the sequence of events is essentially
the same in all experiments as already mentioned. Merely with respect to the duration of the single phases, distinct
differences are to be stated.

The process of blockage destruction from the first pin failure to the stabilization of the bundle flow lasts about 13.4 s in
MOL 7C/1,13 s in MOL 7C/2 and 8.2 s in MOL 7C/3. In spite of the higher filling gas pressure in the case of MOL 7C/1,
the time of destruction is nearly the same as in MOL 7C/2. The destruction time of the MOL 7C/3 blockage is essentially
shorter than MOL 7C/2 despite an identical gas pressure and a higher local power density. The shorter duration of the
destruction phase in MOL 7C/3 could imply that primarily not the power density but the physical properties of the
blockage material are to be considered as essential parameters. In the case of MOL 7C/1-2 with a steel blockage, the low
melting point and the good thermal conductivity of steel led to the formation of a nearly tight crust in the cold boundary
zones of the blockage. With UO2 particles in MOL 7C/3 another behaviour is to be expected. After melting of the inner
steel structures and melt-through of the downstream cover plate of the blockage, part of the fuel particles can be released
from the blockage before the UO2 melting point is reached. The formation of crusts of frozen fuel is not to be expected.
Probably this mechanism leads to a smaller radial extent of the damage, while sodium re-entry into the blockage is
favoured. This hypothesis can only be checked by destructive post-irradiation examination. In 1981 non-destructive tests
such as neutron radiography and gamma-spectrometry measurements have been made. The neutron radiographies made
in the BR2 reactor pool showed considerable material relocations between the upper end of the local blockage and the
next spacer grid. Material has settled between the pins over a distance of approximately 65 mm downstream the blockage
and approximately 20 mm upstream the next spacer grid. Bowing of the pins in this region was also evidenced. By
gamma-scanning, carried out in the BR2 canal, the distribution of fission products (95Zr and 95Nb) and activation products
(58Co, 54Mn and 60Co) has been determined. An accumulation of both fission products and activation products has been
found in the filter, located at the outlet of the bundle. This indicates that fuel and cladding material have been displaced.

Destructive post-irradiation examination of the test section will start in 1982 after dismantling of the loop.

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

Instead of the originally planned two experiments with low burn-up fuel, it is now intended to carry out one experiment
with low burn-up fuel (17.5 MWd/kg)and one experiment with medium burn-up fuel (48 MWd/kg). For both tests a new
in-pile section has been designed. The loop consists of two main parts : the outer part with heat exchanger, sodium pumps
and expansion tank and a so called test train (Fig. I.4.2.2.). The pre-irradiated fuel pins will be loaded in the lower part
of the test train. The test train is then inserted in the central hole of the loop. The completed in-pile section is then transferred
from the hot cells to the BR2 canal. Here sodium filling is done and the loop is subsequently transferred to the reactor.

The fuel pins to be loaded in the experiments have been taken from two fuel elements irradiated in the KNK II reactor.
These elements were prematurely unloaded after fuel pin failure was detected. The first element was unloaded in April
1979, the second one in September 1980. From the available pins a selection was made on basis of integrity, cladding

TABLE 1.4.2.2.
Comparison ofSNR 300 ami MOL 7C data

Fuel

Pu content
235U enrichment
Burn-up

Pellet diameter
Cladding diameter
Pitch/diameter

Cladding material

Fuel zone
Linear power
Gas pressure
Sodium velocity
Sodium temperature

inlet
outlet

SNR300
Mk la

UO2-PuO2

wt.% 24
at % 0.75

MWd/kg 70

mm 5.09
mm 6.0

1.32

WN 1.4970

mm 950
kW/m 35.4

bar 28
m/s

°C 377
°C 585

MOL7C/1-3

UO2

-
90,80,65
2.9

5.09
6.0
1.32

1.4970

400
40
10-68
2.5-1.3

375
560-740

MOL 7C/4-5
LBU* MBU**

UO2-PuO2

30
93 93
17.5 48

5.09
5.0
1.32

1.4970 1.4981

600
44(KNK)/39(BR2)

6 17
2

370
ca.665

Low Burn-Up
Medium Burn-Up
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Fig. 1.4.2.2.: Main dimensions of the in-pile section and the test train.
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material, fuel batch. X-ray examination. The preselected pins have been transported to Mol. They are at the moment stored
in the BR2 canal waiting for further qualification tests, such as dimensional control, leak tightness tests and neutron
radiography.

The conditions which will be realized in the irradiation vehicle are summarized in Table 1.4.2.2. A comparison is made
with SNR300and the experiments with fresh fuel (MOL7C/1, 2,3). The blockage test itself initiated by interrupting the
additional cooling flow through the local blockage will be made after a few irradiation days at reduced power. This period
is used for the necessary calibration tests.

The design of the new in-pile section is based on previous experience and hydraulic tests carried out in water or sodium.
The loop incorporates sliding seals. The leak rate through these seals has been measured in sodium at the loop operating
temperature and pressure difference. A leak of about 1 % of the nominal flow was found. The sodium degassing system
has been optimized in a water lest. The geometry of the bundle inlet with a predetermined pressure drop has also been
fixed by tests in a water model. Another model is actually under preparation for the choice of the inlet geometry, which
allows a proper flow distribution between bundle and by-pass flow.

The loading of the irradiated pins must be done remotely in the BR2 hot cells. For this aim, an apparatus has been designed
allowing the insertion of the 30 fuel pins one by one. During this operation, displacement and pushing force will be
measured continuously. It will also be possible to retract any individual pin in case of difficulties occurring during the
loading operation. The local blockage with the spacer grids and dummy pins will be previously mounted in the test train.
The filling material of the blockage, enriched UOi particles, will be fixed by means of paraffin. In order to prevent melting
of the poured paraffin by the residual decay heat of the pins, the blockage will be cooled by a forced air (low during the
loading operations. Afterwards the paraffin will be dissolved before the test train is loaded in the loop and filling with
sodium. Components of the loading apparatus as well as the sodium filling station are at the moment partly in the detail
design phase and partly under construction.

1.4.3. THE PAHR PROJECT : POST ACCIDENT HEAT REMOVAL SAFETY EXPERIMENTS
(B. Arien, F. Casteels, J. Daniels, M. Decreton, C. De Raedt, W. Detavernier, L. Fouarge, C. Joly, A. Siebertz,
M. Soenen, G. Vanmassenhove, C. Benocci*, J.M. Buchlin*)

* von Karman Institute, Belgium

i) In pile PAHR experiments

The contract (with its technical annex) between S.C.K./C.E.N. and CEC (JRC-Ispra) for three experiments in the BR2
reactor was finalized and signed in September 1981.

These experiments to be carried out in the existing BR2-H1 channel of 203 mm diameter will cover the three following
stages:

- stage I : study of partial or total Na dryout in a debris bed of UO2 (or stainlcss-SS-and UOi) particles up to
temperatures of about 1400°C.

- stage II: study of overheating up to 1800°C, i.e. with SS melting if SS is present in the debris bed.
- stage III: study of overheating up to 2900°C, i.e. with possibility of simultaneous SS and UO2 melting.
During the last period of 1981, the work was mainly devoted to the revision of the feasibility study and to the design of
the test section for the stage I experiment.

The reference design was reviewed for the purpose of realizing the same upper and lower NaK-Cu-H:O heat exchangers
and the same units of pumps and flowmeters in each of the three planned experiments.

To adjust the heat capacity of the heat exchangers, a regulation with a NaK. column was considered to avoid high pressure
and for a possible better flattening of the temperature differences in the various parts of the heat exchangers.

For the middle part of the PAHR loop, containing the debris bed proper, the revision proceeded as follows:

- the pressure and safety tubes were chosen such that a maximum bed diameter of 135 mm is obtained for the stage I
experiment;

- the gas volume above the debris bed was increased in order to decrease the pressure variations during the irradiation.
This was realized by extending the gas volume to the interior of the pressure tube.

Such a design would allow a colder working temperature for the ultrasonic thermometers and also provide more
possibilities for the fixation of the instrumentation and the loading of the particles inside the crucible.
Neutronic and gamma calculations were undertaken and will be completed by thermal calculations with a view to the
determination of the isotherms which must be as parallel as possible to the bottom plate with a fuel enrichment as low
as possible.

A preliminary study has been carried out for the data acquisition system to be used with the PA H R experiments. The system
will allow simultaneous recording of the important signals by :

- analog magnetic tape recorders;
- low speed digital acquisition system with on-line graphical display of the loop basic parameters behaviour;
- high speed (50,000 measurements per second) digital acquisition system for the transient phenomena.
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Fig. 1.4.3.a.: Predicted dryout criterion versus the subcooling
level: V.K.I. Model and D-2(o), D-3(A), D-4(») experiments.

Fig. l.4.3.b. : P.A.U.R.
Experimental section for the BR2 simulation tests.

This will allow a high degree of redundancy and achieve a great reliability of the overall system.

On the BR2 side, the problems induced by the realization of neutron radiographies are now examined in more details,
mainly the choice of the best method and the adaptation of the BR2 test facility. S.C.K./C.E.N. participated in the
discussions of the CEC PAHR expert group, whose purpose is to obtain a good co-ordination of all PAHR programmes
in the Community.

ii) Materials compatibility studies

A contract was signed on 12th October, 1981 with JRC-Ispra for metallopraphic analysis in the framework of ZrO2

compatibility studies carried out by JRC-Ispra (ZrO2 being a candidate material for the crucible of stage II experiment).

iii) Simulation of the PAHR situation

The collaboration with the von Karman Institute was continued in the field of theoretical developments and out-of-pile
experiments.

The computation of the temperature field in the debris bed and its supporting structures by the TORPEDO code has been
continuously and significantly progressing.

A new module has been implemented in the TORPEDO code (2D-RZ-conduction-natural convection heat transfer). It
deals with boiling and dryout phenomena in fuel particulate packing. This new model adapts the spouting phenomenology
of fluidized beds to the PAHR debris bed and proposes physical interpretation for the phenomena observed in the
SANDIA test series as shown on the Fig. 1.4.3.a. The present version of TORPEDO code confirms the rale of top
subcooling on dryout flux and emphasizes for the first time the dominant effect of the test pressure conditions.

On the basis of the feasibility study finalized in 1980, an out-of-pile test section has been designed and constructed. The
principle of the simulation relies upon the use of the high frequency dielectric heating of solid isolant particles saturated
by neutral liquid. The simulant material has been selected to allow visualization and laser diagnostic. In Fig. 1.4.3.b. is
a photography of the test section which is designed to respect the geometry of the BR2 Mol test capsule.

The objectives are the analyses of the different steps of the PAHR scenario (preboiling, boiling, dryout and particulate
melting up to molten pool behaviour).

At the present time, effort is devoted to the test device and its instrumentation.
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1.5. SODIUM COOL\NT STUDIES

1.5.1. OPERATION OF THE SODIUM LOOPS
(M. Soenen, Ja. Dekeyscr)

1.5.1.1. The Na2 loop

In a first period, tests to study the temperature profiles for fully developed turbulent flow have been accomplished and
compiled in a doctorate work U.L.B./S.C.K./C.E.N. by Qui Rensen, a Chinese engineer on a tranee term at S.C.K./C.E.N.
(see par. 1.5.2.).

In a later period, tests started on permanent magnetic flowmeters for cross signal correlation. These tests have been
interrupted by a Na leak followed by a fire at the compensation bellow in the test section. The leaking sodium baked
together with the rockwool insulation so that the damage was kept localized. After repair of some preheaters and
thermocouples, loop operation could be resumed and the interrupted tests on permanent flowmeter cross signal correlation
finished. Test results are being evaluated and will be taken into account for a possible continuation of the tests.

Statistics relating to the operation of the Na2 loop during 1981 are shown in Table 1.5.1.1. The total working hours of
the loop at the end of 1981 exceeded 100,000 h, corresponding to a loop occupation of 70 % during the period 1965-1981.
It is important to note that during this 100,000 h, the loop has operated for 2000 h at 800°C and for about 40,000 h at
700°C. These temperatures are considerably higher than the outlet temperatures of the present Na cooled reactors (max.
575°C) what proves the potential to reach long lifetimes with the sodium circuits of this type of reactors.

1.5.1.2. The ASL-1 loop

The ASL-1 loop continued to operate at temperatures in the main circuit close to SNR conditions e.g. 550°C for the main
hot line and 360°C for the main cold line. The 4 hot sections and 3 cold sections are loaded as follows:

Hot sections: HS-1 : galvanic type carbon meter with Na2CO3/Li2CO3 electrolyte at 650°C.
HS-2 : diffusion type carbon meter with Flame Ionization Detector (FID) at 65O°C.
HS-3 : chemical equilibrium foils at 550°C.
HS-4 : Na sampler operated at 550°C (only for the time of sampling).

Cold sections : CS-1: diffusion type hydrogen meter at 390°C.
CS-2 : galvanic type oxygen meter with thoria/yttria electrolyte at 360°C.
CS-3 : Na sampler operated at 360°C (only for the time of sampling).

Fairly constant signals on both carbon meters, the hydrogen and oxygen meter are obtained for a period of a month when
the loop was operated at a constant cold trap temperature of 120°C. A steep change in cold trap temperature from 120
to 180°C caused the expected changes on the hydrogen and oxygen meter but not on the carbon meters. The FID carbon
meter reading, which followed cold trap temperature changes when it was newly installed, did no longer respond to the
cold trap after a long operation time of about 5000 h. The emf carbon meter signal, which remained fairly constant for
about 1000 h of operation, dropped sharply afterwards. Increasing the meter working temperature could improve the emf
output temporary, but never brings it back to the previous level of the initial period. To verify the output signals of the
carbon meters, graphite crushed into various pieces and held together by stainless steel wire mesh is loaded in the hot section
HS-4 of the loop. For the test, the cold trap is shut off and the graphite probe brought to 550°C, while all other conditions
of the loop remain unchanged. The H2 and O2 meter outputs increase rapidly with the shut off of the cold trap and the
temperature increase of hot section HS-4. The carbon meters react much slower with only a slight increase on the emf meter
and with a slowly changing but more pronounced increase of the FID meter to a more or less stable value after about a
week of operation. The limited response on the carbonmeters, when first the cold trap was taken back into service and
when later-on hot section HS-4 was shut off. led to the decision to end the graphite probe test although the H2 meter behaved
abnormally during the last period of the test.

The carbon meters, the emf meter (HS-1) as well as the FID meter (HS-2), will be replaced by new ones to allow a complete
examination of the old ones. The different components of the H2 meter will be checked and the meter possibly replaced
if neccessary.

Statistics relating to the operation of the ASL-1 loop during 1981 are shown in Table 1.5.1.2.

1.5.2. SODIUM HEAT TRANSFER
(Ja. Dekeyser, Qiu Rensen*)

* S.C.K./C.E.N. trainee

Sodium heat transfer tests, to study the temperature profiles for fully developed turbulent flow, have been the subject of
a doctorate work in the framework of a collaboration between U.L.B. and S.C.K./C.E.N. by Qiu Rensen, a Chinese
engineer on a trainee term at S.C.K./C.E.N. The study comprises a first series of tests in the Na2 loop with the heating
rod at 5.46 kW, a second series of tests with the heating rod at 18.9 kW and a third series of tests with variable heat input
to the rod. Some experiments under isothermal conditions were carried out preliminarily to verify the readings of the
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TABLE 1.5.1.1.

WORKING HOURS LOOP Na2 - 1981

Month
Working hours at temperatures (°C)

0-399 400-499 500-599 600-699
Total per
month (h)

January
February
March
April
May
June
July
August
September
October
November
December

615
720
744
333

634
720
542

615
720
744
333

634
720
542

Total working hours 1981 : 4308
Total working hours at the end of 1981 : 103,730

TABLE 1.5.1.2.

WORKING HOURS LOOP ASL1 - 1981

Month
Working hours at temperatures (°C)

0-399 400-499 500-599 600-699
Total per
month (h)

January
February
March
April
May
June
July
August
September
October
November
December

580 26
204

104
744

384
720
491

468
744
720
744
616

744
720
360

607
672
744
720
744
720
744
744
720
744

• 720
491

Total working hours 1981 : 8370
Total working hours at the end of 1981 : 49,021

thermocouples, the heat losses and the time needed for stabilization. A top view of the test section, showing how the heating
element can be axially displaced with respect to the thermocouple stations by turning the hand grip, is shown on Fig. 1.5.2.a.
The data necessary to determine the temperature profiles and local heat transfer coefficients are:

- the thermocouple readings at six stations along the axis of the heating rod;
- the inlet temperature of the test section;
- the outlet temperature of the test section;
- the power dissipated by the heating rod;
- the fiowrate in the test section;
- the ambient temperature;
- the axial position of the heating rod.
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Power measurement
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Scanner
Digital

Voltmeter

TC : thermocouples
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Computer

Fig. 1.5.2.a. Sodium heat transfer tests
Top view of test section.

Fig. l.S.2.b. Sodium heat transfer tests
Block diagram of measurement system.

All these data are handled by a computer programme with the measuring block diagram as shown in Fig. 1.5.2.b. From
the experimental investigations about the heat transfer to liquid Na in the thermal entrance region, the following
conclusions can be derived.

- The heat transfei characteristics in the thermal entrance region for turbulently flowing Na are quite different from those
of ordinary fluids. The thermal development effect for turbulent flow or liquid Na is much more intense than for
ordinary fluids.

- The Reynolds number has an appreciable influence on heat transfer to liquid Na in the thermal entrance region. The
local Nusselt number increases with increasing Reynolds number.

- The thermal entrance length for turbulent flow of liquid Na is much longer than that for laminar flow. It increases with
the Reynolds number for the range of experiments studied.

- For the practical case, the Prandtl number has only a little influence on the local Nusselt number for liquid Na.

- The effect of heat flux through the wall on the Nusselt number can be neglected.

1.6. MECHANICAL TESTS

1.6.1. MODAL ANALYSIS OF A DUMMY LMFBR FUEL ROD

This modal analysis is made in air with a dummy fuel rod in vertical position in its normal fifteen supports. Various cases
are examined using several excitation types (noise generator or periodic chirps with a sine generator), supports in-line or
out-of-line, and several positions and forces of the shaker (acting in the mid of the third or the ninth span with a force
1 N or 0.5 N).

Acceleration of the mid point of each span is observed. The transfer function and coherence function can be obtained
for each case by the Fourier Analyser system.
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Fig. 1.6.2. Fretting corrosion tests

From all these tests it may be concluded that with supports in-line, spans are not fixed and the rod is a poor vibratory
system, even if some rather low resonance frequencies are possible. But when spans are well fixed with out-of-line supports,
the rod is a definite vibratory system with a clear resonance frequency at about 200 Hz. It appears also in that case that
the resonance frequency of a span is lower when the vibrator is acting in or near the span.

1.6.2. FRETTING CORROSION TESTS

A dummy rod, made of a stainless steel rod trimmed at its ends by removable sheath tubes, is shaken by a vibrator in such
a way that the samples vibrate into hexagonal cells cut from a real SNR grid. To determine the principal factors of the
sheath wear, several parameters are investigated : position of the three knobs of the cells versus the vibration direction,
gap between sample and cell, vibration magnitude, operating temperature, environmental conditions (oxidation or argon
atmosphere), time duration; etc.

Finally it may be concluded that oxidation is not a very important factor, but that corrosion increases with time, with the
vibration magnitude and especially with the gap sample-cell and with the decreasing temperature.
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Chapter 2

GAS COOLED REACTORS
(J. Planquart)

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

The aim of the GSB experiment, which is carried out in collaboration with KFA-Jülich, 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 (HELM 3) was continued and terminated end December
1981.

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 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 3 irradiation were:

- 450 W.cnv1 average linear power in the maximum flux zone;
- 680°C maximum cladding temperature;
- 500°C gas temperature at fuel element outlet;
- 60 bar helium coolant pressure.

The achieved burn-up in the maximum flux zone at the end of the HELM 3 irradiation campaign amounts to 70 MWd/kg
heavy metal.

The S.C.K./C.E.N. activities in 1981 were mainly related to the exploitation of the helium loop for the HELM 3
experimental programme. Further work has been done on the examination of irradiated probes of the first in-pile section
and several probes have been prepared for further irradiation.

At KFA-Jiilich the examination of the irradiated UO2 fuel element (HELM 2) has been terminated; the fuel element has
been reassembled and equipped with a fuel pin incorporating an artificial cladding defect for a short term irradiation
campaign called HELM 2A.

2.1.1. HELM 3 IRRADIATION CAMPAIGN

The irradiation of the UO2-PuO2 HELM 3 fuel element has been continued in 1981 at the nominal irradiation conditions:

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

- linear pin power in the maximum flux : 450 W.cnv1

- maximum clad surface temperature: 680°C
- gas temperatures : fuel element inlet: 250 to 270°C

fuel element outlet: 500 to 505°C

The HELM 3 long term irradiation was terminated on 19.12.1981. The burn-up achieved amounts to 70 MWd/kg in the
maximum flux zone; the average burn-up over the fissile length amounts to 58.3 MWd/kg.

During the whole irradiation period extensive measurements have been carried out to determine the activity release of the
HELM 3 fuel element. The main conclusions are as follows :

1) The noble gas activity release to the fission gas adsorption system (spags) and to the main loop was very low.

2) The vented-to-birth ratio (V/B value) measured at the inlet of the fission gas adsorption system (spags) shows a gradual
increase from the start of the irradiation in April 1978 up to the irradiation end in December 1981 :

for ' "Xe : from about 2xl0-2 to 4xlO2

for '«Xe: from about 4.5x105 to ixlO4

for 85Krm : from about 2x1O5 to 5xl0'5.
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3) The vented-to-birth ratio, measured for the main loop gas shows a large difference between the first and second
irradiation period as indicated hereafter:

1st irradiation period 2nd irradiation period
April - December 1978 November '80 - December '81

'«Xe 1x10-5 3 x 10-6

6 x l O 8 1.5xlO-8

5 x 10-8 1x10-8

The reduction of the noble gas activity in the main loop for the second irradiation period is probably due to a bet-
ter fitting of the HELM 3 fuel element on its seat in the renewed in-pile section.

4) Tritium produced by ternary fission is released mostly into the main coolant by diffusion through the fuel pin cladding.
It is then removed from the main loop gas by the main coolant purificat'on system.

5) Release of active iodine has not been observed.

2.1.2. HELM 2A PROGRAMME

Following works have been carried out in the KFA hot cells for the HELM 2A programme in 1981 :
- continuation of the examination on the irradiated UO2 fuel element (HELM 2), mainly consisting of dimensional

measurements to check the artificial cladding roughness of the fuel pins;

- reassembly of the fuel element in a modified version, with two UO2 fuel pins replaced by two fresh UO2-PuO2 pins,
one of them being provided with an artificial cladding defect;

- tightness tests on the reassembled fuel element.

The HELM 2A fuel element has been transported to S.C.K./C.E.N. Mol and stored in the BR2 storage canal awaiting
further irradiation beginning 1982.

2.1.3. IN-PILE SECTION

Within the scope of the determination of the maximum useful life of the in-pile section, several samples were cut from
the irradiated in-pile section pressure tubes and examined by tensile tests, in the LMA cells.

The fast neutron fluence (E > 0.1 MeV) originating from the maximum flux zone, is about 1 x 1022 n/cmls.

Two capsules containing each three samples of the inner pressure tube of the irradiated in-pilesection, have been assembled
for further irradiation in the BR2 reactor.

2.2. HELIUM LOOP Hel
(A. Falla, P. Vanderstraeten, G. Geboers, R. Oris)

The helium test facility is designed for out-of-pile tests on materials and components for the helium cooled reactors (HTR
and GCFR) and for the utilization of hot helium coolant as a heat source for industrial processes.

The main features of the furnace are :

- maximum temperature in the test cavity : 1100°C
- maximum pressure: 68 bar
- useful diameter of the test cavity : 200 mm
- heated length of the test cavity : 2000 mm

The loop has been taken into operation at low pressure.

The temperature of the furnace has been increased in steps up to 1000°C under steady purification of the loop gas, in order
to remove impurities (mainly water, nitrogen, oxygen).

Shortly after reaching 1000°C, the test furnace had to be taken out of operation due to short circuit of two heating wires
via the supporting structure of the heating element.

The electrical insulation of the heating element has been improved and the furnace is ready for further operation to
determine its thermal characteristics.
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Chapter 3

WATER COOLED REACTORS

3.1. THE BR3 PLANT
(F. Motte)

The first and largest part of 1981 was devoted to inspection and maintenance works on the plant and on preparatory tasks
for the BR3/4C campaign that started on 21.09.81.

The objective of the exploitation of the core BR3/4C remains essentially to submit to a qualification test advanced types
of PWR fuel pins fabricated by Belgian and foreign manufacturers.

Secondly, the exploitation of the core BR3/4C contributes to the training of operation teams of commercial power plants :
teams of Doel 3 and 4 received a training period in 1981, others will follow in 1982.

Operation of the BR3 plant is supervised by F. Motte, A. Bastogne, P. Boonen, P. Gubel, M. Hanquet, L. Teunckens,
A. Barro, E. Bosschaert, M. Doneux, W. Engelen, L. Hus, R. Ketelers, G. Legrain, Y. Michaux, J. Petre, V. Ravoet,
J. Remade, A. Sencie, L. Tomsin, 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. Stiennon.

3.1.1. THE CORE BR3/4C

The core BR3/4C, the ninth core since the first start-up of the BR3 plant, was loaded between the 6th and 8th of July,
1981.
Fig. 3.1.1. gives a schematic view of the composition of the core. It may be said that the general features of the core 4C
are quite similar to these of the preceding one, core 4B :

- the estimated life is of the order of 8000 EFPH (Equivalent Full Power Hour);
- the core is partially plutonium enriched : it shows the general characteristics of a PWR reactor in which plutonium is

recycled so that, at beginning of life, 33.5 % of the fissions originate from plutonium isotopes and 66.5 % from uranium
isotopes;

- part of the reactivity investment is controlled at start of life by burnable poison (in particular gadolinium oxide) mixed
with uranium oxide in fuel pins, appropriately distributed over the fuel load : the boron content in the moderator is
therefore rather low at start of life.

The weight of heavy metal in the core at start of life is 900 kg, distributed over approximately 2000 fuel pins assembled
in 73 fuel assemblies. Because of their diversity, which is related to the fact that these pins come from several different
sources and that they are to be submitted to a last qualification test in BR3, it is impossible to give here an exhaustive
description. We will therefore limit ourselves to the main characteristics.

1. As shown by the axial lines in Fig. 3.1.1., the core presents an order 4 symmetry. The four quarters of the core (angle
of 90° at the centre) are as similar as possible. The power distribution calculations have, however, been made pin by
pin, for the lower half-core in the figure.

2. There are three types of fuel assemblies: the modern "go" type (61 assemblies), "G" type (10 assemblies) and "gf" type
(2 assemblies).
The assemblies "go", completely in Zircaloy, contain 28 pins, whose cross sectional dimensions as well as lattice
characteristics, correspond to the 17 x 17 PWR design; these assemblies can be dismantled and reassembled in the
plant's storage well.

The assemblies "gf" correspond to a somewhat other design and have practically the same characteristics as far as pin
lattice is concerned, but they can only be dismantled and reassembled in a hot-cell. Finally, the assembly "G" contains
only 20 pins, but with the characteristics of the 15 x 15 PWR lattice and are not designed to be dismantled.

3. Among the 73 assemblies,

- 2 assemblies have been irradiated in 3 previous operation campaigns, (3B, 4A and 4B);
- 18 assemblies have been irradiated in two of them;
- 33 assemblies have been irradiated in one of them;
- 20 assemblies have been loaded into core BR3/4C in a fresh state: in Fig. 3.1.1. these assemblies have been hatched.

For some of these assemblies, the burn-up level at the end of life of core 4C will therefore be quite high.
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Fig. 3.1.1. Schematic view of the BR3/Core 4C loading

fuel assembly
partially loaded
with UO, -RA tuel pins

el assembly

The record will be reached by the assembly "go" occupying the central 46 cell; it is being irradiated for the third
irradiation campaign; its burn-up levels have been calculated as follows :

- average value on the fuel assembly : 58,000 MWd/t
- maximum of the average values per fuel pin : 70,000 MWd/t
- maximum local value, pellet: 88,000 MWd/t

4. The mixed pins UO2-PuO2 were fabricated by Belgonucleaire; the UO2 pins were fabricated by Franco-Beige de
Fabrication de Combustible (FBFC); these two fabrications are part of an order for core 4C addressed to
Belgonucleaire.

Apart from these pins, the core contains many "advanced" pins of different types conceived or conceived and fabricated
by other organizations.
On Fig. 3.1.1., the initials of the experiments are marked on the assemblies they occupy or share:

- W for Westinghouse USA;
- CEA for Commissariat ä l'Energie Atomique-France;
- FRA for FRAMATOME-France;
- BBR for Brown Boveri Reaktor-Federal Republic of Germany.

5. In comparison to the preceding core, core 4C contains a particular new feature, i.e. pins with burnable poison pins
of various origins, nature and amount of the burnable poisons : this feature is characteristic for the evolution of the
interest in this domain, shown by the operators of the commercial PWR power plants.

It is interesting to report the presence of a number of pins with a slightly reduced diameter compared to the 17x17
standard : this novelty indicates a new tendency in the French programme for the development of PWR power plants.
Finally, core 4C is the start cf the first irradiations in the BR3 as part of two research programmes carried out with
large international financial support.

- The first, coded by the initials HBEP, meaning "High Burn-up Effects Programme", is headed by Battelle Northwest
USA. Approximately thirty fresh pins of various types are loaded in the assemblies as indicated in Fig. 3.1.1. The
objective of this programme in BR3 is to study the effects associated wiih very high burn-up rates. Therefore, the
irradiations in the BR3 must be continued in the future campaigns.

- The second programme, named TRIBULATION, is headed by the "Association Belgonucleaire-S.C.K./C.E.N.".
It aims at analysing the aptitude of the PWR type pins to survive severe power transients in a power plant at various
burn-up levels. Core BR3/4C contains from the start of life 20 pins participating in this programme; at core 4C
mid of life, the reactor will be opened to introduce into two fuel assemblies, 8 other experimental pins that will have
been submitted to power transients in BR2 experimental devices, after having been previously irradiated in the BR3
reactor.
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As far as the fuel pin linear power in core BR3/4C is concerned, it is worth noting that the maximum linear power
considered as admissible is fixed as follow:

- pin in assembly type "go" (17x17) 500 W.cnv1

- pin in assembly type "gf" (17x17) 460 W.cnv1

- pin in assembly type "G" (15x15) 560 W.cnv1

In order to respect these limits and taking into consideration the complexity of the core design based on a difficult
compromise to be reached between the specifications of each experimenter and the constraints of plant operation, the
plant is operated generally at reduced power, according to a calculated power programme associating at determined
periods, power levels situated between 80 and 100 % of the plant nominal power.

Fig. 3.1.2. shows a photograph of the interior of the reactor vessel taken through approximately 8.5 m of water, at the
end of the core loading.
The fresh fuel assemblies loaded in the first and the third crown around the central fuel assembly stand out by the
brilliance of their new structural pieces.

Fig. 3.1.2. View of the interior of the BR3 vessel at the end of the BR3/4C core loading.
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3.1.2. PLANT OPERATION

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

The load diagram for 1981 is shown on Fig. 3.I.3.; the particular features of the diagram are numbered and are explained
in Table 3.1.1. "Main events of plant operation with Core BR3/4B during 1981".

Values for typical parameters of plant operation are given in Table 3.1.2.

Among the works carried out during the first three quarters of the year, prior to restarting the plant, it should be mentioned
that 18 type "go" irradiated fuel assemblies were submitted to an intermediate examination on behalf of various fuel
manufacturers testing their products in BR3. These intermediate examinations include generally the removal of irradiated
pins, the rearrangement of the remaining fuel pins and the loading of fresh fuel pins according to a modified loading plan
for the assembly.

Fig. 3.1.3. BR3/4C -Load diagram 1981.
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TABLE 3.1.1.
Main events in plant operation with Core BR3/4C during 19S1

1 21.09.81 Core 4C first start-up and power increase up to 75 % of the plant nominal power
(PN : 40.9 MWth) according to the scheduled core 4C operation programme

2 25.09.81 Hot plant shut-down for adjustment of the primary pressure instrumentation
channels; during plant restart, an operator omission caused the reactor to scram by
a low pressure signal
Training period for Doel 3, 4 operation personnel
Training period for Doel 3, 4 operation personnel

During these periods, the operation power was limited to 60 % PN. At the end of the
2nd period, power was increased up to 79 % PN, according to the scheduled core 4C
operation programme
Power reduction for repair of a steam leak on turbine bleed line No. 3
Reactor scram and group trip caused by a reactor coolant pump trip due to an
operator error. Advantage was taken of this opportunity to locate a primary leak
inside the plant container; a leak was found on a safety injection check valve; the
plant had to be cold shut-down for repair
Hot plant shut-down for repair of small leaks on the main steam system and for
replacing of a feedwater pump packing. After re-start, the power was limited to 78 %
PN, according to the scheduled core 4C operation programme

Hot plant shutdown : nominal pressure and temperature maintained in the primary loop

3 05.10—09.10.81
4 12.10—16.10.81

5 27.10.81
6 10.11.81

7 03.12.81
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TABLE 3.1.2.
BR3/Core 4C -Operation results

1981

Gross electricity generation (MWh)
Net plant output (MWh)
Time connected to the grid (h)
Number of times uncoupled from and recoupled to the grid
(including training programme)
Equivalent Full Power Days [Full Power = 40.9 MW(th)]
Specific thermal energy, per metric ton of fuel (metal
equivalent), MWd/tM

. . . . / number of hours on the grid \
Availability • — :— — °?o

\ total number of hours in the period /

19,783
17,376
2,265

17

74
3,376

93.3

All these operations were carried out in the plant's storage well, using a dismantling facility now thoroughly tested and
which allowed during this campaign, to carry out more than 500 transfers of fuel pins without one single technical incident
that could have affected the characteristics of this experimental material.

Fig. 3.1.4. shows a general view of the submerged part of the dismantling facility in the plant's storage well: this, combined
with fuel assemblies designed to be dismantled, has brought about a noticeable increase in the interest for irradiation in
the BR3, including numerous examinations and removal of fuel pins during the plant shut-downs, at a cost much lower
than in a hot-cell.

fig. 3.1.4. Partial view of the BR3 irradiated fuel assembly dismantling facility.
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Parallel to these activities, the examination was continued of the six leaking pins identified by sipping at the BR3 in four
fuel assemblies unloaded from core BR3/4B [BLG 551]. After a first examination on site at the plant and transfer to the
hot-cells, these pins, together with non-leaking pins from the same fabrication batch and with a similar irradiation history,
were submitted to a series of non-destructive tests: visual examination, neutronography, metrology, gamma spectrometry
and eddy current examination. Further, two pins from the same batch, one leaking and the other non-leaking, were
submitted to complementary destructive tests.

It may be concluded that, up to now, the loss of tightness for the six fuel pins at the end of BR3/4B core life, is the result
of a penetrating oxydation of the Zircaloy cladding, oxydation which started at the external surface of the fuel pin. This
Oxydation is favoured by various factors, among which the concentration of dissolved elements in the primary water, and
local thermohydraulic conditions favouring the formation of deposits on the cladding appear to be the most important
ones.

Finally, an expertise on the state of the reactor vessel carried out at our request by the USNRC, in the framework of the
co-operation agreement on light water reactor safety between this organization and the Belgian Government, concluded
that the American safety regulations on this matter are respected.

3.2. LWR FUEL CYCLE PHYSICS
(J. Debrue, L. Leenders)

The development of experimental and theoretical methods is continued in connection with problems arising from handling
and storage of fuel assemblies. Safety evaluations were made for large storage facilities containing fresh or irradiated
assemblies. Updated Monte-Carlo methods were therefore implemented, allowing criticality and biological dose
calculations according to licensing procedures.

Non-destructive examination techniques have been applied to different types of fuels irradiated in BR2 and BR3, including
advanced LWR fuels. The complete under water examination system was put into operation for the first time in the BR2
channel (7 meter water depth). The same system with auxiliary equipment required for operation in the BR3 storage well
(11 meter depth) was tested. A systematical survey of BR3 fuel assemblies is being prepared.

3.2.1. VENUS CRITICAL EXPERIMENTS
(L. Leenders)

The preparation of a new series of experiments using 3.2 % 235U enriched pins has been started. The aim of these
experiments is to study the core-reflector interface, more particularly the pin-to-pin power distribution at the core
boundary and the fast neutron propagation outside the core up to the pressure vessel. The ability of the calculation methods
to provide correct values for the power rating in the corner fuel assemblies, taking into account the influence of the baffle
will be tested. More details concerning the pressure vessel studies are given in 3.5.

3.2.2. OUT-OF-PILE FUEL CYCLE
(Ch. De Raedt, L. Fouarge, G. Minsart, C. Van Bosstraeten*)

» CORAPRO

Various problems arise from fuel handling and testing before or after irradiation in power reactors. The first of these
problems concerns the storage of fresh fuel assemblies on the power station site: main storage and transit storage rooms
may contain a few (4 to 8) to several hundred assemblies, arranged in a square array and supported by various types of
structures. The walls of the storage rooms are made of concrete and the system is designed in order to avoid water flooding.
However, the safety criteria request to evaluate the multiplication factor (and thus the risk of criticality) in water at nominal
and at reduced density; it has been observed that the "optimal" moderation corresponds to a water density in the range
5 to 15 % of the nominal one.

The modelling of large complex geometries such as those realized in storages, including the structural materials and steel
casing around the assemblies, is best made in Monte Carlo programmes. The casing, if any, has an important eflect at low
water density : its thickness, its distance from the fuel, have to be properly taken into account; the neutron leakage and
the reflection from the concrete walls are also important parameters to be calculated.

The code system SCALE, developed at the Radiation Shielding Information Center (Oak Ridge, USA) with its three
associated multigroup cross-section sets (16 groups, 27 groups and 123 groups), has been made operational at
S.C.K./C.E.N. This modular system, containing the KENO-4 code (Monte Carlo) and the preprocessing parts of
AMPX-II, is designed for standardized computer analyses for licensing evaluation, in the framework of criticality and
fuel storage studies. Besides its flexibility, the code system SCALE is particularly useful due to its recognition as a
standardized procedure by the NRC. The test problems provided with the code system were successfully repeated and a
VENUS critical configuration was computed with two of the cross-section sets. SCALE has then been used for the analysis
of several types of fuel storage designs, such as those encountered on power station sites.

Another subject of investigation concerns the manipulation and the storage of irradiated fuels. The comparison of the
various calculation methods available at Mol to determine gamma doses in the surrounding of irradiated fuel assemblies
was continued.
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Following calculation schemes are used :

- DTF-IV, one-dimensional transport code (in S8 -P3 approximation) coupled with the EURLIB-III gamma library;
- MERCURE-4, three-dimensional Monte Carlo code for the integration of straight line attenuation point kernels;
- GAMDOS, three-dimensional integration code of straight line attenuation point kernels.

Besides the calculation of test cases (point sources with various energies, single fuel assembly in water), the loading of spent
fuel assemblies in a transport cask was considered. More particularly, the treatment of discontinuities in the protection,
including the reflection of gamma rays, was examined. In some cases, gamma rays reflected on concrete walls indeed
represent the most important part of the biological doses in the surrounding.

Finally, as part of an exploratory study, an estimate was made, with the aid of the MERCURE-4 code, of the dose rate
near an open storage area containing a number of modular iron transport casks with spent fuel elements. This solution
could be cheaper than the storage of spent fuel under water and presents similar safety characteristics.

3.2.3. DEVELOPMENT OF NON-DESTRUCTIVE FUEL EXAMINATION BY GAMMA SPECTROMETRY
(Ch. De Raedt, J.-L. Genicot, L. Leenders, E. Musyck, V. Willekens)

Measuring devices

- The new gamma scanning device designed for the BR2 hot cells has been ordered and its fabrication is going on as
planned. The main improvement will be an increase in the length of the fuel rods which can be examined and the
availability of a storage system allowing the continuous examination of a series of rods without the intervention of the
hot cell operators.

- For under water examination of PWR fuel assemblies and of BR2 irradiation rigs, the BATH YSCAN system has been
further improved. As it was used in the BR2 storage channel for the examination of the MOL 7C/3 experiment (see
par. 1.4.2.3.), the experience gained has been useful to prepare the device for the BR3 storage pool. The main adaptations
are:

9 manufacture of longer movement transmission axles, allowing to drive the system under 11 water depth instead of
7 m at BR2;

• manufacture of a fuel rig and positioning devices, according to the geometry of the BR3 subassemblies;
• positioning and check of the assembly-rotation device.

Since most of the mechanical parts are delivered, the BATH YSCAN system is being mounted and tested in the geometrical
conditions of the BR3 storage pool, with a test stand built in the BR1 hall as illustrated by Fig. 3.2.3.

Automation

An optimal operation of a gamma spectrometry equipment requires the availability of a central control unit, which controls
the motor-driven displacements of the mechanical device and the gamma measurements according to an input programme.
This central unit collects also the measurement data together with their geometrical and time co-ordinates.

All the necessary hardware devices were developed at the prototype level for this purpose, namely :

- a clock unit, giving ihe GM time, when asked by the user or by the central control unit;
- a serializer to be associated with any position encoder and allowing an optical data transmission;
- a working control, which is the interface between the mechanical device and the user or the central control unit.

The inputs and outputs of the micro-computer (FIMECA) were also examined, and, when necessary, made operational.

A prototype system will be assembled in the near future; it will be used with the existing gamma scanning mechanism of
the BR2 hot cells, during the manufacture of the series, in order to take benefit from operation in real conditions.

Data handling

Progress has be made in the calculation of complex fission product formations; in some cases, further improvement of
the BUPAC code appeared indeed necessary to reach a satisfactory precision.

A new formalism has been developed, which solves with matrix techniques a set of 23 differential equations, taking into
account 5 fuel isotopes and 18 fission products or intermediate nuclides. This formalism is particularly adequate for the
calculation of the formation of t54Eu, an interesting burn-up monitor.

The matrix calculation module has been programmed and tested on a simple case, taking into account the formation of
154Eu from the fission of 235U only. This module is now to be introduced into the BUPAC code, together with new options
allowing fission product calculations to be carried out with simplified irradiation data.

BURNOTHEQUE

The BURNOTHEQUE is a collection of irradiated fuel and cladding samples, calibrated in terms of burn-up or fluence,
in order to calibrate gamma spectrometry measurements.

In 1981, the BURNOTHEQUE was implemented with 2 LWR fuel samples and with 5 FBR-samples. With these samples,
it contains 57 samples representative for LWR (both PWR and BWR) and for FBR, covering a burn-up range of 10,000
to 80,000 MWd.f'.
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Fig. 3.2.3. The BATIIYSCAN device, for under water examination of .spent fuel,
as mounted and commissioned before use in the BR3 storage pool.

Typical working scheme for the TRIBULATION programme
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3.2.4. APPLICATION OF NON-DESTRUCTIVE EXAMINATION TECHNIQUES
(J.-L. Genicot, L. Leenders, V. Willekens)

In this paragraph, typical examples are given for the application of the techniques under development, pointing out
problems to be solved or requirements to be met.

A number of non-destructive measurements were carried out in the framework of the TRIBULATION programme (see
par. 3.1.). In this programme, fuel rods irradiated in BR3 up to 20 - 40 GWd/tM are submitted to a power tra»?ient in BR2
and again irradiated in BR3 up to 70 GWd/tM. The utilization of sibling rods and the application of non-destructive
techniques enables to assess and to follow the state of the fuel rods; a typical working scheme is given in Table 3.2.4.

BR3/B101 assembly

B101 is a dismountable assembly with the following characteristics : PWR 17x17 lattice without shroud and with Zircaloy
spacer grids. It contains U-, Gd- and Pu-rods and has been irradiated in the BR3/4A core up to an average burn-up of
34 GWd/tM. Out of the 28 examined rods, special attention was paid to the 8 U-rods, as they were candidates for the
TRIBULATION programme. Four of them were indeed selected as part of this programme, on the basis of the
non-destructive examinations. The burn-up of the rods has been characterized with respect to a reference to follow the
burn-up evolution at the various stages of the rod irradiations. Such procedure was demonstrated earlier with a BR3 rod
further irradiated in the BR2-P8 basket. Due to the central and unperturbed location of the B101 assembly, the axial shape
factors measured are typical for BR3 cores.

BR3/B31O assembly

B310 is a dismountable assembly with the same geometrical characteristics as the B101 assembly, except the repartition
of the U-, Gd- and Pu-rods inside the assembly. It has been irradiated in the BR3/4A and 4B cores up to an average burn-up
of 38 GWd/tM. Among the 28 rods, three U-rods were examined non-destructively with a view to be part of the
TRIBULATION programme. During the characterization of these rods by gamma spectrometry, local influences were
detected; they were induced by a dosimetry rig located close to the assembly during the 4B-irradiation campaign and by
the spacer grids of an adjacent assembly (spacer grids at other levels than for the examined assembly). In spite of these
local perturbations, the axial shapes obtained are very close to the ones obtained for the B101 assembly.

It has to be noticed that the Gd-rods of the B310 assembly were examined too. A programme, similar to TRIBULATION,
is indeed in preparation with a view to test the behaviour of gadolinium rods in high burn-up conditions.

BR3/B413, B416 assemblies

B413 and B416 are dismountable assemblies with the same geometrical characteristics as the B101 assembly, but
containing U-and Pu-rods only. They have been irradiated in the BR3/4B core up to an average burn-up of 20 G Wd/tM.
Two U-rods, unloaded from each assembly, were examined non-destructively in order to be part of the TRIBU LATION-
programme.

BR3/WESTINGHOUSH assemblies

Seventeen WESTINGHOUSE U-rods were examined non-destructively for the TRIBULATION programme. Four of
them were unloaded from the Wl, W2 and W3 assemblies, after irradiation in the BR3/4A core up to an average burn-up
of 16 GWd/tM. The other 13 were unloaded from the Wl R and W3R assemblies (R means reassembled and reirradiated)
after consecutive irradiations in the cores 4A and 4B up to an average burn-up of 35 GWd/tM.

Five WESTINGHOUSE fuel rods unloaded from the BR3/6G6 assembly were examined non-destructively. This
assembly was irradiated in the framework of the DOE-WESTINGHOUSE High-Burn-up Programme. The gross gamma
scans help to characterize the fuel rod behaviour. The following parameters are indeed deduced :

- total rod length (ai. a cross-check of the dimensional bench);
- fuel column length;
- densification gap detection and evaluation;

- distribution of the gross gamma activity (more or less equivalent to the burn-up distribution in limited conditions).

The examination of two fast reactor fuel irradiation devices has also to be mentioned.

MOL 7C/3 experiment in BR2
MOL 7C/3 is the third FBR safety experiment carried out in the BR2 reactor. As for the previous experiments, the loop
has been examined before dismantling; use was made of the complete B ATH YSCAN system for under water examinations.
The presence of fission products and activation products as detected in the sodium filter, are an indication of pin failure
with displacement of fuel and cladding material. The quantity of displaced fuel was more important for MOL 7C/3 than
for the previous experiments. More details are reported in par. 1.4.2.3.

MOL 7D experiment in BR2

The MOL 7D loop, irradiated in the BR2, was the first demonstration experiment of a fuel bundle, containing 19 FBR
fuel pins spaced by integral fins. Seven pins were examined non-destructively in 1980 by gamma spectrometry; the
corresponding results were analysed in 1981. Burn-up, power rate, epithermal and fast flux distributions inside the bundle
were deduced. More details on this experiment are reported in par. 1.3.3.
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3.3. FUEL BEHAVIOUR -TRIBULATION
(H. Nackaerts)

As increasing the average fuel discharge burn-up actually is commonly recommended by economic considerations, an
important effort has to be devoted to study the fuel behaviour under these modified operational target conditions. A
complementary aspect of this problem is related to the fuel behaviour which might be expected at high burn-up in case
when an earlier accidental transient has occurred in the power plant.

The TRIBULATION programme is directly linked to these considerations. It includes 48 fuel rods with various design
or fabrication parameters that are irradiated in BR3 up to 60 to 70 GWd/tM peak pellet burn-up and destructively
examined in order to analyse there in-pile behaviour. After an intermediary burn-up of approximately 40 GWd/tM, 23
selected fuel rods are submitted to fast transients in BR2 (ramp rates of about 7 %/second) so simulating accidental events
which could occur during the operation of a PWR. The main characteristic of the programme is that after the transients,
the fuel rods are being reirradiated up to 60 - 70 GWd/tM, after which they are destructively examined.

In 1981, most of the fuel rods, which were all irradiated to their intermediary burn-up of about 40 GWd/tM, were non
destructively examined. This included visual examination, metrology, neutron-radiography, gamma-scanning and eddy
current testing.

Also the irradiation devices to be used to perform the BR2 transients were made operational during this period. These
include the pressurized water capsule (PVVC), the control and calibration device (CCD) and the variable neutron screen
(VNS 2) to allow fast power transients.

Fig. 3.4.1. Shock resistance tests on grids.
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3.4. MECHANICAL TESTS
(J. Parent)

3.4.1. Shock resistance tests on grids

The previous tests made on small 5 x 5 empty grids, revealed that the test mechanism was not quite reliable and had to
be modified. After the necessary modifications and the strengthening of the anvil, the shock resistance tests started on 14
x 14 grids loaded with bits of tubes in each cell. The principal measurements are made with the fast Fourier Analyser
System. Among the parameters which are observed, the most important are: the velocity of the impact mass just before
(Vo) and after (V,) each shock, the deformation of the grid, especially the lateral deformation, the number N of impacts
for a given velocity Vo.

The restitution coefficient of the grid (Cr = -V^Vp-1) is very indicative for the grid behaviour, mainly after the first shock
at a given Vo. Its evolution versus the impact velocity is quite important and clearly shows when the permanent deformation
appears. This can also be deduced from the evolution of the lateral deformation versus the impact velocity.

Since the impact mass used for the tests is known, a modification of the grid behaviour corresponds to a variation of the
energy absorbed by the grid. The study also shows that even for an extreme deformation, the grid maintains the cells in
good condition to position all the rods correctly.

3.4.2. FUEL ASSEMBLY VIBRATION TESTS

The vibration tests on the PWR fuel assembly RCC 14x14 using the Fourier Analyser system, are made with an excitation
given by the vibrator acting on one of the four intermediate grids of the fuel assembly.

A "periodic chirps" process, i.e. a fast sweep of frequency in relation with the opening time for the Fourier Analyser
measurement, is the most convenient sine excitation type which is used. At the top of the assembly, a vertical force given
by four springs is adaptable for various tests. Nine accelerometers are used : four are mounted on the intermediate grids,
five on the mid-points of the spans.

Five resonance frequencies are observed in the range from zero to 50 Hz, but they only concern the first four vibratory
modes. The third mode seems to be given by two different frequencies. One of them is true, but the other is certainly a
parasistic resonance, probably coming from the supporting frame.

The future tests will be made to determine exactly the resonance modes of the assembly. Furthermore, the influence of
the vertical spring force and the shaker force on the vibratory behaviour will be examined. The damping factor for the
principal resonance modes and the principal excitation cases will also be evaluated.

Fig. 3.4.2. Fuel assembly vibration tests (experimental set-up and data handling).
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3.5. PRESSURE VESSEL STUDIES

3.5.1. RESEARCH AND DEVELOPMENT DOSIMETRY
(A. Fabry, J. Debrue, Ph. Van Asbroeck, G. De Leeuw-Gierts, S. De Leeuw, L. Leenders, G. Minsart, H. Tounve)

The programme objectives are:

- to improve LWR pressure vessel surveillance dosimetry and transport theory analysis (neutronic lead factors, gamma
heating);

- to validate projected in-vessel neutron embrittlement behaviour for a reference steel (C0CKER1LL A 508 cl. 3) and
for other Belgian service steels;

- to implement and verify an applied capability for structural integrity analysis of reactor pressure vessel beltlines.

Validation of transport theory methods

The computational method adopted for calculating absolute neutron flux levels and spectra throughout the reflector and
structural components up to inside PWR pressure vessels has been validated by the series of experiments in the PCA
installation at Oak Ridge. Much of this work was reported mainly from 1979 to 1980 [23] and is documented in final detail
[13]. The experimental and theoretical analysis of an additional configuration PCA 4/12 SSC (containing a large "slab
surveillance capsule" SSC) has been essentially completed. This is a mock-up of the metallurgical irradiation facility at
the ORR test reactor, for which an international low and high power neutronic characterization has also been achieved
(see below). To be highlighted here is the successful application of French, British and Belgian damage monitors, an
example of which is illustrated by Table 3.5.1.a. for the MOL silicon p-i-n diodes in PCA 8/7. Such data give confidence
in the good definition of steel exposure parameters (dpa).

The same theoretical analysis has been applied for the study of flux perturbations, due to the presence of commercial
surveillance capsules in the water between the thermal shield and the pressure vessel. Two typical WESTINGHOUSE
surveillance capsules (much smaller than the test capsule in PCA 4/12 SSC) have also been exposed in the PSF 4/12
configuration at the ORR and the measured values (perturbed and unperturbed reaction rates of 93Nb(n,n'), 58Ni(n,p),
54Fe(n,p), 45Ti(n,p),...) were compared to the calculated results (see Table 3.5.1.b.). The agreement between experiment
and calculation is better than 5 % for all sensors except 93Nb(n,n'). It is also seen that surveillance capsule perturbations
cannot be neglected in the analysis of power reactor lead factors.

TABLE 3.5.1.a.
Comparison of measured and calculated silicon-to-rhodium spectral indices

Calculation/Experiment
(Si Fission flux/Rh Fission flux ratios)

Location for neutron spectrum defined by

Transport theory 6Li(n,a) spectrometry

TSF 1.09
TSB 1.09
1/4 T ' 1.12 1.07
1/2 T 1.07 1.01
3/4 T 1.19 1.09

TABLE 3.5.1.h.
Influence of surveillance capsules on the neutron field in LWR water reflectors : unperturbed to perturbed reaction rate ratios

Dosimetry

^Np(n ,0
93Nb(n,n')

238U(n,f)
5»Ni(n,p)
54Fe(n,p)
46Ti(n,p)
«Cu(n,a)

0 ( > 1 MeV)
0 (> 98keV)

M

0.756
0.833
0.852
0.919
0.887
0.971
1.042

0.800
0.756

TSB

r, (%)

2.4
3.5
2.9
1.6
2.0
0.8
1.5

5.7
5.7

Position'11'

C

0.781
0.786
0.853
0.919
0.928
0.975
0.990

0.798
0.753

C/1V1

1.03
0.94
1.00
1.00
1.05
1.00
0.95

1.00
1.00

M

0.895
-

0.962
0.936
0.978

-

0.851
0.803

PVF

G (%)

1.4
-

1.2
2.1
1.7
-

7.6
7.6

Position'-'»

C

0.830
0.821
0.879
0.931
0.937
0.976
0.990

0.824
0.779

C/M

0.92
-

0.97
1.00
1.00

-

0.97
0.97

(a) Westinghouse-type surveillance capsules at the thermal shield back (TSB) and pressure vessel front (PVF) locations of the PSF 4/12 configuration; the
unperturbed measurements are done in miniature microtubes at neighbouring water locations and are corrected for gradient elTects.
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Fig. 3.5.1.a. Section cut of the BR3 reactor, with the positions of measurements HF 4 and TC-A.

The application of the method has been extended to a real plant, the BR3 at Mol. A detailed two-dimensional model of
this reactor was set up in R<I> geometry (Fig. 3.5.1 .a.) and several cycles were analysed. The validity of the computed spectra
and flux levels was checked against measurements performed during the reactor operation (see Table 3.5.I.e.). The
calculations agree with the measurements at position HF, if one takes into account the uncertainty on the input data (power
distribution and neutron sources); the discrepancy at position A, roughly at 12 cm from the core boundary, requires
additional investigation. Similar calculations sponsored by the Electric Power Research Institute (EPRI), agree with the
present ones to within better than 10 %.

The experimental validation of gamma-ray flux and spectra predictions is important also :

1) to understand better gamma-heating in core internals, surveillance capsules and the vessel wall itself;
2) to apply appropriate corrections to the response of neutron dosimeters for the interference of photon-induced reactions,

such as (y,0 and (Y,Y')-

TABLE 3.5.1.C
Comparison of measured and calculated ßux values at two locations in the radial reflector of BR3

Cycle

4 A
4 B
4 A
4 B

Position*3)

HF
HF
A
A

Flux >

Measured

1.01 x 10"
1.01 x 10"
1.45 x 1012

1.70 x 1012

1 MeV (n/cm2.s)(b>

Calculated

1.09 x 10"
1.15 x 10"
2.24 x 1012

2.44 x 1012

Calc.
Meas.

1.08
1.14
1.54
1.44

(a) See Fig. 3.5.1.a.
(b) At full reactor power, averaged over the considered core cycle.
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TABLE 3.5.1.d.
Comparison of measured and calculated gamma-to-neutron ratios

for reference exposure locations in the PCA 4/12 SSC mock-up of PSF

Gamma-ray energy deposition
Nickel fission flux

Location (mrad/h steel/cnv-.s"1) C-E
E

Measured Calculated (%)

4/12 SSC 1.69 E-2 1.83 E-2 + 8.3
1/4 T 1.97 E-2 1.74 E-2 - 12
1/2 T 1.33 E-2 1.22 E-2 - 8.3
3/4 T 1.17 E-2 1.34 E-2 + 14.5

VB — 6.78 E-2

Using a careful selection and pre-irradiation methodology of 7LiF thermo luminescent dosimeters (TLD), coupled to
calibrations with a 60Co source, the accuracy of gamma dose measurements has been improved. On this basis, TLD's were
irradiated in the PCA 4/12 SSC in order to check calculated gamma dose over neutron flux ratios at several locations.
As can be seen from Table 3.5.l.d., the theoretical and experimental results are in satisfactory agreement.

In order to validate, in the future, the reactor codes in the large Belgian power plants, extensive dosimetry measurements
were completed at the outside of the TIHANGE I pressure vessel at four azimuthal locations and over the total height
of the reactor core. Similar measurements are in progress in the DOEL plants.

Validation and calibration of LWR dosimetry methods

Dosimetry techniques applied in LWR reactors need to be validated by irradiations in benchmark fields and through
intercomparisons with other laboratories.

Dosimetry measurements were carried out in the PSF 4/12 SSC pressure vessel metallurgical test mock-up. A 18 day high
power run (30 MW) was organized to provide initial characterization of the ~ 2 year steel in-vessel irradiation (supported
by the USNRC).

Different European and U.S. laboratories have participated in these measurements: S.C.K./C.E.N.-Mol, AEE-Harwell,
ECN-Petten, PTB-Braunschweig, RR & A-Derby, HEDL-Richland. Neutron flux ratios at the 4 different measurement
positions in the LWR mock-up and for different types of neutron detectors are shown in Fig. 3.5.1.b. One-dimensional
AN ISN and two-dimensional DOT calculations were considered to calculate these neutron flux ratios. Some data obtained
at low reactor power (20.7 kW) are also shown in this figure. One can conclude that:

- the low power PSF data are in good agreement with the high power PSF data;
- the considered 93Nb(n,n') and 63Cu(n,a) cross-section data are overestimating the detector responses. The overestima-

tion for 63Cu(n,a) is of the same order of magnitude in the different neutron spectra. The overestimation for 93Nb(n,n')
becomes more important in softer neutron spectra. The cause of this phenomenon is apparently the non-adequate shape
of the 93Nb(n,n') cross-sections used;

- the consistency of the neutron flux ratios decreases when going deeper inside of the pressure vessel simulator. The
tendency is the same for both types of calculations : ~ 15 % spread in the SSC position against ~ 25 % in the 1/2 T
position, when excluding 93Nb(n,n').

Comparison with the PCA 4/12 SSC low power configuration reveals some differences traceable to cooling gaps and ducts
in the metallurgical SSC which are not simulated at the PCA. Zero-power dosimetry mock-ups need to c'.osely duplicate
high power test rigs, if accuracies of ± 10 % are sought for.

Measurements were also carried out in a core and reflector position of the FRJ-2 reactor at Jiilich in collaboration with
KFA-Jiilich, HEDLand RI. The reaction rates measured at MOL are compared with "calculated" reaction rates in Table
3.5.I.e. The calculated reaction rates are based upon neutron spectra unfolded by KFA-Jiilich. The unfolded neutron
spectra were obtained by performing low power measurements in FRJ-2. Table 3.5.I.e. shows that the agreement is better
than 10 % in the core and better than 20 % in the reflector.

Status of steel irradiation and testing programme

The study of irradiation embrittlement effects has so far focused upon the base metal from the forging shell of the DOEL
4 Integral Vessel (COCKERILL). The irradiation programme for this SA 508 cl.3 material is well advanced, with 10
complementary exposures of Charpy-V and tensile specimens completed or nearing completion. Only one of these capsules
has been tested so far, at the US Naval Research Laboratory. As reported in Table 3.5.1.f., the cv data have been analysed
by a non-linear optimization technique incorporating the hyperbolic tangent formulation developed for EPR1. It is
interesting to comment that for the low copper and phosphorus (0.05 and 0.007 wt.%, respectively) but high nickel (0.74 %)
chemistry of this metal, the transition temperature change under the considered accelerated exposure conditions is
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significantly less than predicted; this supports the views that steel irradiation sensitization by nickel is synergetic with
copper and is not a stand-alone effect. It is expected that testing and analysis of the 9 remaining capsules will provide a
complete metallurgical trend curve for this material and, at least in an engineering perspective, some insight into the
influence of different neutron flux levels and neutron spectra on the embrittlerrient of this highly stable heat, as compared
to their influence on more radiation sensitive ones.

Further irradiations, presently at the planning stage, are aimed at the characterization of welds from this and other Belgian
steels.

TABLE 3.5.1.e.
Comparison of measured and calculated reaction rates in FRJ-2

Reaction
FRJ-2 reaction rates C/M

core/rig 1 core/rig 2 reflector/rig 1 reflector/rig 2

2"Np(n,f)
238U(n,f)
»Nb(n,n')
5«Ni(n,p)
54Fe(n,p)
*Ti(n,p)
<-'Cu(n,a)

1.01
1.07
0.96
0.92
0.96
0.92
1.10

0.99
1.06
0.92
0.79
0.93
0.90
1.10

0.88

1.19
0.69
0.80
0.79
0.86

1.06

1.19
0.74
0.82
0.81
0.92

TABLE 3.5.1.f.
Summary of Charpy-V impact test results for advanced and reference base metal RPV steels

irradiated in the PSF simulated surveillance capsules SSC-1 at ORNL

Type of data
at irradiation temperature: 550°F
at neutron fluence > 1 MeV: 2.6x1019 (cm"2)

Fit(b) to measurements'0': Indexation
at 30 ft.lb

50 ft.lb
0.89 mm lateral expansion

Prediction : Reg. Guide 1.99 rev. 1

n T

A 508 cl 3
(Cockerill Forging)

22.1 ( ± 1 9 )
21.8 (± 12)
27.0 (± 11)

64.5

(°F)«»

A 533B cl 2
(HSST Plate 03)

no

124

169

(a) Upper shelf drop: undetectable, including at 550° F.
(b) Ph. Van Asbroeck et al. (to be published).
(c) Work done at the Naval Research Laboratory. The specimens were e\tr.icted from symetrical layers at the quarter thickness of the experimental coupon

with their V-notches directed along the tangential radial face of the forging; this is the weak-link direction, as the main working direction during hydraulic
press forging was tangential to the shelf ring.

Application of pressure vessel beltline structural integrity analysis and related reactor physics work

This task addresses the licensing requirements relative to the fracture toughness of irradiated vessels, as defined by the U.S.
Code of Federal Regulations 10 CFR 50 Appendix G, and adopted in Belgium. The emphasis is on :

1) implementing rapidly the capability to apply new regulatory guides and ASTM practices presently under significant
evolution;

2) identifying and assessing in a timely and efficient manner, any safety issue susceptible to arise in power plants under
operation, and, if needed, develop mitigation strategies (such as reduction of peak vessel exposure by core management
methods).

For protection against vessel failure by tearing instability in the ductile regime, the upper-shelf energy absorbed in the
Charpy-V impact test is now explicitely requested to exceed 50 ft.lb (67.8 Joule), and an engineering elastic-plastic fracture
mechanics analysis method (referred to as USNRC Task Action Plan 1-11, Report NUREG-0744 "Resolution of the
Reactor Vessel Materials Toughness Safety Issue") has recently been advanced, which is reasonably conservative for
evaluation of the actual safety margins under normal criticality operation and upset transient loads (its application to
accidents is still debatable and forms a current research topic). The method allows to take advantage of the enhancement
of fracture toughness inherent to stable crack growth, as measured by the J-integral resistance (J-R) unloading compliance
testing of compact tension specimens, and as expressed by J-integral versus tearing modulus diagrams, as shown on Fig.
3.5.I.e. for the BR3 vessel beltline conditions under three hypothetized Charpy-V upper shelf energies and for two
postulated flaws. The main conclusions of this BR3 tearing analysis (documented in detail) are:
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1) for ASME I oi more conservative vessel designs (BR3), the older implicit regulatory requirement, set at 30 ft.lb rather
than at 50 ft.lb, does not seem unreasonable; this is because the stress levels corresponding to these dimensions are low,
implicating comparatively large limiting pressures (Table 3.5.1.g.);

2) for modern vessels (ASME III), it appears most warranted to develop improved ductile fracture instability criteria valid
under extensive stable crack growth.

Fig. 3.5.I.e. BR3 tearing instability diagram.

2500
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"Leak-before-break " flaw
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Material curves for

Cv-Upper shelf of:
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35ft-lb

Tearing rnodulus T
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TABLE 3.5.1.g.
Geometrical characteristics and safety performance ratio for current reactor vessel designs

Vessel type

ASME I
ASME VIII
ASME III
BR3
Reference

Inner radius

(typ.)

54.5"
77"

110"
29.1"
86"

Thickness (w)

(typ.)

8.25"
10.63"
10.88"
4.37"
8.5"

r
w

7.11
7.74

10.61
7.16

10.62

Safety
performance (a)

ratio

1.52
1.23
0.88
2.07
1 (b)

(a) Limiting pressure relative to reference model, according to the relation (b) Normalization
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Regulatory protection against brittle failure is presently embedded in the pressure-temperature heat-up and cool-down
limitations, the derivation of which is straight forward once the material unirradiated nil-ductility temperature and the
irradiation-induced shifts have been established. It is however likely that additional requirements will evolve from current
concern and extensive research related to the possibility of pressurized thermal shock resulting from overcooling accidents,
in particular the runaway feedwater transient (experienced at Runcho Seco) and the main steamline break accidents.
Co-operation with the USNRC has been enlarged to consider this potential threat, with the following main achievements
already to be mentioned :

• Implementation and initial application of OCA-1 "A Code for calculating the behaviour of flaws on the inner surface
of a pressure vessel subjected to temperature and pressure transients" [Report NUREG/CR-2113 by
S.K. ISLANDER, R.D. CHEVERTON and D.G. BALL];

• Agreement for further metallurgical irradiations, encompassing the assessment of annealing recovery and
re-embrittlement behaviour for a selected Belgian welding:

• Agreement for joint experimental and analytical investigation of a PWR engineering mock-up at the VENUS critical
facility. This entails the simulation of a PWR core interface with the baffles (shroud), barrel and thermal shield (pad)
and encompasses the following central objectives :

- assess the accuracy of calculated fuel ratings in the outer core rows and of calculated azimuthal fast flux traverses
(dominant lead factor uncertainties since the PCA benchmarking effort has been completed);

- assess management reduction schemes of in-vessel peak fluences;
- assess gamma heating in the core baffles, formers and the barrel.

3.5.2. PRESSURE VESSEL SURVEILLANCE OF BELGIAN POWER PLANTS
(Ph. Van Asbroeck, P. De Regge, J. Ketels, J. Pelsmaekers, T. Ryinen, H. Tas, H. Tourwe, VV. Vandermeulen,
J. Van de Velde, G. Van Loon)

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 mechanics), metallographical examinations, measure'TierUs on fluence temperature monitors and
chemical analyses. Impact specimens were tested on a Tinius-Olsen 300 J machine, the temperature being accurate to within
3°C. The tensile tests were carried out in an argon atmosphere on an lnstron TTDM-L machine. The new hot cell facility
has been put in operation and instrumented impact tests and W.O.L. fracture mechanics tests were carried out. Regarding
the DOEL 1 and 2 reactors, the results on temperature and neutron dose monitors, transition temperature shifts and tensile
properties of the DOEL 1 second capsule have been reported. Work was mainly centered on a metallurgical study of the
three capsules already examined, to correlate the observed mechanical properties of the irradiated samples, their
metallurgical characteristics (fabrication, composition, microstructure) and their irradiation conditions.

Regarding the TIHANGE 1 reactor, chemical analysis on irradiated samples were carried out.

3.6. SAFETY RELATED RESEARCH
(M. Decreton)

Experiments have been conducted on boiling phenomena and critical heat flux. The main emphasis has been put on the
measurement of two phase flow parameters in transient states, such as temperature jumps, void fraction and phase
velocities. An experimental small-scale test apparatus has been set up for the evaluation of measurement methods.

In particular, thermocouple pairs have been used to detect transients and to deduce the phase voidage and velocity patterns.
The analysis has been carried out with a computerized Fourier Analyser. A comparison has been made with other
measurement techniques such as conductivity sensors and fiber optic probes, and the results are shown to be very
satisfactory.

3.7. INSTRUMENTATION

Noise Thermometry
(M. Decreton, L. Binard)

The noise thermometer, using the electronic noise generated in a resistor, has been further developed in order to increase
its mechanical reliability and high temperature resistance.

High-temperature tests were conducted and have shown the error range to remain smaller than 0.5 %.

An automatic micro-processor controlled measurement procedure is presently being studied and will allow the
temperature to be directly displayed in physical units, without any further conversion.
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Chapter 4

REPROCESSING, WASTE TREATMENT, FUSION AND
SAFEGUARDS

4.1. REPROCESSING
(L.H. Baetsle)

The project suffered severely from the delay in decision with regard to Eurochemic. The main lines of development have
nevertheless been continued : dissolution experiments on UO2-PuO2 fuel on 500 g scale, off-gas purification technology,
tritium isotopic exchange separation from effluents, Ru capture from vitrification off-gases, and finally, design and
construction of HERMES I facility (Head-End facility for Reprocessing studies on Mock-up Engineering Scale).

The solubility tests on 500 g scale have been completed by an extensive analysis on all streams resulting from the
experiments. In the best conditions, a dissolution residue of 6.5 % Pu remains when mechanically mixed oxides are to be
dissolved. Further development of a superdissolver concept is required.

The integration of the 25 Nm3.lv1 loop is mechanically finished and consists of a 101 mock-up dissolver, a DEOXO unit
coupled to an electrolyser as hydrogen source, a drier with internal regeneration and a cryogenic distillation unit for Xe-Kr
trapping and separation. The DEOXO unit, essential unit for the integration, was delivered and connected to the
surrounding equipment. An explosion with hydrogen in the analytical outfit delayed the effective start of the operations.

The negotiations with KfK on HERMES I and its possible extension with a facility for liquid-liquid extraction
HERMES II) were temporarily stopped awaiting the decision with regard to Eurochemic.
As a consequence, the equipment ordered end of 1980, i.e. the pin chopper and the dissolution vessels are being constructed,
but no further orders were placed.

The design crews continued to work on the lay-out of the periphery around the dissolver cell and on some general
equipment.

The work on tritium separation in the framework of the CEC indirect programme continued successfully and results from
1500 h runs have confirmed the previous data obtained with the 1.4 kW unit. Based on these results, a pilot scale unit of
80 kW is being built with a throughput of 1.4 1 water per hour and a total tritium inventory of 1000 Ci.

In support to the PAMELA project, mock-up vitrification experiments were carried out in a laboratory size furnace with
a capacity of 1 kg glass and using 103Ru tracer. The main result obtained was the evidence that ruthenium species escaping
from the furnace behave as solid aerosols and can be trapped in a sequence of washing towers. No special cartridge for
RuO4 is required and, as a consequence, this unit has been cancelled in the demonstration pilot PAMELA.

In addition to the aerosol trapping experiments in the framework of the PAMELA project, a small research project was
set up aiming at the characterization of aerosols and the behaviour of metallic fibrous filter materials as a function of the
aerosol diameter.

4.1.1. HEAD-END STUDIES

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

A quantity of 852 g fuel irradiated in DFR to a burn-up of 5.3 % FIMA has been cut in pieces of 2 cm length and dissolved
in 10 M nitric acid during 7 h.

The residue was treated during 4 h with 10 M nitric acid. After dissolution, 183 g hulls were recovered from the initial
191 g. The total residue amounts to 28.10 g or 4.2% of the initial fuel weight. 80% of the residue was collected in the
dissolver bottom but 20 % sticked to the hulls and was only removed after ultrasonic cleaning. On a weight basis, the residue
consists of 30 % UO2,42 % PuO2 and 28 % fission products, mainly noble metals as indicated by l06Ru-Rh and l25Sb. The
uranium in the residue amounts to 2 % of the total quantity; the plutonium amounts to 6.2 %.

In the first step, 91.9 % of the uranium and 85.3 % of the plutonium were dissolved. Treatment with fresh acid resulted
in the dissolution of an additionnal 6.1 % U and 8.17 % Pu.

The distribution of the fissile material and some fission products is given in Table 4.1.1.1.
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TABLE 4.1.1.1.
Distribution of fissile material and fission products in the dissolution experiment SPC II (in %)

First dissolution
Second dissolution
Residue
Ultrasonically
removed residue
Hulls
Wash liquors

U

91.9
6.1
1.6
0.4

-

Pu

85.3
8.2
5.0
1.2

0.3
0.01

'•"Ce

89.1
6.9
3.3
0.6

0.11
0.01

137Cs

65.2
30.6

3.3
0.8

0.12
0.01

l34Cs

64.8
30.5
3.7
0.9

0.16
0.01

"K-Ru-Rh

32.0
11.9
38.6

9.1

8.2
0.32

Although plutonium is completely dissolved when residues are treated with hydrofluoric acid, it is important to realize
that the plutonium recovered in this way still contains about 30 % of the total l()6Ru-Rh and t25Sb present in the fuel.
Typically 50 % of the residue does not dissolve in the nitric-hydrofluoric acid mixture and has to be removed from the
solution by filtration or centrifugation.

The partial dissolution of the cladding, particularly during the second dissolution step using fresh 10 M nitric acid, has
been attributed to partial carburization of the stainless steel during the irradiation in DFR. Indications have been obtained
that the carbon concentration during the irradiation was sufficiently high to cause this effect. Dissolution of unirradiated
stainless steel samples and samples irradiated under sodium in BR2 and RAPSODIE remains at less than 0.3 %. Tests have
been carried out on ferritic steel samples to ascertain their behaviour during fuel dissolution. A weight loss of 0.3 % to
0.4 % was observed after 6 h boiling in 8 M nitric acid.

4.1.1.2. Clarification of the dissolver solution
(D. Huys)

Cold tests have been carried out with the NCT ultracentrifuge to simulate the conditions for liquid clarification from the
0.5 kg dissolution tests. Removal of solid particles from the solution proceeds according to design data, but the recovery
of the insolubles from the centrifuge for subsequent treatment causes considerable difficulties and is not quantitative for
small amounts of residues. Improvement could be obtained by modifying some design characteristics of the bowl and
particularly the outer containment vessel and its piping connections. Even after ultrasonic cleaning of the bowl, 2 to 5 g
of residues remain trapped in the equipment.

4.1.1.3. Development of a superdissolver concept
(L. Vandevelde)

The extraction of fluoride up to 97 % from 10 M H NO, and 0.1 M H F solutions with silicagel was demonstrated previously.

In the presence of actinides, however, about 10 to 20% of the heavy metals remain adsorbed on the silicagel during the
filtration step.

Uranium can easily be removed, without affecting the fluoride extraction yield, by washing the silicagel with an equal
volume of 10 M HNO3. In the presence of plutonium, however, about 25 % of the fluoride is found in the filtrate whilst
17 % of the plutonium is adsorbed on the silicagel. Washing with two equivalent volumes of 10 M HNO3 removes the fixed
plutonium, but extracts simultaneously another 2.5 % of the fluoride.

Further experiments are required to optimize the operational parameters.

4.1.2. PURIFICATION OF REPROCESSING OFF-GASES
(W.R.A. Goossens, G. Collard, L. Geens, C. Parmentier, J. Vaesen)

Research on nuclear off-gas treatment was further focused on the technological development of the techniques tested in
the 25 n^.h"1 gas purification demonstration loop GAS-TON and on the conditioning methods of the resulting effluents.
The wet section of this demonstration loop consists of a batch type dissolver with scrubber and iodine trapping devices.
In a second section, the off-gases are conditioned for cryogenic working conditions by eliminating nitrogen oxides, oxygen
and water vapour. The third section is operated at cryogenic temperature, to trap noble gas in a first distillation column
and to separate krypton and xenon in a second distillation column.

4.1.2.1. Results obtained in the wet section

The experimental work was concentrated on the technical development of the final conditioning process for saturated
Mercurex solutions. The process consists of neutralization with hydrazine, electrolysis on a mercury cathode and
precipitation of the iodine as cuprous iodide, followed by filtration.

An installation on 101 scale has been designed, based on the results of previous laboratory experiments. A glass equipment
has been ordered and was built. Demonstration of the feasibility of the process is planned for 1982.
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A cost estimate for the Mercurex process with the final conditioning step indicated that the Mercurex process is about
25 % cheaper than a reference process for iodine trapping based on caustic scrubbing.

4.1.2.2. Results obtained in the conditioning section

The deoxo-unit, the related electrolyser and their interconnections have been assembled and mechanically integrated in
the whole loop. The various parts and their peripheral components have been tested separately under inert conditions.
During the calibration of an on-line monitor for hydrogen, a hydrogen leak occurred inside the box of the monitor, causing
a local accumulation of hydrogen. This accident delayed further reception of the deoxo-unit due to the long delivery time
of a new hydrogen monitor. In the meantime, runs under inert conditions of the deoxo-unit have been started. Reception
tests on the catalytical destruction of oxygen with a dosed hydrogen stream are planned for next year. A general view of
the installation is shown on Fig. 4.1.2.2.

The related 80 kW electrolyser has been commissioned during various short runs demonstrating its technological
possibilities. It appears that this unit works better under uninterrupted continuous conditions, in order to avoid minor
operation difficulties which can imply sometimes elaborate interventions.

Selective removal of nitrogen oxides from an air stream is still investigated, in collaboration wit'.i K.U. Leuven, where a
new type of catalyst is presently being tested under laboratory conditions.

4.1.2.3. Results obtained in the cryogenic section

No test was performed with this unit. It has been started twice for short working periods, in order to demonstrate the
reliability of this technology even after long periods of inactivity. No further problems were encountered during these tests.

An analysis of the impact of oxygen inside the cryogenic distillation unit is under way.

The inhibition of the ozone formation on one hand and the reduction of its accumulation on the other, is presently studied
in collaboration with K.U. Leuven. The preliminary results of this study justify a reactivation of the study on the selective
destruction of nitrogen oxides contained in air.

Fig. 4.1.2.2. Overall view of the DEOXO unit designed to reduce the oxygen level in off gases.
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4.1.3. HERMES PROJECT
(L.H. Baetsle, G. Collard)

Official negotiations were continued with German organizations, in particular KfK and DWK, in order to set up a joint
German-Belgian venture capable of constructing and operating a pilot size R & D plant for reprocessing of plutonium
bearing fuels. Nevertheless, these negotiations have been suspended awaiting a decision about the future of reprocessing
in Belgium.

4.1.3.1. Design and construction of hot cells
(F. Gorle, R. Harnie, E. Collignon)

The concrete casting of the movable walls and roofs of cells C, and C2 is finished. The mounting of lead walls of cells C3

and C4 in the cellar as well as those of the storage pits in the cell C] are also finished.

The construction of the a box C4 is going on. The construction drawings of the a. box C3 are finished, while a box C2 is
still under study.

The lock between Ct and C2 has been designed with its transfer and locking systems.

4.1.3.2. General flow-sheets
(L.G. Geens*, J.J. Mertens*)

* Eurochemic

After discussion with potential German partners, the flow-sheets of the HERMES II part (for liquid-liquid extraction)
of the project has been reviewed. Among others, the use of hydroxylamine nitrate as reducing agent for 2uIVPu has been
examined. Alternative flow-diagrams are being studied in order to integrate the project in the existing peripheral utilities
e.g. for aqueous and organic waste treatment. These alternatives will be worked out in 1982.

4.1.3.3. Mechanical operations
(J. Broothaerts, F. Gorle, R. Harnie, J. Sleurs, T. Van Ransbeek)

The second prototype chopper and its magazine are being constructed. Delivery is expected in the second quarter of 1982.

The prototype diverter to be used for the distribution of chops between the cells C, and C2 and the sampling device for
chops, is under construction. The sampling device has been designed.

The vibrating grinder, "Vibratom", has been delivered and is being tested with simulated fuel chops. Although the process
is slow, a good separation can be optained between hulls and filling material when forged steel balls are mixed with the
chops. This study is going on.

While the market survey was continued in order to choose a press type in the framework of the CEC study of the

conditioning of hulls by embedding into a lead matrix, a small press was constructed and cold tested. The press will be
tested in active conditions in 1982.

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

Cold tests have been carried out either on delivered equipment or on prototypes. Compressors of the secondary gas
purification system and valves have been commissioned. Samples of Incoloy piping and plates to be used for the
construction of the equipment have been analysed as well.

Miscellaneous prototype equipment has also been studied and adapted or is still under study. The centrifuge for the
clarification of dissolver solutions has further been tested and has been adapted for use in a hot cell with actual LMFBR
solutions. Parametric tests of air lifts at atmospheric and lower pressures led to minor modifications in the drawings of
separation pots. Tests of the ultrasonic separation of leached hulls and insoluble particles in different configurations of
equipment led to the design of a prototype, which will be ordered in the first quarter of 1982.

Cryogenic valves cooled with CO2 for the C2 cell have also been tested. A long duration test of a liquid ring pump of the
type to be used for recirculation of scrubbing solutions in C2 has run for more than 13,000 h.

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

No major progress has been made in the lay-out of the cell C] because of the difficulty in the lay-out of heavy equipment
e.g. the 300 t press for hulls conditioning.

Mock-up equipment of cell C2 at scale 1/1 has been mounted in the vicinity of the HERMES facility. All the mock-up
pieces of equipment, including the sampling devices and the whole piping, have been mounted with exception of the
ultrasonic cleaner for leached hulls. Some additional pieces of infrastructure such as filters and prefilters or special tools
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such as movable tables have also been placed in the cell. Replacement of plugs on a circular distribution panel has been
tested in this mock-up cell (Fig. 4.1.3.5.). Detailed description of the mounting procedure will be done in the first hnir nf
1982.

An articulated "jib arm", sustained by the roof of the cell, has been chosen for the handling of heavy equipment inside
the cell and will be designed in 1982.

The construction of the circulation pumps for the scrubbers of C2 with their peripheral pipes and valves are being mounted
in a mock-up space representative for C3. They are mounted in such a way that the scrubbers of C2 will be tested when
the construction will be completed.

The lay-out of the chopper and its magazine in the chopper cell (Co) as well as the lay-out of the cell itself and the liquid
blister cell C5 on the roof o?Cx-C2 is in its preliminary phase.

General lay-out of the peripheral cells and auxiliary equipment will be reviewed when a final decision will be taken about
the extension of the project to HERMES II.

Fig. 4.1.3.5. Mock-up of the equipment to be installed in the ditsolver hot cell Cj. The mock-up has been realized at scale I/I in plastic tubing.
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4.1.3.6. Analysis and instrumentation
(P. Dc Regge, J. Vaesen, F. Ven)

Due to other priorities, the construction of the analytical cell has been delayed.

Measurements have been carried out with a low energy photon detector to investigate the possibilities Tor measuring I2'M
at the different ofT-gas sampling points in the HERMES pilot plant.

The detection limit for typical conditions is about 0.5 Bq. Interference of main fission product activities has been studied.
137Cs, l06Ru-Rh and t44Ce do not interfere with the measurement up to activity ratios of 30: 1. On this basis,
decontamination factors and analytical procedures for the different sampling points have been drafted.

The in-cell electrical instrumentation of C2 has been studied. The high radiation fields, the corrosive atmosphere and the
serviceability are the difficult constraints for the electrical materials. The electrical cell penetration of C2 has been designed.
Due to the large number of conductors, it was necessary to drill a supplementary hole in the concrete shielding. The
electrical connectors, which secure the a-tight cell penetration, are purchased. One of the problems for which a solution
is under study is the electrical heating of the dissolver. Several proposals have been made, but a trouble free life time of
10 years is a difficult specification to fulfil.
The instrumentation necessary for the level and density measurements in eel C4 have been ordered. Reception tests on this
equipment have been carried out.

The H ERMES data logger has been adapted for use in the DEOXO installation. All the necessary hardware modifications
are carried out. Development of the computer software is in progres.

The assembling of the gas sampling and analysis box C8 is continuing.

The sensors for the drip-trays have been designed. A prototype is under construction.

A revolution counter has been developed for the centrifuge. A glass-fiber was used as primary sensing element.

4.1.3.7. Process and cell ventilation
(R. Harnie, L.G. Geens*, C. Parmentier, J. Vaesen)

• Eurochemic

The mounting of the primary double loop ventilation of cells C( and C2 has still been delayed by defects in proposed
stainless steel pipes. Most of these ducts have been mounted and the loop is expected to be completed and instrumented
in the first half of 1982, so that reception tests can take place.

The construction of the ventilation equipment of cells C3 and C4 has also been started.

With the exception of the mounting of the DEOXO unit in the existing cold gas purification system and further studies
of the cryogenic distillation of krypton (see par. 4.1.2. Purification of reprocessing off-gases), no progress is to be noticed
in this area.

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

In the framework of the indirect research programme of the CEC, the ELEX process is further investigated. It combines
water electrolysis with isotopic exchange on a hydrophobic catalyst. By this method it is possible to concentrate tritium
in a very small volume, which can be disposed off after conditioning.

The target of the programme is the concentration of 90 to 99 % of the initial amount of tritium into 1 % of its initial volume.
The parametrical studies of the different process steps being finished, optimization of each step and integration in a
demonstration loop were further investigated.

The fabrication of hydrophobic Pt-C-PTFE catalysts for tritium exchange between gaseous hydrogen and liquid water
appeared to give excellent results. Comparison of the Belgian catalyst with several Japanese catalysts was made in a
bubbling water column flushed with tritiated hydrogen. The foreign catalysts showed a lower isotopic exchange rate and
higher ageing phenomena than the catalyst prepared at S.C.K./C.E.N.

The hydrodynamical performance of the trickle bed reactor used for the catalytic isotopic exchange was further optimized.
Hydrophilic stainless steel packings with low flooding characteristics were used as hydrodynamical diluent of the
hydrophobic catalyst. The parametrical investigation was carried out in a new column with an inner diameter of 3 cm.
A stainless steel condensor was added in order to allow experiments to be carried out at a temperature of up to 80°C. When
properly wetted before operation, the isotopic exchange rates remain excellent for a packing consisting of one third
low-pressure Pt-C-PTFE catalyst and of two thirds of hydrophilic packing material with a low pressure drop. At
atmospheric pressure, at a gas flow rate of about 10 mol.m--.s-1 and at liquid flow rates of 2.5 to 10 mol.m^.s-1 heights of
a transfer unit from about 0.2 m to less than 0.1 m were obtained with a 1 wt.% platinum catalyst at temperatures from
20 to 30°C. This corresponds to overall exchange rate constants from about 50 to more than 100 mol.s-'.nv-1. The role of
temperature of the packing appears to negligible in the temperature range 60 to 80°C.
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Fig. 4.1.4.b. Close-up of the internal parts of a 80 kW electrolvser,
fabricated by TELEDYNE C°, producing 8 to 12 Nm3 H, per hour.

Fig. 4.1.4M. Front view of a 80 kWelectrolyser fabricated by TELEDYNE C°, producing 8 to 12 Nm3 H; per hour.

The construction and the assembling of an integrated bench-scale installation was finished. It consists of a 1.4 kW
electrolyser, a thermally controlled trickle bed reactor and an oxidation unit in which the hydrogen is recombined
catalytically with oxygen. After reception tests, various long duration runs have been carried out with tritiated water. The
feed concentration was smoothly increased in steps up to 2 mCi tritium per liter water. Although no major operational
difficulties were encountered, there were maintenance problems with the filter for the electrolyser. Therefore, another filter
configuration has been ordered and constructed. About 350 dm3 water were detritiated. The experimental data obtained
during the runs showed that decontamination factors exceeding 100 were obtained in routine operation and that the
enrichment factor was 10. Too long a time would be needed to obtain a larger enrichment factor, for ex. 100, as only about
150 cm3 of water are detritiated per hour and the content of the electrolyser is about 15 dm3.

A larger pilot detritiation unit has been designed. It will mainly consist of an 80 kVA electrolyser and an externally
thermostated, 10 cm internal diameter isotopic exchange column with an enriching and a stripping part. A pre-saturator
is provided under the enrichment part and a cooler condenser will be placed on top of the stripping part. No recombiner
will be used as tritium free water will be added at the top of the exchange column. A total inventory of 1000 Ci tritium
has been taken into account. All tritium (and hydrogen) containing parts of the loop will have a mechanical envelope
vented at a negative pressure compared to the rest of the building.

The necessary infrastructure works for the implantation of the ELEX pilot installation - a.o. a new small building for the
electrolyser, the control racks and a metallic frame inside the existing BR1 ventilation building for the exchange
column - have been designed and ordered. A 30 kVA cooling unit and other peripheral equipment have been delivered.
The 80 kVA electrolyser is under commissioning test in the framework of the start-up of the DEOXO unit for the dissol ver
off-gas purification programme (Fig. 4.1.4.a. and b).

4.1.5. SUPPORT TO THE PAMELA PROJECT FOR THE VITRIFICATION OF HIGH-LEVEL LIQUID WASTE
(M. Klein, C. Weyers, W.R.A. Goossens, H. Peperstraete)

In the framework of the technological programme PAMELA for the development of a vitrification process for high level
liquid waste, sponsored by DWK, the capture of semi-volatile ruthenium compounds was further investigated, while
off-gas analytical techniques were developed.
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The screening tests with calcined nitric acid solutions containing tagged ruthenium nitrosylnitrate were finished. At 100°C,
silicagel and molecular sieve Zeolon 900 H appear to be the best absorbants, while at 300uC a ferric oxide-chromic oxide
catalyst is the best material for specific ruthenium retention.

A laboratory liquid fed waste melter has been put into operation, together with its off-gas purification line, consisting of
a packed bed scrubber, an ejector venturi, a specific Ru trap and a condensor in series. Various runs were carried out with
simulated LEWC-solutions, suitably traced with ruthenium species. The data obtained in this unit showed that the
ruthenium behaves completely differently after a vitrifier than after a calciner. A predominant parameter in this regard
seems to be the nature of the ruthenium species volatilized. It is impossible to determine the true composition of this species
with the help of the technical means available. Anyhow, further experimental investigation has been focused on the
ruthenium behaviour after a vitrifier.

To allow easier or better operation of the vitrification unit, the initially used melter has been replaced by a melter with
bottom drain and the off-gas line has been completely renewed. The off-gas line consists now of a 50 mm packed bed
scrubber with Rashig packing, an ejector-venturi which can be put in by-pass, an additional air feed at the inlet of a new
stainless steel preheater, a stainless steel fixed bed as specific ruthenium trap, a wash bottle and a glass fiber filter. The melter
has a batch capacity of 2 kg standard glass. The liquid waste feed is simulated by solutions which have the reference
LEWC-composition and to which different ruthenium compounds, properly traced with 103Ru, can be added.

The experiments carried out in this melter indicated that the amount of ruthenium retained in the glass smelt of the melter
depends on the nature of the ruthenium species fed. The best ruthenium retention in the glass is obtained with RuO2 as
feed species; the worst retention with RuO4 as feed species. Ruthenium nitrosylnitrate shows an intermediate behaviour,
but the addition of sugar is detrimental and causes a very high volatilization of ruthenium.

The ruthenium nitrosylnitrate was further used in several experiments, in order to determine the distribution of ruthenium
over the various units of the off-gas line. On the average, the ruthenium decontamination factor is 13 for the melter, 11
for the scrubber, 55 for the venturi-ejector, 20 for the silicagel fixed bed filter and 2 for the condensor. The over-all
decontamination factor, for the melter and the off-gas line together, has a mean value of 3xl05. However, the value
mentioned for the silicagel trap is only valid if the off-gas is preheated up to 600°C and when air is added to the gas before
the trap. Further, the ruthenium activity profile inside the silicagel bed suggests that ruthenium is present in the form of
an aerosol and of a volatile gas. To clear this point, the silicagel trap has been substituted by an absolute filter made of
glass fiber, type Macheray Nagel, and aerosol sampling devices have been added to the off-gas line at different points.
In this way, various transient phenomena have been observed in the off-gas line during the vitrification of simulated
LEWC-solutions. It was demonstrated that preheating the off-gas at 650°C before the glass fiber filter causes an interaction
between the ruthenium species present in the gas and the stainless steel construction material of the preheater, resulting
in a tremendous decrease of the trapping efficiency of the glass fiber filter downstream. Without preheating, the major part
of the ruthenium at the inlet of the glass fiber, after the dust scrubber, has an aerosol nature. The particle size distribution
of this aerosol will be measured by assembling cascade impactors.

Simultaneously to these experimental runs, the construction has been started of a Retention Unit for Filtration of
Unidentified species of Semi-volatile radionuclides, called RUFUS. This unit will be equipped with a continuous vitrifier,
the nominal through-put of which is 2 kg/h glass and 2 1/h simulated LEWC-solution. The design of this unit has been
completed. The venturi-ejector has been delivered and has been cold tested with monodisperse latex aerosols, in the size
range of 0.33 to 0.945 jim. Also the ventilation hood needed for this unit has been made available and safety scrubbing
devices at the outlet of the regular off-gas line have been delivered and tested.

Finally, on-line gas analytical equipment, namely a chemiluminesctnce monitor and a process Chromatograph of direct
use to the PAMELA-project has been calibrated and applied at the demonstration melter KS1-A. Reception tests have
been started on the IR spectrophotometer.

4.1.6. AEROSOL FILTRATION
(M. Klein, W.R.A. Goossens)

In the framework of the indirect research programme of the CEC, the filtration of submicron aerosols on metallic filter
has been studied. This experimental investigation of aerosol filtration is aimed at the development of fibre metallic prefilters
to protect HEPA-filters. Moreover, in-situ regeneration of these prefilters will be studied in order to minimize the arising
of secondary waste. The metallic nature of these prefilters allows their use in exhaust gases at elevated temperature, such
as in the case of waste incinerators or waste vitrifiers.

Scouting tests at ambient temperature have been carried out on different metallic fibre materials. Therefore, an
experimental test unit, called AFLT (Aerosol Filtration at Low Temperature), has been put in operation. Its gaseous
throughput is 15 irP.lv1, allowing to test fiat metallic filters at superficial velocities in the range of 35 to 19 cm.s"1.
Monodisperse latex aerosols in the size range from 0.091 to 22 ̂ .m, are sprayed with the help of a collision atomiser, while
a dilution system allows to control the aerosol concentration at the inlet of the filter material under test. The concentration
of aerosols in the carrier gas is measured alternatively before and after the filter material, using two laser spectrometers
having each 60 size channels. The useful filtration surface is 133 cm2.

In this AFLT-unit, the filtration performance of porous web.s sintered mats were measured. The fiber diameter of the porous
webs was changed in the range from 4 to 12 [xm and the number of filter layers from 1 to 5. The three different sintered
mats tested had an absolute filter rating for liquid filtration quoted at 10, 25 and 40 .̂m, respectively.
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This study has led to the optimum choice of the working parameters of the best combination of filter materials, keeping
the working pressure drop lower than 80 Pa. On this basis, candle type filters of three different composition have been
deigned. Their filtration performance and regeneration possibilities will be determined for monodisperse and for
polydisperse soluble or insoluble aerosols.

Finally, the performance of these metallic filter candles will be measured in a second unit, called AFHT (Aerosol Filtration
at High Temperature). This unit has been designed and is under construction. Its aerosol generator is a high-temperature
spray calciner which can generate simultaneously water vapour and nitrous oxides.

4.2. WASTE CONDITIONING AND DISPOSAL

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

During 1981 most of the R&D work on geological disposal of conditioned radioactive waste was continued under contract
with the CEC.

The main activities within the scope of the Belgian programme were:

- to start and complete the field works in connection with the regional hydrogeological investigation project;
- to complete the "in situ" heat transfer experiment and to run the various "in situ" corrosion tests;
- to investigate at laboratory scale the rock characteristics and various near-field phenomena;
- to continue the construction of the underground laboratory at 225 m in the Boom clay and to start some geotechnical

"in situ" mesurements; by the end of 1981, the maximum depth of-227 m was reached;
- to continue various studies in connection with heat load, risk analysis and safety assessment.

4.2.1.1. Investigations on the geology and hydrogeology of the Mol site and the Mol area
(A. Bonne, J. Patijn, P. Manfroy, B. Neerdael -Main contractor : N.V. Smet)

Observation wells are now installed at 20 locations. A total of 5,325 m was drilled in 1981, 7,535 m of piezometric tubes
and 52 screens were installed in the different aquifers. The screens are placed between the -5 m and -572 m level, depending
on the location and the aquifers encountered. The basin of the "Kleine Nete" between Lommel-Postel (east of Mol) and
Herentals (west of Mol) can now be monitored for the various aquifers above the Boom clay layer and one aquifer just
beneath this formation.

Borehole loggings were carried out in the deepest borehole of each drilling location and soil samples have been taken. This
allowed the geological sequences to be identified and to correlate the results with those previously obtained during boring
operations and the local seismic prospection campaign at the Mol site. It was also observed that 15 km east of Mol, the
top of the Boom clay layer is about 80 m deeper than expected.

The water levels (piezometric heads) are now measured every week since last November. A first tentative to determine the
water flow direction into the under-Rupelian aquifer indicated a westwards water flow.

A mobile data logger unit was made available for continuous data recording in all screens of each location. The records
can be computerized and directly plotted.

During the shaft digging works, frozen soil samples were taken every two meters in the aquifers between ground surface
and the top of the Boom clay layer.

These samples were analysed for their granulometric composition and glauconite content. Interpretation and results are
given graphically in Fig. 4.2.1.1.

4.2.1.2. Heat transfer
(P. Manfroy, M. Buyens, M. Put, M. Monsecour)

After 18 months of operation, the heat transfer experiment with a mock-up of a high level solidified waste canister burried
in a clay pit at Terhagen was definitively stopped. The planned test with an output of 3 kW could not start due to failure
of the electricity supply and the canister was submitted to corrosion examination. The main objectives of the experiment
were, however, reached. In the framework of a separate contract with CEC, the evaluation study on heat impact of
high-level waste, after disposal into a plastic clay formation, was completed.

A mathematical study on heat transfer in clay was carried out, taking into account a new burial concept for the high-level
waste canisters. In this concept, the canisters are placed concentrically in the horizontal galleries, so that the drilling of
inclined burial holes can be avoided, a more homogeneous heat dissipation is obtained and artificial cooling could be
envisaged for short periods of time.
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Fig. 4.2.J.L Lithostratigraphic sequence
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4.2.1.3. Characterization of Boom clay
(P. Henrion, W. Claes, P. Manfroy, B. Neerdael, M. Put)

A direct consequence of the excavation work, presently under way in the Boom clay formation, was the obtention of fresh
clay samples frozen in situ. Stored in the frozen state and quickly analysed under controlled atmosphere, they have revealed
a sulphate content similar to the SC>4~ concentrations prevailing in the neighbouring aquifers, i.e. 10 to 30 mg SO4 /I.
Therefore, the Boom clay should not constitute a particular hazard from the points of view of corrosion at room
temperature by sulphate reduction with iron. Essentially the interstitial solution of "in situ" oxygen free clay appears to
be a 0.01 M NaHCO3 solution saturated with CaCO3.

Redox potential measurements and chemical analyses have shown that, in its "in situ" state, the Boom clay constitutes
a medium sufficiently reducing to keep long-lived radionuclides such as Pu, Np and Tc in the 1 Vstate where they are highly
insoluble. Calculations show that insolubility is the most efficient barrier against radionuclide migration.

In another scope, the laboratory tests on variations of the geotechnical properties of Boom clay as a function of
temperature and pressure cycling were continued. This work was partly carried out by the "Rijksinstituut voor
Grondmechanica", R.I.G.M. (Gent) and partly by the "Laboratoires de Genie Civil L.G.C. (University of Louvain-la-
Neuve). The clay samples originate either from the Terhagen site or from the shaft in Mol.

The aim of the R.I.G.M. programme was the determination of the influence of temperature variations, from -25°C up to
80°C, on compressibility, swelling and permeability coefficients measured by oedometric tests and also on the cohesion
and the angle of the shearing resistance measured by triaxial tests. Some results and trends can already be given :

- increase of shear stress between 0 and -25°C, depending both on consolidation pressure and temperature (the lower
the temperature, the higher the shear stress);

- while at normal temperature and at -25°C, the elongation at failure is about 8 %, this value reaches a maximum of 15
to20°/i.it-5°C;

- repeated temperature cycling between ambient temperature and -25°C has no influence on elongation and failure
strength.

The compressibility and swelling (TERZAGHI) values, corresponding to samples tested at ambient temperature in an
oedometer, are:

- C = compressibility constant: 20 and 25, respectively;
- A = swelling constant: 45 and 48, respectively.

At temperatures of about 80°C, measurements indicate an increase in the previous mentioned constants by a factor of
2. The deduced permeability at this temperature (80°C) is nearly the same than at ambient temperature (values of 1 to
5xlO-9cm.s-').
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The aim of the L.G.C. programme was to describe the behaviour of frozen clay under pressure (creep tests at -10°C, -20°C
and -30°C). The first measurements under uniaxial conditions indicate an increase in shear strength at failure (3.3 MPa
at -10°C and 11.5 MPa at -30°C) for elongations between 5 and 10 %. Two deformation rates (at 10-2 and 10"3 min-1) show
no significant difference. The creep tests were performed under uniaxial conditions, with a constant vertical stress of 80,
65 and 50% of the stress strength at failure.

4.2.1.4. Migration studies
(P. Henrion, M. Put)

Migration studies by means of tridimensional reconsolidation cells have shown no decrease in diffusional flux for HTO
(water mobility) after reconsolidation, and a limited decrease for Sr. It seems safe to conclude that consolidation, although
favourable, is not indispensable for the capacity of clay to prevent effectively radionuclide migration. Diffusion runs on
clay plugs carried out with I54Eu (quasi insoluble at the pH of Boom clay) have revealed how impractical it is to use
diffusion runs to assess diffusional properties of insoluble nuclides. Apparently, experiments should be extended over
years. Practical estimates of the migration of long-lived radionuclides are more likely to be obtained from an accurate
chemical description of the "source term" (radionuclide effective solubility in media of known composition, buffered Eh
and pH). K.D measurements under conditions as near as possible to "in situ" conditions, have shown a limited affinity of
Fe + + for adsorption. In consequence, corrosion products, which generally present low solubility, should not be real
competitors for radionuclides in their adsorption on clay.

4.2.1.5. Corrosion studies
(F. Casteels, H. Tas, M. Brabers*, J. Dresselaers)

* K.U. Lcuven

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 Terhagen, Boom.

Corrosion rates for samples in direct contact with clay have been obtained after "in situ" coriosion experiments Curried
out at Terhagen at 13°C and 150°C. The results are in agreement with experimental data obtained after laboratory
corrosion experiments in thick-walled cylinders.

Unprotected ductile iron (grade 60) corrodes in direct contact with clay at a mean rate of 6 jxm/year. Localized attack
proceeds along the graphite nodules-ferrite matrix interface and areas with a pearlitic structure.
Corrosion rates of cast iron have also been derived from post-corrosion analysis of underground structures of cast iron,
in operation for 60 to 90 years under similar conditions.

The corrosion layer is, in the two cases, built up by an outer and an inner reaction layer and a zone characteristic for internal
oxidation. The different sublayers and transition zones have been characterized by metallographic and X-ray techniques.

The archeological objects from cast iron corrode in a similar way as the specimens, during short periods in direct contact
with clay. Different anti-corrosive coatings (metallic and non-metallic) have been applied on grade 60 ductile iron and
tested in direct contact with clay at 13°C, in a humid clay atmosphere, at 50°C and in a gas corrosion chamber at 25°C.
Most of the anti-corrosive coatings based on paintings and plastics, give more promising results than the galvanization
treatment for the exposure periods considered (9 months). The application of a duplex system based on the superposition
of a metallic (Zn) and a non-metallic anti-corrosive layer, presents the best anti-corrosive protection against blistering
phenomena starting from artificial defects.

The possibility of using a single wall canister depends on the resistance of candidate canister materials against stress
corrosion, in different media of the intermediate and final storage period.

Stressed specimens (bent beams, U bends, small size canisters) of selected candidate canister material (AISI 304, 304L,
316, UHB 904L, 1803MoT, Inconel 625, Hastelloy C, IMI 115, commercial pure titanium) have been exposed in the
as-received and heat treated condition, in the humid clay atmosphere at 50°C, Antwerpian ground water and interstitial
clay water at 98°C. Crack initiation has been found in a heat treated AISI 304 U-bent sample after 4,500 h of exposure
to humid clay atmosphere and in AISI 316 tested in the as-received condition in Antwerpian ground water.

In the second case, crack initiation has been found after 1,050 h of exposure. Most of the experiments lasted up to 20,000 h.

The corrosion rate and corrosion phenomena of candidate canister materials have been determined, after corrosion testing
in interstitial clay water at 25°C and 98°C, and potentiodynamic measurements at 25°C, 40°C and 90°C.

Hastelloy C, Inconel 625 and IMI 115 possess the best corrosion resistance. Precipitates present in Hastelloy C and 1803
MoT are nucleation sites for preferential attack. The nickel rich alloys Ni 200 and Inconel 600 tested at 25°C, suffer from
a bulging attack. S, Mg and Si play, at 98°C, a predominant rale in the corrosion.

Potentiodynamic corrosion testing resulted in the determination of the intensity of the passive current and the mechanism
of corrosion attack for the various candidate canister materials.

The "in situ" corrosion tests carried out in an open system, in an inert furnace placed in boreholes in a clay quarry at
Terhagen, and the characterization of the environment at three different temperatures are continuing. CO2, SO2 and HC1
are the most important gaseous products influencing the corrosion in contact with clay at 13°C, 45°C and 62°C.
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F/g. 4.2.1.6.a. View of an in-situ hydrostatic pressure measuring gauge, before closing oj the concrete casing.

Fig. 4.2.1.6 b. Photograph of >i first ring of lining elements to be installed in the underground laboratory.
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Long exposure times ( 10,000 h) result in the complete disappearance of the sulphur and chloride bearing products from
the humid atmosphere in equilibrium with clay.

Post-corrosion analysis of candidate canister materials corroded "in situ" for 9 months at 13°C and 50°C, revealed the
predominant rale of the relative humidity on the nucleation and growth of deposition and corrosion products. The highest
density of these products is present on the specimens exposed at 13°C.

4.2.1.6. Construction of an underground laboratory
(P. Manfroy, B. Neerdael, M. Buyens, R. Vanhaelewyn; Engineering office :TRACTIONEL-COURTOY;
Main contractor : S.A. FORAKY)

The digging works for the shaft construction were continued and completed just before the end of the year. The final depth
of the shaft is now 227 m. The outside concrete lining is designed to resist to the ground piessure (lithostatic pressure);
its thickness is about 40 cm. At the -200 m level, a circular stainless steel crown was placed in the concrete, to connect
the 3 mm thick polyethylene sheet, which will be installed up to ground level, in order to ensuie the water tightness of the
shaft. This sheet and the inner concrete lining, also about 40 cm thick, will be cast next year. Between -190 m and -227 m,
at 5 different levels, various geotechnical testing devices and thermoprobes were placed in the clay, in view of the
measurements of ground pressures and temperatures. A total of about 100 measurement points were checked regularly
starting July 1981. Fig. 4.2.1.6a. shows the oil ducts of a pressure cell going through a steel sleeve before casting the concrete.
Just before starting the monolithic construction of the lower shaft and connecting room, some cracks appeared in the
concrete lining. These have been attributed to creep of the frozen clay. As a consequence, it was decided to reduce the
diameter of the connecting room from the originally designed 6 m to 4 m; enlargement will be envisaged later on.

Experiments in connection with heat transfer and corrosion in the underground gallery were further developed, allowing
the final design of the cast iron lining. Fig. 4.2.1.6b. shows the first complete ring of segments ready for testing in the factory.
The study of the machine to dig holes of 70 cm diameter into the plastic clay starting from the gallery at -220 m was
undertaken and some preliminary tests were carried out in the clay quarry of Terhagen (in collaboration with N.V. SMET).

4.2.1.7. Studies on backfilling and sealing materials
(P. Manfroy, B. Neerdael, M. Buyens)

Twenty different mixtures of Boom clay, bentonite, cement and calcium carbonate in various ratios were tested as potential
material for borehole plugging and filling between the cast iron lining in the gallery and the clay massive. Mixtures of
thermohardening resins and Boom clay will also be investigated.

In the first laboratory tests, special attention was given to the mechanical properties of the mixtures such as, setting time,
shrinkage, density, consolidation factor, permeability, porosity, tensile and compressive strength, etc.

The most promising mixtures from this point of view are those containing up to 5 % cement, about 3 % bentonite, 5 to
10 % calcium carbonate, the balance being made up by dried and granulated Boom clay with particle sizes between 100
and 500 jj.m.

Some mixtures will now be tested for their technological applicability "in situ". Attention will also be given in the future
to the properties of the interface between the lining materials or the clay and the plugging or filling mixture.
I.N.I.E.X./N.I.E.B. contributes extensively to this research.

4.2.1.8. Safety analysis
(A. Bonne, M. D'Alessandro*, Bertozzi*)

* JRC, Ispra

Because of their relative importance, assessed by Fault Tree Analysis, three geological containment failure modes were
selected to be investigated in detail and to be considered for consequence analysis : faulting, glacial erosion and human
actions.

Possible scenarios for a hypothetical faulting through the repository, initiating a release of radionuclides into the
groundwater, were described.

The pathways to man taken into account were: ingestion of well water by pumping from aquifers under-and overlying
the Boom clay and inhalation of resuspended dust of well water used for irrigation purposes. In the case of release to the
neogene (upper) aquifer, maximum radiation doses would be in the range of 10"2-104 rem/yr. It must be borne in mind
that these doses result from conservative assumptions and, in the context of the scenario, could affect only a very small
number of individuals. In the case of release to the aquifer underlying the Boom clay, doses calculated so far for the
ingestion pathway are in the order of lO^-lO4 rem/yr for a maximum exposed individual. For the inhalation pathway,
doses are about 3 orders of magnitude lower.

A possible glaciation caused release scenario has been worked out in more detail and special attention has been drawn
on the evolutionary aspects of such scenario.

The Repository Evolution Analysis, based on a deterministic scenario caused by natural degradation of the repository,
has been launched. The system analysis is now under way and first assessments of the importance of the assumptions for
the geometry of the release source have been made.
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4.2.2. HIGH-TEMPERATURE INCINERATION
(N. Van de Voorde, J. Clacs, A. Taeymans, D. Hennart, J. Gijbels)

4.2.2.1. Test with spiked waste

A first full-scale test with U-and ß-a spiked waste simulating TRU-waste from IN EL, has been conducted in the FLK
high-temperature slagging incinerator from March 2 to 5, 1981.

The waste feed contained 10 % of metallic iron and the total ash production after slagging incineration was 332.8 g/kg
mixture. It was traced with 10 g/kg of natural UO2 and known concentrations of various ß-a emmitters.
2363 kg were treated in 74 h. During this time the installation could reach thermal steady state conditions, but mass flows
and concentrations were still varying. Nevertheless, tentative balances could be computed.

A detailed report on the test has been written.

4.2.2.2. Trial exploitation

From October 12 to December 19, the installation was on line for 450 h, i.e. 27.2 % of the total time.

About 13 tons of solid waste containing 1 % metal and 20 % unburnable material was treated.

The waste composition will be adapted to solve some technological problems and a few minor construction modifications
are also programmed.

4.2.2.3. Characterization of the granules

The granules consist of at least three distinct phases :
- a glassy matrix consisting of alkaline earths and iron aluminosilicates, with some alkaline metals and copper, the atomic

composition of which is about (Ca, Mg, Fe)O.2 (Si,Al)O2;
- metallic inclusions consisting of iron alloyed with Cr, Ni and Mn;
- small crystals of magnetite and spinel with occasionally nickel sulphide inclusion.

Uranium oxide follows iron oxide in the amorphous matrix, in which it is well incorporated.

The air density is in the range of 3000 kg/m3; the bulk density in the range of 1200 kg/m3. The specific surface is about
180mVkg.

About 70 % of the granules have dimensions between 1 and 5 mm. The fraction s;r ]«'!cr than 1 mm contains rather much
unburnt carbon and its proportion can be used as a quality index for the sla^.

4.2.2.4. Characterization of the fly-ash

Fly-ash is collected on bag filters at the head-end of the gas purification line and removed at regular intervals. It has the
following composition:
- soluble salts: about 80 %;

anions: chlorides and sulphates;
cations: alkaline metals and zinc;

insoluble compounds: about 20 %;
sulphates of alkaline earths;
lead sulphates;
copper and silver compounds;
silicates.

The dust solutions are slightly acid because of the hydrolysis of zinc sulphate, which is always a main constituent. At the
end of the campaign, large crystals of that salt had formed in some water left in a standby baghouse. The radionuclides
65Zn, U4Cs and l37Cs are concentrated in the dust.

4.2.3. CHARACTERIZATION OF VITRIFIED RADIOACTIVE WASTE PRODUCTS
(R. De Batist, P. Van Iseghem, W. Timmertnans)

The programme on characterization of vitrified radioactive waste products is partly supported by the CEC and has been
concentrated on the study of the chemical stability of these glasses (in demineralized water as well as in media relevant
to geological disposal in clay media). A study of devitrification effects has also been initiated. Both borosilicate glasses
(as used for the conditioning of high-level waste from reprocessing plants) and silicate glasses (as produced in the FLK
incinerator for the treatment of a bearing waste) are investigated.

4.2.3.1. Glass preparation

To study the effect of the iron valency state on the properties of FLK products, a number of glasses have been prepared
in the laboratory with Fe3 + /Fe2 + ratios varying between 4 (using Fe2O3 powder and an air melting atmosphere) and 1/4
(using ferrous oxalate and argon melting atmosphere).
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The iron valencies in these glasses were obtained from Mössbauer spectroscopy carried out at R.U. Gent.

Plutonium containing borosilicate glasses were prepared with acceptable homogeneity. In view of the high formation
temperatures required for the silicate glasses, combined with their high iron content, no homogeneous silicate glasses could
be prepared as yet (CeO2 was used in these preliminary experiments to simulate PuO2).

4.2.3.2. Crystallization

TEM observations of a number of FLK reference specimens, subjected to various nucleation treatments, selected on the
basis of the results from thermal analysis experiments, revealed the presence of two types of nuclei. One population consists
of very fine nuclei with a size (about 0.5 mm) which seems to be independent of the nucleation temperature (between 540°C
and 65O°C) and time (1 to 300 h). The second type of crystallites was found to increase in size with increasing nucleation
temperature and time (e.g. 3 nm after 24 h at 540°C, 40 nm after 24 h at 630°C).

4.2.3.3. Chemical stability

In addition to dynamic, Soxhlet type corrosion tests, which suggested that, for silicate glasses, variations of melting
temperature (1400 -1600°C) and melting time (1 -3 h) have no significant effect on the corrosion rate and that for
borosilicate glasses, plutonium leaches out with a rate of 1 /50 of that of the bulk glass, most of the effort is being devoted
to leach studies in stationary media.

4.2.3.3.1. Stationary leach tests in distilled water

Using a surface area to solution volume (SA.V"1) ratio of 1 to 2 enr1, some non-active FLK compacts (prepared by hot
pressing of FLK granules at 800°C and i GPa) and FLK reference glasses (prepared in the laboratory) were corroded
at 40°C and 90°C (or 95°C) for periods of up to 11 months. Some typical results are presented in Fig. 4.2.3.3.1. and show
that the corrosion rate as measured from the weight change, becomes zero after the first measurement time. Leachate
analysis, on the other hand, shows that Si is continuously leached out from the glass, suggesting that reprecipitation of
less soluble elements such as Fe and Al must play an important role in these experiments. It was also observed that
partitioning Fe203 and A12O3, results in general in much lower cumulated weight change (see e.g. the results for glasses WG
52 versus WG 55b in Fig. 4.2.3.3.I.).

Analogous results have been obtained for a number of non-active borosilicate glasses tested at 95°C. These glasses were
also examined in autoclave conditions at 150°C and 250°C, for periods of up to 1 month. At 250°C, some of the specimens
(plates of about 1 mm thickness) disintegrated. The temperature dependence of the weight loss between 95°C and 250°C,
does not obey a simple Arrhenius law (leach rates vary by a factor of 2 to 5 between 95°C and 150°C and of 10 to 100
between 150°C and 250°C). The surface layer formed during the high-temperature tests, has a thickness ranging between
a few y.m and 1 mm and contains a number of cryrtalline phases.
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4.2.3.3.2. Corrosion of FLK and HLW glasses in clay media

Long-term corrosion experiments are in progress in clay-derived media, including a saturated clay-water mixture (100 g
Boom clay in 1 1 distilled water; pH = 9.00 to 9.40) and wet clay, at temperatures between 40 and 250°C.

In general, the clay media yield weight losses which are a factor of 10 higher than the corresponding values in distilled
water, although corrosion rates based on weigt losses are found to decrease with time here too. For both FLK and HLW
glasses in the clay-water mixture at 95°C, the average corrosion rates during the first month are between 0.70 and 3.60
x 10"5 g.cnvld-1; over the first 11 month period, the average corrosion rates decrease to values between 0.15 and
0.45 x 10"5 g.cm-2.d-'. Fig. 4.2.3.3.2. shows SEM pictures of the surface of FLK glass WG 92 before and after corrosion
during 11 months in distilled water and the clay-water mixture. It can be seen that the distilled water did not appreciably
alter the glass surface, except for the generation of some U-rich precipitates. In the clay-water mixture, a surface layer
has formed, which differs markedly in composition from the glass bulk.

Fig. 4.2.3.3.2. SEM pictures of FLK reference glais WG 92 before
corrosion (a), after corrosion during II months at 95°C in
demineralized water (b) and after corrosion during 11 months at
95°C in a clay-water mixture (c).
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4.2.4. CONDITIONING OF CLADDING WASTE
(J. Broothaerts, A. Daniels, F. Casteels, P. De Regge, R. De Batist, J. Van Ransbeeck, A. Demildt)

Inactive laboratory and technical scale studies, made under a previous contract, have shown that considerable volume
reduction can be achieved by compaction and that the densified material can be conveniently converted, at relatively low
temperatures, into a matrix waste form with low porosity. On account of the corrosion resistance of lead alloys, especially
to groundwaters, this should assure a long-term isolation of the waste.

The present programme aims at the assessment of the product quality with respect to the immobilization of the
contaminating nuclides in tests with hulls from irradiated fuel rods. Laboratory and field experiments are undertaken in
addition, to further explore the corrosion resistance and bonding properties of candidate matrix materials.

Small scale compaction and embedment units, adapted to hot-cell operation, have been constructed in preparation of the
work with active hulls. The 0.6 MN-press is equipped with a compaction form of 50 mm diameter, which accomodates
a batch of hulls of about 100 cm3. The embedment of the compacts formed is made in such a way that an appropriate
exposure surface for leach tests is formed.

This equipment has been tested with inactive Zircaloy tubing sections, with a view to determining suitable working
conditions for the active experiments and in order to have reference data for the evaluation of irradiation effects.

Compaction tests have shown that, compared to previous data for larger press forms, a 10% lower density is obtained
at equal pressure. Densification to 58-59 % TD is achieved at 156 MPa, to 67-69 % at 300 MPa.

Different procedures have been tried for the embedment of the compacts, with the reference Pb 1.5 Sb-alloy. The samples
were found to be completely filled with the matrix material when the embedment was made at 723 K. under a vacuum of
about 100 Pa and the specimen was allowed to cool-down under atmospheric pressure. Macroscopic examination of
sample sections show, however, that small contraction gaps are present at some places. The active experiments will be made
with Zircaloy hulls from Pu recycle fuel rods (ZOB-100), irradiated to about 30,000 MWd/t and with stainless steel hulls
from FBR-elements (DFR) irradiated to about 52,000 MWd/t.

In view of the leach tests to be made with the active products, ZOB-100 hulls have been analysed for specific contaminants.
Data obtained for two different hull sections were: total Pu content 314 and 326 .̂g g"1, 134Cs activity 0.195 and
0.453 mCig-l, l37Cs activity 1.31 mCig"1. The average tritium content, determined by analysing 15 sections, amounted to
523 ij.Ci per gram of hull material.

In completion of earlier work on the corrosion resistance of candidate matrix materials, selected lead alloys are exposed
in the laboratory to interstitial clay water, to saturated salt brine, and to direct contact with the clay in field experiments.

Results from long-term exposure tests with interstitial clay water, correspond in general to the data found for Antwerpian
ground water during the previous study. At 238 K the samples exhibit small positive weight changes, slowly increasing
with time. A weight loss was obtained at 373 K, but this stabilizes after 4 months of exposure and would correspond to
the dissolution of only 4 mm of material in 1000 years. In electrochemical corrosion tests, it was found that the Pb2Sn0.6Ca
alloy presents the highest resistance.

The possibility to obtain a bond between the Zircaloy hulls and the matrix is evaluated in wetting experiments. Tests with
Pb0.8Sb and PbO.lZrO.2Mg indicate that the wetting is improved by a 5 h heat treatment at 823 K.

The axial tritium activity distribution has been determined in the Zircaloy cladding of the ZOB-100/PC8 fuel rod.

The experimental data obtained on fifteen cladding sections are reported in Table 4.2.4. and plotted in Fig. 4.2.4. This
experimental information permits to calculate the maximum level of tritium activity per ton fuel which can be liberated
during fuel dissolution.

Fig. 4.2.4.: Axial BU-and tritium distribution in the cladding of rod PCS.
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TABLE 4.2.4:
Tritium distribution in the cladding of wd PCS of the ZOB-lOOfuel element, irradiated in BR3

Section
No.

B2
B6
BIO
B12
B23
B34
B45
B57
B69
B75
B87
B99
Bil l
B116
B120

Specimen weight
mg

75.2
84.2
90
90.3
76.4
84
76.8
27.7
73.9
73.9
83.1
80
83
76
65.6

Tritium activity
jxCi.g' (Zry)

589
865
915
281
137
404
630
953

1314
1167
391
84
61

161
144

4.3. FUSION
(M. Snykers)

The research effort in the field of fusion technology is still expanding. An agreement has been reached on an international
collaboration, between the USA, Japan and the C.E.C., in the field of irradiation effects on the mechanical and especially
fatigue properties of AIS 1316, the main candidate first wall material for INTOR. This agreement involves in-pile fatigue
test experiments in BR2.

Another agreement of collaboration has been reached between S.C.K./C.E.N. and the Kurchatov Institute of Moscow,
in the field of plasma beam dumping in liquid lithium.

A feasibility study contract has been concluded with the JET Project and EURATOM, in relation with the detection and
characterization of neutrons emitted from the plasma of the JET apparatus.

4.3.1. LITHIUM TECHNOLOGY AND CORROSION STUDIES

4.3.1.1. Operation of the Li-facilities
(M. Soenen, Ja. Dekeyser)

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 in 1981);
- the Li-2 loop (constructed in 1981 and ready for start-up in 1982).

- Operation of the Li-1 loop

The Li-1 loop has been in operation for 2 long runs, one of 2510 h and one of 2541 h for corrosion test. The corrosion
of a great number of materials TZM, V-20 Ti, Ti-6 Al-4 V, Nb, R8, DTO2, Mn-Cr steels (Nitronic 33, Nitronic 40,
Carpenter 18.18 plus), AISI 316, AISI 304 and WN-1.4922 -has been tested at different temperatures and at different
lithium velocities. During the last run of 2541 h, a still unexplained nitrogen contamination occurred; the nitrogen content
of the Li at the end of the run was almost a factor 100 larger than the content analysed in the prepurified Li loaded into
the loop.

Statistics related to the operation of the Li-1 loop during 1981 are shown in Table 4.3.1.1.
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TABLE 4.3.1.1.

WORKING HOURS LOOP Lil -1981

Working hours at temperatures (°C) Total per
Month month (h)

0-399 400-499 500-599 600-699

January 104 104
February 672 672
March 744 744
April 720 720
May 470 470
June 512 512
July 744 744
August 744 ' 744
September 541 541
October 134 134
November 194 194
December 239 239

Total working hours 1981 : 5,818
Total working hours at the end of 1981 : 33,124

- The Li-01 stand

One screening test to compare stainless steel foil, DEW 202, with refractory metal foils V, Nb as received, Nb heat
treated, Ta, W, Mo and TZM has been carried out with prepurified Li containing 130 ppm N2.

Before start-up of the test, an iron trap is added to the cold leg of the stand and 4 holders with identical samples are placed
in the cover gas of the Li-01 expansion tank. To run the test, each week, one of the holders is lowered in the Li, so that
the total test lasted for 4 weeks. To obtain a better separation of the test specimens compared with previous test, the
specimens have been divided over a holder made twice as long by joining two earlier holders, one above the other. During
the test, the natural Li flow became obstructed by deposits and the test temperature could only be regulated with the
electrical heating on the expansion tank. The obstructed region has been located, but the deposits could not b dissolved
by external heating. The final solution has been to cut the stand in different parts in order to enable their cleaning. The
stand has been reassembled and filled with Li, but in spite of all the precautions taken, circulation by natural convection
could not be obtained. It is planned now to purify further the lithium of the stand by hot gettering with Ti sponge.

- The "on-line" monitor stand

The "on-line" monitor stand, equipped with a quadrupole mass spectrometer, an ion gauge and ion getter pump, has been
used to compare the permeation characteristics of hydrogen, using calibrated gas bottles, through aFe and Nb membranes.
The H2 diffusion tests through an innerly supported aFe membrane, led to the following results :

Membrane temperature Mean permeation coefficient
°C

300 1.349 x 10-8

350 2.945 x 10-8

400 5.192 x 10-8

450 7.497 x 10"8

To obtain a Nb sensor, a SS cap and a SS extension tube have been first electron beam welded to each end of a Nb
tube 20/19 mm. This sensor is consequently welded into a stainless steel tank, which is connected to the "on-line" monitor
stand. Tests are now in progress to compare the permeabilities of H2 with the previous tests using an aFe membrane.

- The Li-2 loop

The mechanically assembled loop has been equipped with thermocouples, heating elements and thermal insulation. Trays
have been placed on different working floors between the hot and cold sections. In the trays, some plastic bags with grafex
have been placed, to be able to catch the Li leaks and to extinguish the Li fires as fast as possible. All instrumentation has
been connected to the control panel which has been checked. The fill-dump tank of the loop has been filled with 2 batches
of purified Li (< 100 ppm IN21 from the separate purification tank and contains 120 1 of Li.

Global acceptance tests and documents for the reception are in progress before start-up of the loop in 1982.
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- Oxygen determination in Li

27 Li samples oxygen-saturated at 3 different filter porosities of 3,14 and 28 ;j.m and at 3 different temperatures 350,425
and 500°C have been taken and transferred to the Institute of Nuclear Science (R.U.Gent) for oxygen analysis. The results
obtained indicate 300 ppm O2 in the SS crucible used to sample the Li. This high oxygen content in SS crucible (13g) which
contained only 1.6 g Li, suppressed the oxygen content contained in the SS. A rather peculiar result, however, was obtained
in 3 samples, taken at 500°C and with the highest filter porosity of 28 ixm, which indicated an oxygen content for the Li
of 2400 ppm, whereas the other 6 samples at 500°C, 3 with filter porosity of 3 ^m and 3 with porosity of 14 ;j.m, indicated
for the oxygen value of the SS crucible.

The measured content of 2400 ppm O2 is considerably higher than the literature value of 1430 ppm O2 for that temperature,
which could explain the important rale the particle size may play when determining 02 in Li.

Stainless steel with an analysed content of only 30 ppm O2 instead of 300 ppm O2 has been obtained. Before fabricating
new SS crucibles to sample the Li, a probe is first prepared for oxygen content confirmation by the neutron activation
method at the R.U.Gent.

4.3.1.2. Mass transfer and corrosion studies
(F. Casteels, H. Tas, N. Rumbaui*, F. Lievens)

• Trainee K.U. Leuven

- The post corrosion analyses of a hot trap operated for 10,968 h in the temperature range between 370°C and 600° have
been continued. The loss or pick-up of substitutional and interstitial elements has been analysed at 397°C, 431°C,
471°C, 511 °C, 552°C, 589°C and 600°C. At the lowest temperatures, the reaction layer is a result from corrosion and
deposition phenomena. The corroded region is completely depleted in Mn, Si and Ni. Cr and Mo are, to a certain extent,
concentrated at the interface between the unaffected matrix and the corroded zone. The depth of the corroded zone
of AIS1 316 depends on minor differences in the Mo content of the alloy. The AISI 316 alloy with the highest Mo
concentration shows the smallest zone.

- Corrosion rates have been obtained in dynamic lithium, at 400°C, after different exposure times (500 h, 1333 h, 4687 h
and 7389 h) for austenitic steels (AISI 316, AISI 304, Nitronic 33, Nitronic 40, Carpenter)«/18 plus, the Mn modified
reference material provided by Ispra), ferritic steels (WN 1.4922, EM 12, DTO2), the light alloy Ti 6A1 4V and
refractory alloys (Nb, V 20 % Ti, TZM), in relative pure lithium (50 to 200 ppm N2). Part of the experiments have been
carried out at two velocities i.e. 0.046 m.s-1 and 0.89 m.s-'. In the series of austenitic and ferritic stainless steels, the ferritic
stainless steels have the lowest corrosion rate: 4-6xlO-6 m.a-1 (with a lithium velocity of 0.046 m.s-1). The Mn modified
steels have the largest corrosion rate : 18-20xl06 m.a-' (with a velocity of 0.046 m.s-1). The corrosion rate of the light
and refractory alloys is situated between lxlO'm.a-1 and lxlO-6m.a-'. Pre-exposed materials corrode at somewhat lower
rates.

- The corrosion mechanisms of the different materials has been determined using metallographic. rnicroprobe and
microscan techniques. In most of the experimental conditions, the austenitic grades suffer from a preferential attack
caused by the leaching of alloying elements such as Cr, Ni, Mn, Si and Mo. The ferritic steel WN 1.4922, the light alloy
Ti 6A1 4V and V 20 % Ti present a rather homogeneous attack, since no pronounced preferential attack has been stated.
A heat treatment prior to lithium corrosion resulting in the precipitation of carbides in the austenitic grade AISI 316,
changes completely the corrosion mechanism. The penetrating lithium reacts with carbides and results in a bulging
effect.

- A foil equilibration technique for monitoring the nitrogen activity in dynamic lithium has been developed. The
technique is based on the knowledge of the nitrogen activity in the Li-N and Mo-Nb-N system.

- Relationships have b.:en derived for the chemical potential of N, O, C and H in lithium, as a function of temperature
and concentration of the interstitial element.

- The corrosion mechanism of Nb, Ta, W, Mo and Ti tested in the Li-01 loop at 659°C and 700°C has been determined.

- Lithium samples from the test loops have been analysed for nitride, carbide, carbonyl and metallic impurities. For the
non-metals, the samples were decomposed by hydrolysis. Nitride was determined on the hydrolysis products as
ammonium. Carbon was determined as total hydrocarbon and as carbon monoxide. The impurities Cr, Fe, Mo, Ni
and Si were determined using I.C.P.T. on aqueous solutions of the samples. In many samples, a residue insoluble in
acid was observed, but not analysed.

In order to reach the sub ppm level for metallic impurities, a separation method was investigated. The detection limits
obtained were unsatisfactory.

4.3.1.3. Collaboration with the USSR
(M. Soenen, Ja. Dekeyser)

Within tl,e scope of the agreement between the State Committee of the USSR, S.C.K./C.E.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 are of common interest, have been assessed. The chief
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purpose of the work is to produce liquid Li devices, capable of simulating the operating conditions of various systems for
the plasma impurity limitation and for the first wall protection, and to obtain experimental data with these devices. The
construction of these devices will be based on the solution of pioblems associated with :

- the means of forming a film or droplet-jet flow of liquid Li;
- the development and manufacture of heat and impurities injection systems;
- the determination of sorption and thermal characteristics of open liquid Li surfaces.

The work will result in recommendations on the construction of liquid Li devices for tokamaks, with or without divertor
and of protective curtains for pulsed fusion reactors. The Soviet participation concerns mainly the design, construction
and delivery of heat and impurity sources (ion beam injectors, electron beam gun, pulsed plasma source).

The S.C.K./C.E.N. participation mainly concerns:

- the behaviour of liquid Li film or droplets on support plate;
- wettability studies on support plate materials;
- corrosion of structural elements;
- development of instrumentation methods for entrained gases, metallic and non-metallic impurities.

4.3.1.4. Fusion reactor blanket technology
(H. Tas, F. Casteels, M. Soenen, A. Bruggeman, A. Falla, Ch. De Reedt)

The European Community intends to support an important activity in the field of NET-en DEMO-relevant blanket
technology. In order to define critical areas, which require new or additional experimental programmes, and reduce the
number of different blanket concepts to be further developed, a European study group has been created. The task of this
group is to critically analyse and review the field within a period of one year, starting July 1981.

The study group is composed of a number of subgroups, covering the fields of engineering, corrosion, neutronics, materials
and tritium chemistry. Members of S.C.K./C.E.N. are participating in all but one of these subgroups, the major
contribution being in the field of corrosion and compatibility problems.

4.3.2. MATERIALS
(M. Snykers, J. Cornells, R. De Coninck, \V. Vandermeulen, F. Moons, Ch. De Reedt)

1. Swelling

Manganese-chromium steels (AMCR)

Manganese-chromium austenitic stainless steel specimens with a high manganese content (trade name AMCR) and doped
with 10 and 20 appm helium, are irradiated in a HVEM in the temperature range 400-600°C. The presence of helium has
a strong influence on the void density. It causes an increase in the void swelling for the higher temperature range, as can
be seen on Fig. 4.3.2.1. The swelling results are similar to those obtained by ion irradiation of another type of Mn-Cr steel.
A comparison with results obtained on a Ni-Cr austenitic steel shows that manganese does not have an adverse influence
on the swelling behaviour of this type of steel. On this basis, the Mn-Cr steels will not be excluded as candidate first wall
materials.

T(°C)

Fig. 4.3.2.1 Influence of pre-implanted helium on the void .swelling of a Mn-Cr austenitic steel after irradiation in a high voltage
electron microscope. Micrographs a and b show voids for specimens doped with 10 and 20 appm He. irradiated at 600"C. The graph c
shows the temperature dependence of swelling
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Oxide dispersion strengthened ferritic alloys

The influence of changes in the fabrication procedure of ferritic alloys with compositions Fe-13Cr-Ti-Mo-TiO2 on the
swelling behaviour, are investigated by electron irradiations. The fabrication procedures are: casting, powder
metallurgy-milling in air and powder metallurgy-milling in argon. No difference is found for the results obtained for the
materials fabricated by casting and by powder metallurgy-milling in air. Slightly different results are obtained for the
material fabricated by powder metallurgy-milling in argon. This material contains argon in solution in the matrix, which
causes a small shift of the peak swelling temperature and of the peak swelling helium concentration for tests carried out
at 450°C. The overall swelling of this material is the lowest, due to the small grain size and to the high density of inclusions.

Model calculations

Three codes for calculation of the nucleation of voids and swelling of stainless steels have been made operational on the
IBM computer. A detailed analysis of the codes is now under way.

2. Resistivity measurements

An apparatus for measuring continuously the resistivity of metals and alloys has been made operational. It allows accurate
measurements of recovery and phase changes. Results obtained on an AMCR steel obtained with the resistivity method
and with differential thermal analysis and differential scanning calorimetry have been compared.

3. Thermal fatigue

Thermal fatigue tests have been carried out in an apparatus which was originally built for thermal shock tests. The electron
beam pulse lenght and the beam cross-section have been increased. The deformation is measured by a capacitive and a
mechanical method. At present tests are being carried out on AIS1 316, the material chosen for the first wall of 1NT0R.

4. Irradiation effects on fatigue properties of A1S1 316 (FAFUMA)

Fatigue of the first wall of a fusion reactor is considered as a main life-limiting factor. As mentioned earlier, a programme
of international collaboration has been started in this field. S.C.K./C.E.N.'s programme on FAtigue on FUsion MAterials
(FAFUMA) consists of:

1) comparison of in-pile and post-irradiation fatigue results;
2) comparison of the influence of different ratios of helium concentration to atomic displacements on the post-irradiation

fatigue results.

For the in-pile tests, a new deformation device had to be designed. The present design is shown in Fig.4.3.2.4. It is based
on the following principles: i) compact module; ii) push-pull deformation; iii) deformation monitoring close to the
specimen; iv) accurate temperature control. In fusion reactor conditions, the gas production rate for helium and hydrogen
in structural materials is much higher than in fission reactors. However, for nickel containing alloys, such as the prime
candidate material for the first wall of INTOR, the helium production rate can be increased in fission reactors, with an
important thermal flux, by means of the 58Ni(n,y)59Ni(n,a) 56Fe reaction.

During normal operation conditions, the helium production to atomic displacement in nickel containing steels increases
with irradiation time and the actual helium concentration will remain quite low, especially in the beginning. An increase
of the helium concentration can be achieved by pre-irradiation in a thermal neutron flux. Theoretical calculations have
been carried out in this respect.
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Fig. 4.3.2.4 In-pile fatigue module
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4.3.3. PARTICIPATION IN THE JET PROJECT
(G. De Leeuw-Gierts, S. De Leeuw, A. Fabry)

An important step in the development of fusion reactors, is the operation of the Joint European Torus, a tokamak-type
facility, now under construction at Culham (U.K.), in the framework of the Euratom fusion programme. The objective
of JET is to create and study a plasma under magnetic confinement, in conditions and with dimensions approaching those
needed in a fusion reactor.

Learning how to control the plasma sufficiently well, to permit the high temperatures and plasma densities necessary for
ignition operation of JET in the (D,T) phase, requires an advanced and comprehensive measurement programme.
Diagnostic techniques are therefore being studied in several European laboratories under contract with JET. Preliminary
studies are being carried out at S.C.K./C.E.N., to investigate the possibility of taking part in the development of these
techniques. Two subjects of interest were identified; both concern the detection of neutrons emitted by the plasma.

The neutron flux density around the torus can be measured by using pneumatic rabbits for the irradiation of short-lived
activation sensors during each pulse of approximately 10 seconds. The irradiation of fissile targets, followed by the
counting of delayed neutrons, has been proposed as an alternative, with the advantage that a high sensitivity can be
reached; the possibility of reusing the same targets at each pulse allows furthermore to minimize the material inventory.
The design of a delayed neutron counter has been started, and also some work related to the absolute calibration of the
system. For this calibration, the 235U fission spectrum facility at the BR1 reactor appears suitable, because the measurement
conditions during the (D,D) phase of JET operation can satisfactorily be simulated with this facility.

A second subject of investigation is the determination of the detailed energy distribution of the neutrons emitted by the
plasma. Spectrometers with an energy resolution allowing to resolve the thermal broadening of the neutron spectrum with
a sufficient accuracy, can provide the temperature of the plasma-plasma interactions. Special purpose spectrometers will
have to be designed to meet the requirements in the severe environmental conditions which will prevail around JET.
Preliminary studies have shown that the experience gained with 6Li(n,a)t spectrometers at S.C.K./C.E.N. can be used in
this case; various designs are therefore being investigated.

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

4.4.1. INTRODUCTION

Nuclear energy contributes significantly and will contribute further to the production of electric energy in Belgium. This
is one of the main reasons why international safeguards is a very important matter for the Belgian authorities, another
reason being the fact that these international safeguards are required for all international transactions.

The impact of international safeguards on the Begian industry has been illustrated, considering its implementation by
IAEA and EURATOM in industrial nuclear facilities: power reactors, uranimum oxide (FBFC) and mixed oxide (BN)
fabrication plants in [363]. The study has been done in collaboration with FBFC, Belgonucleaire and the TIH ANG E power
plant and shows that the international safeguards systems, as implemented in the Belgian industrial nuclear facilities,
provides the assurance outlined by the technical criteria of the Agency.

S.C.K./C.E.N.'s research and development activities in this field are carried out in close collaboration with the operators,
namely FBFC and Belgonucleaire.

4.4.2. INTERNATIONAL RESEARCH AND DEVELOPMENT CO-ORDINATION

4.4.2.1. IAEA advisory group and ESARDA working group

The international co-ordination is outlined in various working groups of IAEA and ESARDA, dealing with technical and
practical aspects of safeguards such as destructive and non-destructive analysis, containment and surveillance, statistics
for nuclear material acountancy. S.C.K./C.E.N. has actively participated in these working groups.

4.4.2.2. International Working group on Reprocessing Plant Safeguards

IWGRPS has been set up by the IAEA with the following objectives:

- to assist the IAEA in conducting a comprehensive study of Safeguards systems and techniques for reprocessing
facilities;

- to co-ordinate the research and development work related to the comprehensive study in Member States and in the
Agency;

- to produce a report giving the results of the comprehensive study above.

4-23



The members were: Australia, Belgium, Canada, France, The Federal Republic of Germany, India, Italy, Japan, UK, USA,
CEC and IAEA.

Early material submitted to the Group suggested that there were widely differing views as to how such facilities should
be safeguarded. During the discussions, many of these apparent differences were resolved. While some differences
remained, particularly regarding the main process area, all members agreed that the approach to safeguards at reprocessing
plants should be based on material accountancy and containment and surveillance, with Agency verification of measured
material flows and inventories.

The report to the Director General of the IAEA (September 1981) summarized the progress the Group has made, gives
the main conclusions of the Group and makes suggestions for future R&D work.

4.4.2.3. ESARDA Symposium

The European Safeguards Research and Development Association (ESARDA) held its third Annual Symposium (250
participants) at KfK on 6-8 May 1981.
S.C.K./C.E.N. was in charge of the chairmanship of the Scientific Secretariat, in collaboration with ISPRA and KfK.

The Proceedings have been published [2,25].

4.4.3. RESEARCH ACTIVITIES

4.4.3.1. Optimization of NDA measurements in field conditions for safeguards purpose (IAEA Contract RB/2274)

The first progress report [145] describes the results of measurement campaigns using the high-level neutron coincidence
counter (HLNCC), the high resolution gamma ray spectrometer system (HRGRS), a portable neutron assay system for
PWR fuel assemblies and a small sample calorimeter system for non-destructive assay of mixed oxide fuels.

The HLNCC has been calibrated for the assay of PuO2 powder (20 % 240Pu), in cylindrical containers, for PuO2 weights
up to 3 kg. Samples of similar material can be assayed to 1 % in 1000 s. Pu isotopic ratios of Pu in bulk (eight samples)
have been determined using the HRGRS and the results are compared with mass spectrometric determinations. The results
of the passive and active neutron counting collar with Am-Li source and two He-4 detectors, confirmed the results obtained
previously at LASL.

A new neutron collar device has been designed by LASL; the second progress report [3] describes this device and presents
the first results of its testing.

The fuel assembly is surrounded by three He-3 detector banks and the Am-Li source moderator (total weight 24 kg). The
electronics are identical to those of the HGNCC and AWCC. The Am-Li source has a neutron yield of approximately
4.5 x 105 n/s.

The first part of the campaign has been carried out on a PWR mock-up, in order to test the response change as a function
of 235U and 238U contents and rod location.

Furthermore, the effects of B4C rods and Cd were also analysed. The second part of the campaign has been carried out
on PWR fuel assemblies at the FBFC facility.

The main results are the following:

a. Active assay for 235U
The statistical precision fora 1000 s run varies from 0.6-0.9 %(1 sigma) depending on the type of assembly. For longer
counting periods, the ultimate precision is about 0.1 percent for repeated runs with a fixed geometry.

b. Passive results for U-238
The counting rates for passive measurements are much lower than in the active case. The standard deviation is 1.6 %
(1000 s), but the results are influenced by neutron background variations.

Furthermore, a field test and evaluation of the coincidence collar has been carried out at FBFC (June 10-17, 1981). The
results will be published in the third progress report.

4.4.3.2. Pu Interlaboratory Comparison (ESARDA Non-destructive Working Group -NDA WG)

A measurement campaign using high resolution gamma-ray spectrometry has been carried out en PuO2 powders with
different isotopic compositions (low and high burn-up), ranging from 0.5 to 3 kg PuO2, prepared for the IAEA contract
RB/2274, at the Belgonucleaire plant. The aim of the campaign was to refine the method of isotopic ratio determination
on low burn-up Pu and to investigate the possibility of applying the same technique for high burn-up Pu (50 ~ 60 % Pu"239).

The laboratories involved were the following: JRC (Ispra), ECN (Petten), KfK (Karlsruhe), LASL (USA) and IAEA
(Vienna). Preliminary results have been presented at the last ESARDA NDA WG held in Petten (May 1981). These results
called for a confirmation of the declared mass spectrometric values for the high burn-up samples. Samples have been
prepared for this confirmation, using the S.C.K./C.E.N. mass spectrometer.
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4.4.3.3. Isotopic dilution analysis
(R. Boden, P. De Regge)

In the framework of an international laboratory measurement evaluation programme on isotopic dilution analysis
(IDA-80) of reprocessing feed solutions, measurements have been carried out on 66 samples. (Yr'ified values being not
yet available at this moment, only the precision of the measurements can be stated on the basis of duplicate aliquotation,
spiking and measurement. The standard deviation for uranium determination is 0.015 to 0.056%; for plutonium
determination it is 0.020 to 0.056 %.

4.4.3.4. Safeguards Analytical Laboratory Evaluation (SALE)
(R. Boden, L. Vandevelde, P. Diels, P. De Regge)

Quality control for routine analytical services has been assured by continued participation to the SALE programme. For
uranium elemental analysis, a negative bias of 0.2 to 0.3 % has been observed with a reproducibility of 0.12 %. Plutonium
elemental analysis by coulometry shows no detectable bias, but has a reproducibility a bout 0.23 %. The accuracy for
isotopic analyses of 235U and 239Pu is better than 0.1 %. Some improvement is needed for U determination in mixed oxide
samples and 241Pu isotopic abundance measurements.

4.4.4. SYSTEM ANALYSIS

Error analysis of the plutonium balance of a model mixed oxide fuel fabrication line

S.C.K../C.E.N. and Belgonucleaire have carried out an error analysis of the plutonium balance of a model mixed oxide
fuel fabrication line. The results have been published in [2].

This study reveali the relative importance of the different error components of the material balance and their consequences
for the operator's detection capability in both the protracted and the abrupt diversion, with and without hidden inventory
in the process line.

This study will constitute the basis of the future research work in the mixed oxide fabrication plant, with a throughput
varying from 300 to 1500 kg Pu.
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Chapter 5

ORIENTED BASIC RESEARCH

5.1. MATERIALS SCIENCE
(J. Nihonl)

Apart from the research projects described elsewhere in the present report, fundamental research related to materials
science was continued in the field of structural and physical properties of various solid materials.

By means of neutron diffraction, the rotational movements of phase transitions have been identified in KNH2.

Electron microscope observations allowed thestudy of the structure of various materials, more particularly of binary alloys
and of intermetallic compounds. In this way, superstructures have been examined in Cu-Ti systems, as well as dislocation
structures in Al2Zr3. High-resolution observations have also been made in connection with dishydratation reactions
(goethite-hematite). Studies by coincident lattices on the structure of the grain boundaries in cubic and hexagonal systems
have been continued.

Internal friction measurements, completed by electron microscope examinations, have been carried out in view of
establishing the relation between microstructure and thermomechanical treatments of zirconium. Relaxation effects have
also been studied in PVDF polymers containing different crystalline phases.

Thermophysical orientation measurements have been carried on a commercially available lamellar carbon material, in
view of a possible industrial contract.

Theoretical support was further given in the field of diffraction physics and of the quantum theory of electronic structures
in solids.

These programmes were carried out in close co-operation with Belgian and foreign laboratories and largely within the
scope of associations with K.U.L., L.U.C., R.U.C.A., U.L.B.-I.R.E., V.U.B. and Universite de Caen.

5.1.1. ELECTRON MICROSCOPY
(P. Delavignette, S. Amelinckx, J.G. Anlonopoulos*, A.Art**, G.L. Bleris***, M. Ghadsi**, S. Hagege4*,
Th. Karakostas***, G. Nouet4*, E.K. Polychroniadis***, J. Van Landuyt5*, J. Vicens4*, F. Watari6*)

* Demokritus University of Thrace, Xanthi (Greece)
Universite Libre de Bruxelles
Physics Depariment, Aristotle University, Thessaloniki (Greece)
I.S.M.R.A., Universite de Caen, 14032, Caen Cedex (France)
R.U.C.A., Antwerpen
University of Tokyo, Bunkyo-ku, Tokyo 113 (Japan)

The grain boundaries observed in a polycrystalline material are generally not simple contact boundaries between two
crystals at random orientation, but often present well defined orientation relationships, characteristic of a coincidence site
lattice (CSL) [181,183]. The form of the rotation relationship describing a CSL has been rigourously studied for the cubic
system [34] and for the hexagonal system. It has been possible, from this study, to deduce different essential properties
of the rotation matrix and of several of its elements, such as the multiplicity X, the rotation axis, the rotation angle. This
analysis has allowed a method to be proposed for the generation of tables of CSL's in these systems.

A procedure has been developed for the determination of the expressions for the rotation relationship, characterizing a
grain boundary, as observed in a transmission electron microscope. After appropriate transformation of these expressions,
they are compared for identification to tabulated CS.L's. An observed grain boundary is associated to a particular CSL
when the product of their respective rotation matrices describe a small angle rotation [32]. The properties of such a small
angle rotation matrix have been analysed in detail. In particular, this last rotation may be expressed in terms of dislocations
describing a small angle rotation similar to those proposed for subgrain boundaries. The complete procedure has been
computer-programmed [33], in order to have a rapid and automatic characterization of any observed grain boundary.

Tables of CSL's have also been established for the hexagonal system. Every rational value for the expression t2/a2 gives
a different table of CSL's. It has, however, been shown that, for a particular crystal, i.e. for a particular axial ratio r/a,
considering a reasonable deviation around that value and limiting the multiplicity to a particular maximum value, only
a finite number of rational r2/a2 values lead to CSL relations. Therefore, a method is proposed for the characterization
of a grain boundary in hexagonal crystals on the same basis as for the cubic crystals, and for which the deviation of the
effective axiai ratio from the value deduced from the rational r2/a2 expression will be associated to misfit dislocations [215].

Different experimental studies support th;se concepts. A detailed analysis of a particular CSL (£ = 27) has been carried
out in aCu-Nialloy, and different CSL's have been observed in other cubic crystals :Si and V [44,56,216,217]. Hexagonal
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crystals have also been analysed for different axial ratios: WC (r/a = 0.98), Zr (r/a = 1.59), SiC (r/a = 3.27)
[39,44,56,215,216,217].

The presence in the same material (Zr) of different CSL's characterized by different rational values for rVa2, is presented
as a proof of the validity of the present approach, based on the model of the existence of misfit dislocations.

A method for the precise determination of various orientation elements in a subgrain boundary has been established : the
small rotation angle and rotation axis using the displacement of Kikucki lines, crystal orientations, grain boundary
orientation, dislocation orientation. This allows a complete analysis of a subgrain boundary in a transmission electron
microscope, and the method is particularly attractive since all calculations are operated on a programmable pocket
calculator. The method allows a precise quantitative determination of the components of Burgers vectors of dislocation
arrays leading to relative misorientations.

Different superstructures have been studied in the Cu-Ti system for compositions ranging between CuTi and Cu2Ti. New
intermediate phases are described on the basis of the already known phases; they are due to different stacking sequences
of Cu and Ti layers. Dislocation structures have been analysed in Al^Zr for isolated dislocations and for dislocations in
subgrain boundaries.

A detailed analysis by high resolution electron microscopy has been carried out on the structural aspects of the dehydration
reaction of goethite into hematite.

5.1.2. NEUTRON DIFRACTION STUDIES ON REORIENTATIONAL MOTIONS OF NH2 GROUPS IN POTAS-
SIUM AMIDE
(L. Tielemans*, W. YVegener, S. Hautecler, E. Legrand, L. Van Gerven**, A. Dianoux3*, P. Vorderwich4*,
K. Parlinsky5*)

* l.l.K.W. bursar
•* K.U.Leuven
*** I.L.L. Grenoble, France
4* Hahn Meitner Institut, Berlin, F.R.G.
5* Institute of Nuclear Physics, Cracow, Poland

K.NH2 appears under three solid phases. From the analysis of neutron diffraction data, done by Nagib et al., it was
concluded that the NH2 groups are freely rotating in the cubic phase (T > 348 K); these rotational motions of the amide
ions are restricted to very strong precessions in the tetragonal phase (326 K. < T < 348 K) and to large amplitude rocking
vibrations in one plane in the monoclinic phase. Our neutron spectra exhibit a quasi-elastic scattering contribution at all
sample temperatures between 303 K and 384 K. In a preliminary analysis, we have extracted the intensities of the elastic
and quasi-elastic components. The results can be accounted for by describing the rotational motions of the NH2 groups
as jump reorientations between equivalent equilibrium orientations. In the monoclinic phase, 180° jumps occur around
the molecular axis; in the tetragonal phase, one has 90° jumps around the fourfold crystal axis, while in the cubic phase,
120° jumps around the threefold crystal axes seem to be favoured. In some cases, preliminary values of residence times
have been obtained from lineshape fits. These measurements have been carried out at the I.L.L. Grenoble.

Analysis of the results led to the conclusion that the cubic to tetragonal transition is exclusively caused by a change in
rotational motions, while in the transition tetragonal to monoclinic, also phonons are involved.

5.1.3. INTERNAL FRICTION

5.1.3.1. Internal friction of zirconium
(L.T. Miyada, R. De Batist)

The internal friction spectrum of 99.99% pure zirconium in the temperature range between 80 and 300 K has been further
studied. The stability and reproducibility of the spectrum has been increased by using better defined annealing and
deformation treatments. This has allowed the determination of the activation parameters for the various relaxation
processes, occurring in the temperature range under investigation.

Transmission electron microscopy observations have been carried out with the aim of evaluating the annealing treatment
to be applied to zirconium specimens, in terms of hydride content and dislocation microstructure. Further TEM studies
are made to try and correlate the dislocation microstructure observed following different thermomechanical treatments
with the internal friction spectra.

5.1.3.2. Relaxation effects in PVDF
( K. De Moor*, R. De Batist)

* R.U.C.Antwerpen (I.I.K.W./I.I.S.N.)

The effect of crystal structure on the relaxation behaviour of PVDF has been further studied by means of dielectric loss
experiments, carried out at the University of Antwerpen. These experiments have revealed differences in the a relaxation
peak range between specimens containing different crystalline phases. Attempts to prepare, by means of co-extrusion, wire
specimens suited for internal friction experiments in the liquid nitrogen and liquid helium torsion pendulums have not
yet been succesful.
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5.1.4. THERMOPHYSICAL MEASUREMENTS
(R. Dc Coninck)

High-temperature measurements of thermal diffusivity, thermal conductivity and thermal spectral emissivity have been
started on some lamellar carbon/carbon specimens, on behalf of a French industrial firm.

5.2. NUCLEAR AND NEUTRON PHYSICS
(M. Neve de Mevergnies)

This research, carried out by means of the neutron sources available at Mol (BR1 and BR2 reactors and linear accelerator
of CBNM), is related to nuclear physics and to solid state physics.

An important part of this research is oriented towards topics presenting potentiel interest for specific applications. More
particularly, in the field of neutron spectrometry, the resonance parameters of iron and chromium isotopes, which are
important structural materials for fast reactors, have been determined. The systematic study of (n,a) reactions induced
by thermal neutrons, more specifically in 232Th and 239Pu, has been continued. A precise measurement of the fission
cross-section of 24lPu for neutrons of 0.01 eV up to 100 keV has been realized; 239Pu presents a growing importance in
highly-irradiated nuclear fuel. With regard to laser isotope separation by laser, the study of the separation of tritium,
present in water as HTO, has been started in view of a possible application to liquid effluents from the reprocessing of
nuclear fuel.

More fundamental studies in the fields of nuclear spectroscopy, fission and solid state physics have also been continued
in association with various Belgian universities.

More particularly, the method of neutron capture gamma-ray has been applied to the study of various isotopes of
gadolinium, europium and osmium. It has also been tried to improve the theoretical description of the nuclear interaction
determining the energy levels of the nuclei around mass 10 (e.g.1' B). The study of the so-called "ternary" fission has been
continued. Finally, the technique of inelastic scattering of slow neutrons has been applied to the study of the crystalline
field of certain rare earth carbides.
An important effort has been devoted to the construction of a new time-of-fiight neutron spectrometer, to be installed at
the new Orphee reactor at Saclay. This project is realized in the scope of an association with various Belgian university
groups.

5.2.1. EXPERIMENTAL NUCLEAR PHYSICS

5.2.1.1. Neutron spectrometry

The major part of the measurements reported below is carried out in the framework of the joint
S.C.K./C.E.N.-C.B.N.M.-R.U.C.A.-V.U.B. neutron cross-section programme.

Neutron resonance parameters of 32S
(C.R. Jungmann*, E. Cornells**, L. Mewissen, F. Poortmans, H. Weigmann*)
• C.B.N.M., Geel
*• R.U.C.Antwerpen

The resonance parameter analysis of the high resolution total cross-section and differential elastic scattering data on 32S
has been completed. The distribution of neutron strength was determined for s l /2 , pl /2 , p3/2, d3/2, d5/2 and f-wave
levels up to 1.7 MeV.

Our results have been compared to theoretical calculations by Halderson et al. A reasonable agreement is found.

In the range of excitation energies in 33S covered by the present measurements, several T = 3 / 2 levels are expected. One
of them, the analogue to the 3.49 MeV (5/2+) level in the parent nucleus 33P, has been identified as the resonance, at 353.57
keV neutron energy. From the neutron width of this resonance an estimate of the isospin mixing matrix element of 18 keV
has been obtained.

Neutron resonance parameters of structural materials for fast reactors: 5o,52,53Cr ancj 54,56.57pe

(E. Cornells**, L. Mewissen, F. Poortmans)
*• R.U.C.Antwerpen

The analysis of the transmission data is in progress. Part of the data below 400 keV has been analysed using the FANAL
code(F.N. Fröhner, Report KFK.2129,1976). This code makes use of a two-channel Reich-Moore multilevel formula for
the s-wave channels, but a single-level Breit-Wigner formalism for the p, d, etc.-wave channels.
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High resolution total cross-sections measurements on light elements
(F. Poortmans, L. Mewissen)

Precise total cross-sections of elements which very probably will be present in the blanket or the shielding of a fusion
reactor, are of importance with respect to the determination of the thickness of the shielding for the superconductivity
magnets. For that reason, we have carried out a series of high resolution transmission experiments on carbon, oxygen and
silicon, in the energy range from 300 keV up to 25 MeV. The analysis of the data is in progress.

The 33S (n,a) reaction in the resonance region
(C. Wagemans*, H. Weigmann**)

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

A series of measurements on the 33S(n,a)30Si reaction has been started. Preliminaiy results have been obtained in the
neutron energy region from thermal up to 400 keV.

Thermal neutron induced (n,a) and (n,p) reactions
(C. Wagemans*, P. D'Hondt***, E. Allaert+, A. Emsallem+ +, G. Barreau+ + +, R. Brissot+ + +)

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

I.W.O.N.L./I.R.S.1.A., R.U.Gent and S.C.K./C.E.N.
+ Universite de Lyon
+ + ILL, Grenoble

Very little is known about these reactions, which, in the case of the actinides, the fission products and the structural
materials, can have some importance for reactor physics purposes.

These measurements were carried out at the intense thermal neutron beam facility of the Grenoble High Flux Reactor.
The experimental conditions available there are ideally suited and unique.

In the actinide region, upper limits of 1 resp. 370 ̂ b were determined for the 232Th resp. 239Pu (nlh,a) reaction cross-section.
In the rare earth region, the (nth,a) reaction was studied for several Sm and Hf isotopes. The most complete results were
obtained on the I77Hf(n[h,a)174Yb reaction. Here, the ground-state transition, as well as transitions to four excited states
in 174Yb, have been observed.

In anotherseries of measurements, we are studying gas producing reactions in fission products. As a first result, we obtained
a value of 0.5 jj.b for the lo5Pd(nth,a)IO2Ru reaction cross-section.

Finally, a series of measurements on lighter nuclei has been started. Preliminary results were obtained for 32S, 33S, 40Ca
and 41Ca(nlh,aj.

5.2.1.2. Fission

5.2.1.2.1. Joint S.C.K./C.E.N.-C.B.N.M.-R.U.Gent programme on fission physics and standards

The 241 Pu(n,f) reaction cross-section
(C. Wagemans*, A. Deruytter**)

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

A series of measurements on the 241Pu(n,f) cross-section was carried out at the linear accelerator of C.B.N.M., Geel. The
neutron energy range from 10-2 eV up to 105 eV was covered, allowing a normalization to the 2200 m/s reference
cross-section.

The low energy part of the data has already been analysed; it confirms and improves our previous results, which were the
basis of the ENDF-BV evaluation. The analysis of the high energy part is underway.

Fission fragment mass-and energy-distributions for the thermal neutron induced fission of 24lPu and the spontaneous
fission of 242Pu and 244Pu
(E. Allaert***, C. Wagemans*, G. Wegener-Penning+, A. Deruytter**)

* N.F.W.O./F.N.R.S., R.U.Gent and S.C.K./C.E.N.
" C.B.N.M., Geel
*** I.W.O.N.L/I.R.S.I.A., R.U.Gent and S.C.K./C.E.N.
+ S.C.K./C.E.N. Guest Scientist

The mass-and energy-distributions of the fission fragments produced in the thermal neutron induced fission of 24lPu and
in the spontaneous fission of 242Pu and 244Pu have been studied. The thermal neutrons were produced by the linear
accelerator of C.B.N.M., Geel. Pulse-height spectra of coincident fission fragments were recorded with two colinear
surface barrier detectors. These data are transformed into mass-and energy-distributions via a suitable calibration method
and using the mass and momentum conservation relations. The analysis reveals several striking differences between the
spontaneous fission of 242Pu and the thermal neutron induced fission of 24lPu.
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Fission fragment mass-and energy distributions for the resonance neutron induced fission of 235U and 241Pu
(E. Allaert*, C. Wagemans**, G. Wegener-Penning***, A. Deruytter+)

• I.W.O.N.L./I.R.S.I.A., R.U.Gent and S.C.K./CE.N.
*• N.F.W.O./F.N.R.S, R.U.Gcnt and S.C.K./C.E.N.
••* S.C.K./C.E.N. Guest Scientist
+ C.B.N.M, Gcel

Complementary to the measurements reported above and using the same apparatus, a series of measurements of the fission
fragment mass-and energy distributions in the 241Pu(n,f) and in the 235U(n,f) resonances has been carried out. A partial
analysis of the 235U(n,f) resonances reveals a correlation between the average total fission fragment kinetic energies and
the resonance K-values. As for 241Pu(n,f), the analysis is under way.

5.2.1.2.2. Joint S.C.K./C.E.N.-R.U.Gent -ILL Grenoble programme on fission physics

The measurements reported here were carried out at the Grenoble High Flux Reactor.

Ternary fission studies •*
(P. D'Hondt++, C. Wagemans**, E. Allaert*, A. DeClercq++, G. Barreau + + +)

I.W.0.N.L./1.R.S.I.A., R.U.Gent and S.C.K./C.E.N.
• N.RW.O./RN.R.S., R.U.Gent and S.C.K./C.E.N.

C.B.N.M., Gecl
R.U.Gent

+ ILL, Grenoble

An additional measurement of the ternary alpha particles emitted during the thermal neutron induced fission of 237Np
enabled to obtain more accurate parameters for the ternary alpha energy distribution.

For the thermal neutron induced ternary fission of 239Pu, some preliminary results were obtained for the energy
distributions and the yields of particles with Z > 2. These measurements are being continued.

Fission fragment mass-and energy distributions
(C. Wagemans*, E. Allaert**, P. D'Hondt***, F. Caitucoli+, P. Perrin++)
• N.F.W.O./F.N.R.S., R.U.Gent and S.C.K./C.E.N.
•• 1.W.0.N.L./I.R.S.1.A., R.U.Gent and S.C.K./C.E.N.
*•• R.U.Gent
+ ILL, Grenoble

The study of the 237Np and 241Pu(n,h,f) fragment mass-and energy distributions and their correlations has been finalized.
In both cases, the global mass distribution is rather smooth. When low excitation events are selected, however, fine
structures are observed in the corresponding mass-distribution.

These results, combined with the post-neutron emission mass distribution also enabled to calculate the fission neutron
emission curve as a function of the fragment mass. Both v (m)-curves show the well-known saw-tooth shape.

5.2.1.3. Nuclear spectroscopy

This programme is carried out in the framework of the S.C.K../C.E.N.-K.U.L. and C.E.N./S.C.K..-U.L.B.-I.R.E.
associations.

Thermal neutron capture in l52Gd, 153Gd, 153Eu and 155Eu
(A. Spits*, P. Van Assche)

• Visiting scientist. The Netherlands

In a co-operative effort of EG&G, Idaho and S.C.K./C.E.N., a comparative study of capture in 152Gd of thermal neutrons
and of 2 keV neutrons has been initiated. The level schemes of 153Gd and l54Gd could be extended to more than 90 levels
for each nucleus.

At the request of the University of Riga, a decision for further evaluation of spectra from neutron capture in 153Eu was
made for the run in which double and triple capture was most prominent.

Neutron capture y-rays with Ge(Li) detectors
(J.C. Dehaes**, P. Fettweis)

•• U.L.B., Bruxelles

Primary-secondary as well as secondary-secondary y-y coincidences following the reaction 187Os(n,y)l88Os have been
taken, using the Ge(Li) spectrometer located on the Rl-beam hole of BR2. Several cascades deexciting the capture state
to the ground state could be seen, leading to a neutron binding energy of 7989.4 ± 0.3 keV, while for the
secondary-secondary y-rays, a large overlap is found with the 188Ir and l88Re decay data.

Furthermore, a direct y-spectrum has been taken and analysed with the help of the SAMPO programme. Ritz
combinations, together with the coincidence data, lead to a consistent level-scheme of t88Os, including 39 primary
transitions and 55 excited levels. Many of the important secondary y-rays are multiplets.
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Study of the excited levels or 97Pd and 97Rh
(P. Fettweis, P. del Marmol, M. Degreef*, P. Duhamel*, J. Vanhorenbeeck**)
• U.UBruxellcs
*• F.N.R.S./N.F.W.O.

The study of the excited levels of 97Pd by in-and out-beam direct y-spectra and y-Y coincidence spectra following the
reaction 96Ru(3He,2n)97Pd, carried out at the cyclotron of Louvain-la-Neuve, has been completed. The final results,
including a detailed discussion, are in press.

Together with this reaction, the 96Ru(3He,np)97Rh reaction is observed. The direct and coincidence y-spectra have been
analysed and a 97Rh level scheme has been constructed. Angular correlation measurements are in progress.

5.2.2. THEORETICAL PHYSICS

This programme is carried out in the framework of the S.C.K./C.E.N. association with R.U.C.A. and L.U.C.

A new central interaction for the second half of the p-shell
(M. Bouten*, M.C. Bouten)
• L.U.C., Diepenbeek

The study of the dependence of the magnetic moment of " B on the two-body interaction has suggested the construction
of a new central interaction for use in variational calculations in the second half of the p-shell.

The new force was used in an intermediate coupling calculation for n B, taking the lowest three partitions into account.
A satisfactory fit to the experimental energy spectrum is obtained for a spin-orbit force of 2.5 MeV. This has as a
consequence that the resulting wave functions are now much closer to the LS-coupling limit than in our previous
calculation with the Volkov force. The corresponding magnetic moment acquires a value of 2.38 n.m., sufficiently close
to the experimental value 2.69 n.m. A report on these results has been prepared.

PHF calculations for light nuclei
(E. Flerackers*, M.C. Bouten, M. Bouten*)
* L.U.C., Diepenbeck

For certain nuclei in the p-shell, it is known that triaxial deformations are important. During previous years, a new
computer programme has been elaborated which allows PHF calculations with triaxial deformed intrinsic states. This
programme has been further optimized.

Rotations and probability current
(M. Bouten*, M. Rosina0, P. Van Leuven + )

• L.U.C., Diepenbeek
0 Jozef Stefan Institute and University of Ljubljana
+ R.U.C.A.

In collaboration with the University of Ljubljana, a study of flow-line patterns for rotational wave-packets has been
completed. A comparison between exact (Schrödinger) and TDHF-time evolution shows that for times smaller than the
characteristic relaxation time, the TDHF-approximation is good. A study of this problem in more complicated models
is in preparation.

5.2.3. NEUTRON INELASTIC SCATTERING BY CONDENSED MATTER

Crystal field splitting in light rare-earth dicarbides
(W. Wegener, S. Hautecler, A. Furrer*, W. Biihrer*)
* ETH Zürich

In PrC2 spectra, some inelastic peaks could be assigned to transitions between sublevels for Pr-1+ ground state split by the
crystalline electric field (CEF) and the molecular field (MF). Using starting values derived from CEF parameters of CeC:,
the theoretical cross-section was fitted to the PrCi specira in the paramagnetic and in the antiferromagnetic phase. In spite
of the relatively high number of parameters and sublovels and in spite of some poorly resolved peaks, one could come
to a unique set of CEF and MF parameters. A self-consistent calculation of the zero-field magnetisation as a function of
T using the obtained parameter values revealed jo.(o) = 2.5 JJLD and TN = UK, which is in reasonable agreement with other
experimental results. Under the conditions of this study, no CEF transitions could be identified in the NdC2 spectra. This
can be explained by an insufficient instrumental resolution and a very small overall splitting for NdC2.

The Belgian time-of-flight (TOF) spectrometer at the ORPHEE reactor in Saclay
(S. Hautecler, L. Bevaart*, E. Legrand)

• 1.I.K.W./I.I.S.N.

In the framework of a collaboration in the field of neutron scattering, S.C.K./C.E.N. is installing a TOF neutron
spectrometer at the ORPHEE reactor of the Laboratoire Leon Brillouin (Saclay). This instrument is located at the end
of the neutron guide G6, which supplies a neutron spectrum with wavelengths in the range 2 A to 15 A, with a maximum
at 4.5 Ä.
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Fig. 5.2.3. Schematic lay-out of the six-chopper neutron time-of-flight spectrometer being built at the ORPHEE Reactor in Saclay. The energy
of the neutrons incident on the sample being studied, is essentially determined by the phase angle between the two pairs of choppers I and
4. The resolution is dictated by the rotational speed chosen for these choppers. Higher-order contamination (i.e. neutrons with velocities
different from the selected one) is eliminated by chopper 2, and the overall repetition rale of the neutron bursts is controlled by chopper 3,
which may be allowed to rotate at another speed than the others.

He detectors

straight neutron guide

end of neutron
guide G6

6 synchronized choppers

Fig. 5.2.3 shows schematically the six-chopper TOF spectrometer.

The sample table, the flight path of the scattered neutrons and the shielded chamber which houses these parts, and the
detectors, have been completed and assembled in the BRl hall before transport to Saclay. At present, several parts have
been mounted at the end of the guide tube G6 in the neutron guide hall of the Orphee reactor.

The 3He counters can be positioned vertically or horizontally at pre-selected angles around the sample table, with a radius
of 3.5 m. Based on the experience of a detector-holder prototype, the fabrication of fifty holders has been started.

The 96 3He detectors will be distributed in 16 columns; in combination with a routing unit and a time coder, they provide
16 TOF spectra simultaneously. This information is stored in a buffer memory, and from time to time sent to a
Honeywell-Bull 6/43 minicomputer, via a microprocessor. All the electronic components for the TOF spectrometer are
now available. They will be connected with the Honeywell-Bull-Mini 6 computer via an Intel 8086 microprocessor. The
programming of both the microprocessor and the minicomputer is in progress.

5.2.4. DATATION WITH NATURAL RADIOISOTOPES

5.2.4.1. Underground water
(C. Hurtgen, G. Koch, P. del Marmol, F. Verhoeven)

To obtain information on the age, flow and possible interconnections of the underground aquifers in the neighbourhood
of the Boom clay under the S.C.K./C.E.N. site, measurements of the I4C activity of these waters were undertaken. These
measurements are to be correlated to flow and diffusion measurements as reported in par. 4.2. The interpretation of the
results is closely dependent on the chemical analysis (pH, ionic content) of these waters.

In a first stage, 13 water samples were taken, one every' 15 meters depth along the storage well, and analysed for their tritium
content. The latter was found to be present at about a constant level in all the samples due to the use of surface water for
the boring of the well. Thus, in this case, tritium is not appropriate for dating the underground aquifers.

In a second stage, four water samples were pumped from wells in Arendonk (at 21 m, 83 m, 211 m and 376 m), four on
the S.C.K./C.E.N. site (at 250 m, 325 m, 450 m and 570 m) as well as surface samples. The water volume collected for
each experiment was 300 to 500 liters, from which carbon was precipitated as BaCO3, which was further purified and
processed for counting.
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The I4C measurements are in progress and three samples are being measured independently at Louvain-la-Neuve for
confirmation.

The stable isotopic ratios I3C/12C and 18O/I6O are being measured at the "Laboratoire d'hydrologie et de geochimie
isotopique" at Orsay.

5.2.4.2. Geological samples
(M. Gewelt*, C. Hurtgen, G. Koch, F. Vcrhoeven)

• N.F.W.O /F.N.R.S.-fcllow, Universite de Liege.

Calcium carbonate deposits (speleothems) from Belgian wells are studied in order to obtain paleoclimatic and
geomorphological data on the Holocene and late Pleistocene periods.

In a first stage, datations of calcite samples are undertaken with t4C measurements. When the radiocarbon iges are older
than 30,000 years B.P., age determinations will be done through the uranium series disequilibrium method.
The stable isotopic ratios t 8O/ l6O and 13C/12C which, in some cases, permit paleotemperature interpretations, will be
measured at the University of Liege.

5.2.5. LASER ISOTOPE SEPARATION
(P. del Marmol, M. Neve de Mevergnies)

5.2.5.1. Separation of tiitiated water HTO*
* In collaboration with A. Druggeman and P. Lacncn (I.U.A.M. Trainee)

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 spent 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: isotopic exchange
between HTO and a suitable protonated gaseous compound followed by the photodissociation of the tritiated compound
by a CO2 laser.

We have investigated, among others, the candidate molecule CHF3.

Tritiated fluoroform CTF3 is known to have its v2 absorption band around 1077 enr1, i.e. within the frequency range of
the CO2 laser. Additionnally, the tritium exchange reaction of CHF3 with HTO is known to occur fairly easily. Thus, this
molecule is attractive for the separation of tritium from water.

Starting from the exchange reaction (CHF3 + HTO - CTF3 + H2O), the selective photodissociation (CTF3 + hv - 1/2
C2F4 + TF) around 1077 enr1 is being studied. The selective dissociation of CTF3 has been confirmed. In addition, two
striking features are apparent: (i) the product C2F4 is highly enriched in 13C, and (ii) the dissociation yield increases sharply
with gas pressure, due to rotational relaxation effects.

5.2.5.2. PHOTODISSOCIATION OF CF3CI

Our previous study of the multiphoton dissociation of CF3C1 by CO2 laser pulses under focused geometry and preferential
excitation of 13CF3Clat (v = 1071.9 cm-1), showed that the dissociation probability increases almost linearly with gas
pressure in the range 0.25 - 8 Torr.

A possible explanation is a "rotational bottle-neck" effect. The laser light interacts resonantly with only a small fraction
of the rotational sublevels of the ground vibrational level of the target molecule. If the rotational relaxation is slow
compared to the transition rate across the excited level spectrum, a "hole" appears in the ground level, and this acts as
a rate-limiting step in the cascade excitation of the molecule. When this hypothesis is introduced in the differential
equations describing the excitation, an excellent fit of the result for CF3C1 under focused beam geometry is obtained, with
a value for the rotational relaxation constant of 4 x 107 s'.Torr1.

5.3. RADIOBIOLOGY

The radiobiology programme is composed of the following major projects:

- somatic effects of ionizing radiation;
- genetic effects of ionizing radiation and J-.u;iical mutagens;
- metabolism and biological effects of radionuclides 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.
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As part of these major projects, special attention has been paid to: the pathogenesis of radioinduced leukemia and
osteosarcoma; the pathogenesis of non-neoplastic 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 different 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 americium-241 by a
freshwater invertebrate; the toxicity of cadmium, selenium, lead and zinc; the toxicity of some chemical mutangens; 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 answer
to a real need of the Belgian chemical industry. Indeed, legislation is in preparation for the countries of the Common
Market 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 internatinal organizations, such as the National Foundation for Scientific Medical Research
(FRSM), EURATOM, the Fonds National de la Recherche Scientifique (FNRS), the C.E.C., the European Late Effects
Project Group (EULEP), NATO and the Deutsche Schutzkommission of the German Federal Republic. The programme
is being carried out in close collaboration with Belgian and foreign laboratories.

5.3.1. SHORT-TERM EFFECTS OF IONIZING RADIATION

5.3.1.1. Biology and Radiobiology of Acctabularia, Batophora and Bocrgcsenia
(S. Bonotto, A. Liittke*, D. Hoursiangou-Neubrun**, S. Puiscux-Dao**, E. Dujardin***, C. Sironval***,
R. Kirchmann)

• CEC Bursar
" Laboratoire de Biologie Cellulaire Vegetale, Universite de Paris VII
••* Departement de Botanique, Universite de Liege

It has been found that, in X-irradiated Acetabularia cells, morphogenesis of whorls, caps and cysts are accompanied by
morphological alterations. Microscopical examination of cyst bearing caps in irradiated cells has shown the presence of
giant cysts neighbouring particularly small ones. Photographic recording of cyst development revealed that the
multinucleate cytoplasm partitions into multinucleate portions rather than uninucleate ones as in the control cells. After
complete cleavage, a cyst wall is deposited into the multinucleate cytoplasm. In contrast to uninucleate cysts with one lid,
the wall contains multiple lids. Their number appears to correspond to the number of nuclei in the cytoplasm compartment
during cleavage. The results suggest that X-rays preferentially inhibit the synthesis of a factor, which plays a role in
establishing a normal spatial morphogenetic pattern necessary for cyst formation.

Abnormal cysts were also observed in X-irradiated Batophora cells, which, like Acetabularia cells, are particularly
radioresistant. The alga Boergesenia, on the contrary, is more radiosensitive. A study has been undertaken on the effects
of X-rays at the subcellular level. The chloroplasts of normal and X-irradiated cells are studied by various techniques
(electron microscopy, fluorescence emission at low temperature, biochemical analyses).

Fig. 5.3.1.1. Two cells of'Boergesenia forbessi. The large size of the
cells (up to 10 mm) permits withdrawing of the vacuolar content for
chemical and radioanalysis.
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5.3.1.2. Action of radiation on blood flow and blood pressure in the irradiated rat
(R. Timmermans, G.B. Gerber*)

* EURATOM

Contract: Deutsche Schutzkommission

The changes in blood flow, blood pressure and vascular permeability observed in rats following doses of 800 or 2000 R,
apparently reflect altered receptor activities, and this is confirmed by the reactions to treatment with different biogenic
amines and/or receptor blocking agents. A direct determination of receptor activity by means of recently developed
radioactive ligands, was thought to be a more direct approach to the study of these effects and to the search for means
to treat the disturbances in circulation after irradiation. Studies with 125-iodopindolol, 125-iodocyanopindolol or tritiated
dihydroalprenolol using preparations of the mesenteric artery from rats, yielded a large non-specific absorption. Similar
preparations from rabbits appeared more suitable, but showed a still unacceptably large non-specific absorption.
Beta-receptor activity in preparations made from rabbit heart were therefore chosen and the newly developed radioactive
ligands, dihydroalprenolol and iodocyanopindolol, were utilized. Non-specific absorption was low, a well defined
Scatchard plot could be obtained and the binding to the receptor could be blocked by specific antagonists (propranolol).
Experiments with irradiated rabbits are now in progress.

5.3.1.3. Changes in radiosensitivity of hemopoietic stem cells during development
(G.B. Gerber*, J. Maes)

* EURATOM

Contract: CCE BIO-D-378-D (RS)

The long term experiments with mice irradiated at an age of 6 days with a single dose or, at an age of 6 and 9 days, with
a fractionated dose, were continued. During the first half year of life, more mice died after fractionated exposure than
after a single one but later on, this difference disappeared. Studies were also started in which the mice were given the
conditioning irradiation in utero and a second exposure immediately after birth. Maternal influences appear, however,
to play an important rale, and early lethality was high.

It had been demonstrated earlier that the Do of hemopoietic stem cells of new born mice is higher than that of adults
attaining the adult value at weaning and than an irradiation with a dose of 150 R reduces this Do to the level of adult
mice. Therefore, it appeared of interest to investigate whether the changes of Do are a specific consequence of an action
of radiation or are only due to the stem cell reduction which activates latent cells with an adult radiosensitivity. Indeed,
treatment of new born mice with different cytostatic drugs (bleomycine, adriamycine, actinomycine-D) causes a decrease
in Do proportional to the action of these drugs on stem cells in spleen and bone marrow.

It was also shown that the sensibilisation by a conditioning radiation with 150 R in 6 days old mice does not occur in
newborn rats and a fractionated radiation is as effective as a single one. Hemopoietic stem cells from rats cannot be assayed
directly in the spleen colony assay as those from mice, but a system was devised in which the rat stem cells gave countable
colonies in good yield in one of our mouse strains (C57/bl). This method is now being used to determine the Do of stem
cells from new born rats.

5.3.2. LONG-TERM EFFECTS OF IONIZING RADIATION

5.3.2.1. Neoplastic effects of ionizing radiations
(M. Janowski, J. Merregaert, L. Michiels*, F. Vander Plaetse)

* Bursar

Ionizing radiations can induce, in mice as in other mammals, a variety of cancers including leukemias and osteosarcomas.
The presently available experimental data suggest that radiation induced carcinogenesis might be the result of the
activation of an oncogene, a normal cellular gene whose expression might be switched on or amplified by a less restrictive,
although yet unknown mechanism. However, one knows that in certain circumstances, an oncogene can escape normal
cellular control to undergo activation by a retroviral promotor which became inserted in its neighbourhood. Our
programme consists in using the retroviral genome as a tool to localize the site at which a given oncogene occurs in the
cellular DNA. This oncogene can then be excized together with its flanking sequences, by using specific restriction
endonucleases. Comparing with each other the flanking sequences from virus-and from radiation-induced tumors as well
as from normal tissues, hopefully will help us to characterize the mechanism of oncogene activation by various retroviruses
(RadLV, osteosarcoma viruses) on one hand, and by radiation-induced DNA modifications on the other hand. Moreover,
where radiogenic leukemogenesis is concerned, we will determine the type and stage of differentiation of the cell(s) offering
a target for neoplasic conversion.

5.3.2.1.1. Molecular mechanism of RadLV-and radiation-induced leukemogenesis in C57BI mice

RadLV is a leukemogenic retrovirus, isolated from a radiation-induced C57B1 mouse thymic lymphoma. We have shown
by restriction enzyme analysis that its genome has become integrated in the DNA of the lymphomas that it induced. The
integration site was the same in all the cells of the various tumors from different animals. This result pleads in favour of
the viral promotor insertion hypothesis. Experiments are under way to test the prediction that the tumor cells should be
thesite of enhanced synthesis of distinct, tumor specific mRNA's. In case of positive results, thus confirming the hypothesis,
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restriction endonucleases will be used to excize the presumed oncogene together with its flanking sequences, allowing us
to investigate them in detail after molecular cloning and sequence determination. Similar experiments performed on
normal and on radiogenic tumor DNA are critical in view of studying the mechanism of radiation-induced
leukemogenesis. Indeed, our recent results from restriction enzyme analyses suggest that it might proceed without requiring
the participation of a provirus. Comparing the sequences which flank the oncogene in normal and in radiogenic tumor
DNA might lead us to characterize the radiation-induced DNA changes provoking oncogene activation.

5.3.2.1.2. The target cells for leukemogenic transformation

Thymic lymphomas induced in C57B1 mice by X-rays or by RadLV have been transplanted in ascites form. Surface
glycoproteins have been analysed by polyacrylamide gel electrophoresis in the presence of sodium dodecyl sulphate, after
lactoperoxidase catalysed iodination. All lymphocytic antigens tested (Ly 5, Thy-1, gp 70 and proteins with apparent
molecular weights 170,110 and 100 thousand) were present on most tumors. Heterogeneity in apparent molecular weight
of several proteins was observed, even among clones derived from a single tumor. Our data support recent views that these
tumors form a heterogeneous group. We therefore suggest that T cells can be transformed at different levels of maturation
or that further differentiation is possible after transformation. Alternatively, one might imagine the occurrence of an
aberrant metabolism of surface glycoproteins in thymic lymphomas, in which case the observed heterogeneity might not
reflect the level of differentiation of these tumors.

5.3.2.1.3. Radiation-and virus-induced osteosarcomatogeiivisis in CF-1 mice

Viruses capable of inducing osteosarcomas are useful tools in the investigation of the mechanism of radiation-induced
osteosarcomatogenesis. They arose as genetic recombinants between a retroviral genome and a cellular transforming gene.
After reintegration in cellular DNA, the transforming gene is expressed by virtue of its control by the accompanying viral
sequences. Moreover, it can be excized with restriction endonucleases, molecularly cloned and used as a tool to assess its
expression in 90Sr-induced mouse osteosarcomes. It also can be used as a tool to determine whether this expression is under
viral control or not; therefore the establishment and characterization of 90Sr induced osteosarcoma cell lines is in progress.
Two osteosarcomagenic virus complexes (FBJ-and FRR -MuLV, MuSV) have been studied in tissue culture. We
characterized serologically the helper virus (FBJ-MuLV) involved in the genesis of osteosarcoma virus (FBJ-MuSV). We
carried out the molecular cloning of its genome, which will allow us to determine by which mechanism it exerts its activating
effect after recombination with the transforming gene.

5.3.2.2. Control mechanisms of gene expression in normal and neoplastic tissues
(L. Baugnet-Mahieu, W. Baeyens)

FRSM Contract

5.3.2.2.1. Nuclear phosphoproteins

Changes in the phosphorylation of various chromosomal proteins have been implicated in aberrations of gene expression
accompanying the malignant transformation.

A comparative study of the phosphorylation patterns of several classes of nuclear proteins in the normal and leukemic
rat lymphoid tissues, has been carried out in our laboratory.

Nonhistone proteins (NHP) were extracted from purified nuclei, labelled either in vivo with 32P-inorganic phosphate, or
in vitro with ATP-y-32P, and analysed by SDS-opolyacrylamide gel electrophoresis and autoradiography. Several
polypeptides, originating from leukemic tissues, showed a significant increase in specific phosphorylation. A highly
phosphorylated polypeptide of 125,000 daltons was abserved after incubation of a purified NHP fraction in the presence
of ATP-y-32P, indicating that the kinase responsible for this phosphorylation, was situated in the same nuclear protein
fraction as its substrate.

Further experiments will be performed in order to determine whether the 125,000 dalton polypeptide is capable of
undergoing autophosphorylation.

On the other hand, it is well documented that proteins responsible for the transformation of virally infected cells to the
malignant state, are closely related with protein kinases (e.g. pp 60 src of avian sarcoma virus, p 120 of Abelson murine
leukemia virus). In this case, phosphorylation is expected to take place on tyrosine residues.

In the NHP fraction of leukemic rat spleen, phosphoproteins of 125,000 and 54,000 daltons were found to be labelled on
the serine and threonine residues, indicating the activation of the transcription of cellular gene(s), instead of viral gene
products. Proteins associated with the nuclear matrix and with the nuclear pore complex, purified from leukemic rat tissues,
also contain several highly labelled phosphopeptides. At least one of them was found to be phosphorylated for about 36 %
on the tyrosine residues, suggesting a relationship between this particular peptide and the transcription of the viral genome.

5.3.2.2.2. DNA-binding proteins

Nuclear proteins which bind preferentially to the homologous DNA, have been shown to modulate the transcription of
specific genes. In eucaryotes, the study of this type of interactions is made difficult by the great diversity of chromosomal
proteins and by the sequence complexity of the genome.
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For the comparative study of specific DNA-binding proteins in the normal and leukemic rat tissues, a sensitive technique
has been recently developed in our laboratory.

Proteins, submitted to SDS-polyacrylamide gel electrophoresis, are transferred by electrophoretic blotting to a
nitrocellulose membrane. The replicas, first incubated with an excess of unlabelled heterologous DNA, to bind proteins
which interact tightly, but non specifically with DNA, are then submitted to hybridization with homologous DNA,
3-P-IabeIled by nick translation.

In a first set of experiments, proteins of the nuclear pore complex purified from normal and leukemic rat tissues, showed
a specific affinity of several high molecular weight polypeptides for the homologous DNA: the specific radioactivity of
the 175,000 and 150,000 daltons polypeptides was higher in the proteins of leukemic origin, whereas a peptide of 142,000
daltons was more heavily labelled in the controls.

The possible correlation between the homologous DNA-binding capacity of different classes of nuclear proteins and their
differential phosphorylation in the normal and leukemic tissues, is under investigation.

5.3.2.2.3. Nuclear thyroid hormone receptors (in collaboration with M. LEMA1RE*)

• Radiotherapy Unit. Höpital de Baviere, Universite de Liege

Although the exact mechanism remains to be elucidated, thyroid dysfunction has been frequently implicated in the
incidence and progress of human cancer. At the cellular level, thyroid hormone action is initiated by an interaction of
the hormone with a specific nuclear leceptor. That receptor is a non-histone DNA-binding protein, detectable in all known
thyroid hormone target tissues.

We have previously demonstrated that the growth of a transplanted rat hepatoma (HW-165) was thyroid hormone-
dependent. Triiodothyronine (T3) receptors were found to be present in the tumor, but the number of nuclear binding sites
was lower than in the liver of hepatoma-bearing rats. Further studies are planned in order to evaluate the influence of the
thyroid state of the rat on the concentration and binding capacity of T3 receptors.

Preliminary experiments on BL/F virus-infected rats indicated a higher concentration of T3 receptors in thymic
lymphomas than in the thymus of control rats.

Human breast cancer samples, checked by the same technique, contain significant amounts of T3 receptors, with a high
affinity for the hormone, but a relatively low binding capacity. As far as possible, the individual tumor samples will be
assayed in parallel with nontumor mammary tissue, obtained from breast sites distal to the tumor.

5.3.2.3. The effects of a fractionated gamma irradiation on life shortening and disease incidence in BALB/c mice
(J.R. Maisin, A. Wambersie*, G.B. Gerber**, G. Mattelin, M. Lambiet-Collier, J. Gueulette*)

• Unite de Radiotherapie, U.C.Louvain
*» EURATOM

Male mice of the BALB/c strain and of 12 weeks age were exposed to a single or fractionated exposure of cesium-137
gamma rays. The fractionated dose was split into 10 equal doses delivered at an interval of one day. The cause and possible
causes of spontaneous death were ascertained by autopsy and histological examination, and the data were treated by
competing risk analysis. Life-shortening followed a linear dose dependency and was about the same for fractionated
(38.1 ± 3.1 Gy/day) as for single (46.2 + 4.3 days/Gy) exposure. Death from tumor disease was enhanced and that from
non-stochastic lung and kidney diseases was reduced after fractionated compared to single exposure.

5.3.2.4. Life shortening and disease incidence in BALB/c mice following a single d(50)-Be neutron or gamma exposure
(J.R. Maisin, A. Wambersie*, G.B. Gerber, J. Gueulette*, G. Mattelin, M. Lambiet-Collier)

• Unite de Radiotherapie, U.C.Louvain

Male BALB/c mice, 12 weeks old, were given a single exposure of either cesium-137 gamma rays or d(50)-Be neutrons
at a dose rate of 3 Gy/min. The animals were kept until dying, and cause of death or possible cause of death were
ascertained by autopsy and histology. The data were evaluated by competing risk methods. The survival time dose-effect
curve for both types of exposure was linear and did not differ significantly from another (slopes 55.8 ± 4.0 days/Gy for
neutrons and 46.2 ± 4.3 days/Gy for gamma rays). The incidence of different diseases also was similar for both groups
except that more carcinomas and sarcomas and myeloid leukemias seemed to occur after neutron exposure and that
non-stochastic lung and kidney diseases seemed to arise at lower doses.

5.3.2.5. Late effects in central nervous system

5.3.2.5.1. Biochemical studies
(G.B. Gerber*, J. Deroo)

* EURATOM

Contract: CCE BIO-D-378-D (RS)

The determination of endothelial functions in irradiated adult brain was terminated and that in brain irradiated in utero
was started. Endothelial fragments isolated by gradient centrifugation are assayed for their DNA content, alkaline
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phosphatase, gamma glutamate transpeptidase activity uptake of labelled methyl glucose. The data are related to DNA
content i.e. the number of cndothelial cells. It had been found that these endothelial functions display significant changes
in adults only shortly after exposure to very high doses, and that it was not affected up to one year after local brain exposure
to 2,3 or 4 krad. Studies on rats irradiated in utero now also indicate that endothelial functions are less affected than other
parameters. Rats were irradiated in utero on day 10 or 15 of pregnancy with doses of 50 or 100 R (in some cases 200 R)
and assayed at an age of 5,1,2,3 or 4 months. The data so far available show only minor changes in alkaline phosphatase
and gamma glutamate transpeptidase, in some but not all groups exposed at day 15 to 100 R. On the other hand, these
animals usually displayed a marked reduction in brain weight and a retardation in growth.

The experiments studying a) blood flow distribution by means of radioactive microspheres; b) cephalic flow and volume
by means of injected Tc and iodoantipyrine and c) vascular architecture by means of injected latex resin all carried out
in the same animal were terminated by following adult animals from 1 day to 1 year, after brain irradiation with 2 or 3
krad. The data are not yet fully evaluated but so far indicate that, despite the changes in vascular architecture in the region
of the corpus callosum found in some of the animals, regional blood flow did not show consistent changes.

5.3.2.5.2. Ultrastructural changes in the central nervous system after X-ray irradiation
(H. Reyners, E. Gianfelici de Reyners, J.R. Maisin)

Contract: EULEP/CCE B1O-390-D (D)

Preceeding studies had revealed the existence of a particularly radiosensitive type of astroglial cell in the brain of the adult
rat. This element was now shown to be actually killed after doses larger than 14.5 Gy already at a few hours after
X-irradiation. This dose is relatively important; this suggests that such cellular elements were probably not destroyed by
the usual radiobiological process termed "reproductive cell death", which kills all cells in mitotic division even after less
than 3 Gy. A mechanism of "interphase cell death" has been alternatively proposed.

The late consequences of this specific cellular depletion are still unclear; in the grey matter of the cerebral cortex, at 12
months after treatment, two other cell types, the oligodendroyctes and the microglia, were found significantly depleted
(specially in satellite position to nerve cells). On the other hand, in the white matter, the oligodendrocy tes were not reduced
and they still largely represented there the main cellular component. It seems that in the latter zone, the cell populations
can be refurnished by migration of precursors arising from areas situated outside of the field of irradiation. Nevertheless,
in spite of this status quo situation, the myelin, the main by-product of the oligodendrocytes, was significantly diminished.

Studies of brains of 3 month old rats irradiated in utero have also been performed. They revealed severe morphological
abnormalities even after doses as low as 1 Gy, when specifically delivered at 15 days post conception. Efforts to reveal
more discrete lesions at lower doses (0.5 and 0.2 Gy) are currently carried out using more reliable "specific pathogen free"
rats.

5.3.2.6. Late effects in irradiated lung

5.3.2.6.1. Biochemical studies
(G.B. Gerber*, J. Demo, P. De Preter)

• EURATOM

Contract: CCE B1O-B-378-D (RS)
EULEP/CCE BIO-390-D (D)

The determination and characterization of collagen in rat lung late after irradiation were continued. After a dose of 1.8
kR, collagen increased significantly 4 months after irradiation when related to DNA content of the lung and this increase
could be followed up to 20 months later. Changes in the ratio collagen type I and III are now being evaluated.

Samples obtained from dogs irradiated at Argonne National Laboratory showed an increase in collagen in lung, skin, liver
and kidney of some animals. The determination of the collagen fraction and of glycosaminoglycans is now under way.

Conversion of angiotensin was investigated in isolated purfused lung from normal and irradiated rats. No changes were
observed in the rate of conversion from 1 day to 1 week after exposure to 1.5 kR, and a temporary reduction occurred
only following doses of 10 kR. This reaction - as the also studied uptake (and degradation) of serotonin and histamine
- is thought to reflect endothelial functions, so that no marked alterations in the functions of these cells seems to occur
at this time.

5.3.2.6.2." The ultrastructure of the lung after exposure to ionizing radiation as seen by scanning electron microscopy
(J.R. Maisin, L. de Saint-Georges)

Male mice of the BALB/c strain were irradiated at an age of 12-14 weeks, with different doses of X-rays, either to the
entire thorax or the right half of it. At various times after exposure, mice were sacrificed, and the lung was examined by
transmission or scanning electron microscopy.

Radiation symptoms following exposure to 15-20 Gy can be divided into three phases Early, from a few hours to a few
weeks after exposure, changes capillary permeability and morphological alterations in all type', of lung cells are prominent.
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At intermediate times, from a few weeks to about 7 months after exposure, the symptoms of radiation pneumonitis arise
as a result of the action of radiation on replacement of type 11 epithelial cells and a subsequent later abnormal proliferation.
Later, many months and years after exposure, fibrosis develops. Scanning electron microscopy shows clearly that the
lesions in the epithelial cells, mainly of type II, are the principal cause of radiation pneumonitis and that capillary damage
probably plays a secondary role.

5.3.3. GENETIC EFFECTS OF RADIATION IN MAMMALS

5.3.3.1. Biological effects observed in mammals maintained in an area of very high natural radioactivity
(A. Leonard, M. Delpoux*, J. Chameaud**, E.D. Leonard)

EURATOM contract BIO-E-378-B

* Paul Sabatier University, Toulouse, France
•• Cogema, Razes, France

Male rabbits (Oryctolagus cuniculus) were maintained for a 28-month period on the floor of a hut built at a site in
southwestern France, where the dose rate from natural radioactivity amounts to about 8 mrad/h. Male and female
B ALB/c mice (Mus musculus) were also placed in the hut during the summer period. The observations carried out on those
animals demonstrate that exposure to high natural radiation can increase the frequency of chromosome aberrations in
somatic cells and indicate also that fertility in males and females is affected in an inverse manner. Model experiments with
radon exposure of laboratory rabbits under controlled conditions have shown that the chromosome aberrations observed
in somatic cells, are not due to the radon exposure but essentially to gamma irradiation.

5.3.3.2. Chromosome aberrations induced in patients treated with telecobalt therapy for mammary carcinoma
(J.L. Antoine, G.B. Gerber**, A. Leonard, F. Richard*, A. Wambersie*)

EURATOM Contract B1O-E-378-B

* Radiotherapy Unit, UCL, Cliniques Universitäres St.-Luc, Bruxelles
•• EURATOM

Six female patients were treated for mammary carcinoma with telecobalt (Siemens Gammatron, 80) according to the usual
techniques applied in our department. The sizes of the irradiation fields were also follows.

The mammary area. This target volume was irradiated by means of two opposed tangential fields. The dimensions of the
fields ranged from 19 x 8 cm to 17 x 17 cm, dependent on breast size.

The axillary and supraclavicular lymphatic areas. The field sizes were 11 x 20 cm; the irradiated field was, however, reduced
by about 10 % by shielding blocks.

The internal mammary lymph node area. The field sizes ranged from 17x7 cm to 16x6 cm.

Absorbed doses of 2 Gy were delivered to each target volume daily five times a week. Each exposure of a given target
volume lasted from 6 to 10 min. None of the patients were previously treated by irradiation or chemotherapy.

Blood samples were taken prior to the first radiotherapy session (i.e., control value for each patient) and after absorbed
doses of 6,12, and 22 Gy to each target volume. In practice, venipuncture was performed immediately before the telecobalt
session, i.e., 24 h after the preceeding session, to allow the mixing of the irradiated lymphocytes in the circulating blood.

Blood culture and chromosome preparation were carried out by standardized techniques routinely used in our laboratory.
Immediately after sampling, duplicates of 0.5 ml blood each were cultured in 5 ml Ham's F-10 medium, supplemented
with bovine serum, phytohemagglutinin, streptomycin and penicillin. The cultures were incubated in a water bath at 37°C
for 48 h, and I ml of TC arresting solution (DIFCO) was added 2.5 h before harvesting. After hypotonic treatment with
KG (0.075 M), the cells were fixed in methanol-acetic acid (3:1), spread on clean slides, left to dry, stained with lactoorcein
and mounted.

The data were fitted to a power or a quadratic function and were compared with those obtained in patients treated for
ankylosing spondylitis and nuclear dockyard workers, as well as with the results of an in vitro blood irradiation. As
expected, the aberration yield for the same absorbed dose level is much greater after irradiation of ankylosing spondyitis
than after irradiation for mammary carcinoma; lymphocytes exposed in vitro display the highest rate of aberration. A
deviation of the aberrations observed in cells of the mammary carcinoma patients from the theoretical Poisson distribution
also indicates that not all lymphocytes in the body had been exposed under these conditions.

5.3.3.3. Cytogenetic effects of ionizing radiations in somatic cells from experimental mammals and extrapolation to man
(A. Leonard, L. Fabry, Gh. Deknudt)

EURATOM Contract BIO-E-378-B

The influence of nuclear characteristics such as chromosome number, chomosome arm number or amount of R band
material on the field of radiation-induced chromosome aberrations has been reevaluated on the basis of some recent
experiments using the harlequin staining method to distinguish the first from subsequent divisions. The results obtained
on gorilla, rabbit, goat, monkeys, cattle, etc., demonstrate that differences in cell kinetics of stimulated peripheral blood
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lymphocytes, causing a different distribution of first and following mitoses at the time of observation, can result in an
underestimate of the incidence of the unstable chromosome aberrations such as dicentric chromosomes, when the
observations are carried out at a standardized fixation without taking in account the cell generation. If, however, only first
division mitoses are considered, the radiosensitivity of the cell appears also to be independent of nuclear characteristics.

5.3.3.4. Studies on sensitivity of embryos to low doses of radiation during the first day of pregnancy
(P. Jacquet)

EURATOM Contract

To follow with accuracy the evolution of radiosensitivity of the eggs from the fertilization up to the first cleavage, a
preliminary study of the timing of DNA synthesis during the one-cell stage has been carried out. Young virgin female mice
of the Balb/c strain were induced to superovulate by injection of 5 i.u. PMS, followed after 48 h by 5 i.u. HCG. Time of
superovulation was previously determined at approximately 12-13 h after HCG injection. Mice were sacrificed at 13 h,
eggs were collected and incubated in Whitten's medium after removing follic cells with hyaluronidase. At different times,
i.e. between 19 and 30 h after HCG, groups of about 50 eggs were incubated for one hour in a medium containing 1 ;j.Ci/ml
of tritiated thymidine (specific activity = 2 Ci/mM). Thereafter, they were washed and reincubated in cold medium. After
about 40 h, embryos at the 2-cell stage were put into hypotonic natrium citrate and fixed following the technique of
Tarkowski. Slides were dipped in Ilford L4 emulsion and stored for 10 days at 4°C. After developing, they were stained
with Giemsa, and the embryonic nuclei were examined for the presence of labeling. In addition, labeling points were
counted individually in one of the two nuclei of each embryo (labeling was supposed to be distributed randomly in the
two nuclei).

Results show that DNA synthesis is beginning at 19 h and reaches a maximum at about 24 h post HCG. At 26 h, it is nearly
completed and at 30 h, no egg is anymore labeled. These results are rather similar to those obtained by Luthardt and
Donahue (1973) in CF1 mice, where the peak of maximum DNA synthesis was found at 25 h after HCG injection.

5.3.4. TOXICITY OF RADIONUCLIDES

5.3.4.1. Behaviour of tritium in the soil-plant system
(R. Kirchmann)

EURATOM contract BIO-B-431-81-B

5.3.4.1.1. Production of tritiated feed

Ray-grass was grown in pots under a plastic greenhouse (6mx4m) located in the experimental fields of the S.C.K./C.E.N.
farm at Mol. Two cuttings, yielded respectively 17.9 and 17.4 kg of fresh matter, have been produced; the tritium
incorporated was brought by the tritiated spray water (20 mCi/1) and the average content of the hay was about 4.32 jxCi/g
of dry matter. This hay was subsequently used in the experiments on the transfer of tritium from the feed to animal.

5.3.4.1.2. Transfer of 3H and 14C from compost to maize and potato plants

Plants of maize and potatoes have been exposed, under plastic greenhouse, to the tritiated water vapour and to I4CO2 gas
during 7 h. These plants were afterwards sampled at various times in order to follow the level of contamination of the
various organs. The balance, made at the first harvest (63 days after contamination of potatoes and 105 days in the case
of maize), has shown that the potatoes incorporated only 6% of I4CO2 present in air, while the maize fixed 51.2%;
concerning the tritium, 5.5 x 10"3% has been incorporated in potatoes and 71 x 10° % by the maize.

An amount of 20.850 kg of dry matter (aerial parts and roots) of these two plant species has been used as compost
containing 104 jiCi 14Cand 8 ji.Ci3H per kg of dry matter, respectively. This compost was mixed, during the spring 1981,
with white sand in a 4 to 6 ratio, which yielded a level of contamination of 41.6 jxCi I4C and 3.2 jxCi 3H per kg of substratum.

The results of measurement of samples of potatoes grown on this substratum, did not indicate a transfer of tritium from
the compost to the potato plants, but, on the contrary, show the presence of I4C; the values of the transfer coefficient

/ Activity/kg dry matter of organ \
\ Activity/kg dry matter of substratum / '

vary from 1 x 104 to 4 x 10-1, depending on the organ and the period of time considered. A second culture on the same
substratum is expected in 1982, in order to follow the evolution, in function of time, of the transfer of 14C and 3H from
compost to the growing plants.

5.3.4.2. Tritium metabolism in young mice after exposure of their mother to THO or organically bound tritium, during
pregnancy and lactation
(R. Van Bruwaene, R. Kirchmann, G.B. Gerber*)

• EURATOM

Tritium released in the nuclear industry occurs mostly as tritium oxide.
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In contrast to most other radioisotopes, tritium is incorporated into organic molecules by plants and animals. Moreover,
more organically bound tritium in the body arises when food with organic tritium is given, than after ingestion of tritium
water.

Tritium bound to organic molecules may not only have half-lifes much longer than tritium oxide, they may also be
concentrated in certain tissues, or even in certain areas of the cell, where the resulting damage may be much larger than
that from homogeneously distributed tritium water.

Only few data are available on the transfer of tritium administered continously during pregnancy and lactation, as well
as on the turn-over of inorganic and organic tritium in different organs labelled in utero or during infancy. Pregnant mice
(Balb-c; 7 weeks old) were continously contaminated by tritium oxide or by organically bound tritium in the form of
tritiated milk powder during pregnancy and lactation.

In one group, the youngs were left by contaminated mothers during lactation; in other groups, new born mice were swapped
with uncontaminated new boms from not contaminated mothers, in order to follow the tritium activity of tritium oxide
and organically bound tritium in different organs with respect to :

a) continuing uptake after birth;
b) uptake from milk during lactation;
c) loss of activity after birth.

Analysis of the data is in progress.

5.3.4.3. Long-term radiation risks after 226Ra decorporation with sodium alginate in C57BI mice
(G. Schoeters, O. Vanderborght)

Research concerning decorporation of heavy alkaline earth metals is continued. Results are available of a study wich
started in 1977 with 557 male C57B1 mice, injected with 4.4,10.7 or 24.8 kBq226Ra per mouse; a non-contaminated control
group of 232 mice was included in the experiment. From 4 days after injection, half of the mice were daily treated with
a diet containing 5 % Na-alginate during 200 days; afterwards, these mice received every other week standard pellets and
Na-alginate diet. The other mice were continuously kept on standard pellets. Due to Na-alginate treatment, the 226Ra
content at death was significantly reduced in femora and lumbar vertebrae (till 50 % reduction in lumbar vertebrae at the
highest 226Ra dose level). The radium content of liver and eyes was not influenced by Na-alginate treatment. Despite
decorporation, no significant differences were observed in survival time or osteosarcoma incidence, between 226Ra
contaminated mice treated with Na-alginate and mice which did not receive the decorporative treatment. This indicates
that in our experimental conditions, treatment with Na-alginate from 4 days after injection, was not able to reduce the
risk for long-term effects. Our study questions the effectiveness of delayed decorporative treatmnets, and emphasizes the
need in such experiments to look to long-term effects. In most studies, indeed, this aspect is neglected. Treatment
effectiveness is then only measured on short-term parameters such as increase in excretion rates or decrease in radioactive
body-burden.

5.3.4.4. 226Ra toxicity for blood-forming bone marrow stem ceils
(G. Schoeters, O. Vanderborght)

The non-uniformity of dose distribution in selected trabecular and cortical bones of 226Ra contaminated mice (230 and
660 kBq226Ra/kg) was further com pared with the non-uniformity in damage at haemopoietic stem cells from the
corresponding bone marrow sites of the selected bones. The degree of marrow damage does not simply reflect the calculated
marrow doses. This dose-effect study gives some indications for 1) a modification of the approach used in local 226Ra
dosimetry, 2) additional damage at the stem cells due to irradia tion of their regulating system.

5.3.5. RADIOACTIVE CONTAMINATION OF THE ENVIRONMENT

5.3.5.1. Behaviour of 3H, in different chemical forms, in the aquatic environment
(S. Bonotto, G. Arapis*, R. Kirchmann, G. Gerber**)

EURATOM contract B1O-B-431-B
* CEC bursar
*• EURATOM

It has been found that the green algae Chlamydomonas, Acetabularia, Boergesenia and Dunaliella, kept in the light,
incorporate 3H from tritiated water into the total organic matter. The incorporation efficiency is higher in Chlamydomonas
and Dunaliella than in Acetabularia and Boergesenia. Experiments done in the dark during a short period of time (120
min) have shown that incorporation of 3H by exchange with hydrogen atoms or by other mechanisms, if it occurs, is very
low.

Selective extraction of the algae has revealed the presence of3 H in all the main cellular constituents (nucleic acids, proteins,
pigments, etc.). Analysis by electrophoresis on gels of polyacrylamide has revealed the presence of at least 50 polypeptides
in extracts of the total organic matter. Preliminary work has shown that 3H from tritiated water is incorporated into several
main polypeptides, whose molecular weight ranges from 100 to 14 kd. Moreover, several polypeptides were found in the
culture medium. It is not yet clear if these polypeptides are released by living cells or if they originate from dying cells.
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5.3.5.2. Radiological surveillance around nuclear power station sites
(R. Kirchmann, E. Bonnijns-Van Gelder, G. Cantillon* et al)

Contract with the Ministry of Public Health

• !HE-Bruxelles

The radiological surveillance programme has been routinely continued in 1981, involving more precisely an extensive
survey of the coastal waters, in co-operation with the Rijksstation voor Zeevisserij (Oostende).

From the numerous data collected in 1980, it can be pointed out that the whole body doses received by individuals of the
critical group, due to radioactive liquid effluents released by Tihange-1 plant during 1980, is estimated to be 56 u.rem.

For the critical organs, the doses range from 10 to 200 j

5.3.5.3. Technetium transfer in the animal food chain
(R. Kirchmann, R. Van Bruwaene, G. Gerber*, J.R. Maisin)

EURATOM Contract BIO-B-467-B (RS)

• EURATOM

Only few data are available concerning the transfer of technetium from feed to farm animals.

The objective of our study is to obtain more information about the metabolism and transfer of technetium in ruminant
animals, mainly in sheep.

Ten (Hampshire) sheeps were purchased in August 1981 and six of them gave life to ten lambs. These young animals will
be used during the next spring, in order to study the metabolism of the technetium applied as pertechnetate. The
experimental animals will be kept in metabolic cages and faecal as well as urinary excretions will be followed.

5.3.5.4. Study of the impact of liquid wastes released from a PWR nuclear power station on a freshwater ecosystem
(R. Kirchmann, H. Declercq-Versele* (co-ordinators))

EURATOM Contract BIO-B-B-330-81-B

* IHE-Bruxclles

The main results obtained during 1981 are presented below, according to the various contributions received from the
participating laboratories (U.Lg., U.C.L., F.N.D.Paix, I.H.E.) to this study.

1. Physico-chemistry of the river water

Three series of samples were analysed completely (17 parameters) and nine other series focused on the major parameters.
The results show that the worst situation appeared in the beginning of September 1981 : 4.5 mg O2/l and At of 5.1°C; a
mineral pollution (chloride) was also observed.

2. Primary producers

Twelve series of samples of phytoplancton and zooplancton were taken at 2 locations upstream of the Nuclear Power
Station and at 2 locations downstream. The results on the phytoplancton showed some important fluctuations of biomass,
in time, but no significant influence of the thermal releases was observed. Nevertheless a stimulating effect of these releases
was observed on the microphytobenthos.

3. Primary and secondary consumers

The colonisation of artificial substratum by the macrofauna (one month of exposure) has been followed during three
different periods of time in 1981, in order to investigate the impacts of the organic pollution and of the thermal releases
on the populations of these organisms. The semi-quantitative inventory of fishes (upstream and downstream) and the
fecundity of the garden were also investigated successfully.

4. Laboratory experiments

a. The mode of collection of the algae (Scenedesmus obliquus) has been investigated and the results showed the importance
of the amount of water or nutrient solution used to rinse the algae, but the temperature of the washing liquid has no
influence. The results also showed that the centrifugation is better than the filtration, used previously. It seems that the
mucilage excreted by the algae could play an important role in the fixation of the radiocontaminants studied.

b. Research on the mechanisms of organification of 3H in the case of a PWR reactor and on the biological availability
of the tritiated organic compounds started. The experiments were carried out, using the same resins and chemical products
(LiCI, H3BO3, etc..) as in the PWR power station (Tihange 1). The tritium content of the water of this simulated circuit
was 0.3 mCi.H, which is quite comparable with the actual situation in the power reactor. After 7 days of circulation
(0.5 l.min-') on 250 ml of resins, exchange between the hydrogen of resin and the tritium of the solution has been
demonstrated. Algae were grown on an aliquote of the circulated tritiated solution, in order to detect release of tritiated
organic compound from the resins. The work is in progress.
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5.3.5.5. Experimental study on the biological availability of selected radionuclides in several marine green algae
(S. Bonotto, F. Cinelli*, J. Colard, R. Kirchmann)

IAEA contract 2579/R1/RB
* University of Pisa, Italy

Laboratory experiments have shown that the marine green algae Acetabularia acetabulum, Boergesenia forbesii, Valonia
utricularis and Valonia aegrapola Boergesenia (Fig. 5.3.1.1.) and Valonia cells with ad thin needle has permitted to show
that the four radionuclides examined enter the cells and are distributed in the main cellular compartments in a different
way.

Investigations with the brown alga Ascophyllum nodosum have shown that the radionuclides most concentrated by the
plant are I31I,54Mn, 58Co and 60Co. Some radionuclides present only in traces in the selected effluent (57Co, 110Agm and
154Eu), may be concentrated by the algae to measurable amounts. Decontamination of Ascophyllum has shown that during
a 19 days chase, 54Mn, l34Cs and l37Cs decrease. On the contrary, the loss of 1311,58Co and 60Co, if any, is very low.

5.3.5.6. Biological availability of 241Am in different types of freshwater for 4 freshwater animals
(J. Bierkens, J.H.D. Vangenechten, S. Van Puymbroeck, O.L.J. Vandcrborght)

Transuranics such as !4lAm are of primary importance in the long-term (100-1000 years) ecological risk assessment of
wastes. Ecological modeling of the biogeochemical behaviour of the transuranics, needs more basic data on their
availability for aquatic and specially for freshwater organisms. Biological uptake, organ distribution and biological
half-life are therefore studied in various types of surface and coastal waters in a collaborative European research effort,
partly sponsored by the Commission of the European Communities and involving the Biologische Anstalt Helgoland,
Hamburg, the Joint Research Centre, Ispra and S.C.K./C.E.N. Emphasis is laid on the physico-chemistry of the
transuranics as one of the essential parameters governing the biological availability.

As an illustration of this, we compare the uptake of241 Am by the following freshwater animals: the crustacean Gammarus
pulex, the bivalve mollusc Unio piclortim, the oligochaete worm Tubifex sp. and the fish Gasterosteus aculeatus in two types
of surface waters : an acidic dystrophic one and an alkaline one. Gammarus proves to be a valuable indicator species. The
behaviour of 24lAm (particle formation) in the surface waters is not fully clarified by the known chemistry of 241Am and
this behaviour explains only partly its biological availability. Moreover, the results emphasize the need to investigate
thoroughly the effect of the characteristics of the wide range of freshwater types on the bioavailability of transuranics.

5.3.6. NON-RADIOACTIVE CONTAMINATION OF THE ENVIRONMENT

5.3.6.1. Mutagenicity of acrylonitrile in mouse
(A. Leonard, V. Garny*, F. Poncelet, M. Mercier*)

* Laboratory of Biotoxicology, U.C.Louvain

The capacity of acrylonitrile (ACN) to produce chromosome aberrations in mammals was studied in somatic and germ
cells of male NMRI mice. Induction of chromosome aberrations was followed in bone marrow cells 6,18, 24,48 and 72
h after an i.p. injection of 20 or 30 mg/kg acrylonitrile, and polychromatic erythrocytes were examined for the presence

' of micronuclei 24,30 and 48 h after injection. The dominant lethal test served to detect chromosome aberrations in meiotic
and postmeiotic male germ cells. All the tests yielded negative results, so that it may be concluded that acute treatment
with acrylonitrile has no clastogenic effects on male mouse cells in vivo.

5.3.6.2. Mutagenicity of atlatoxin Bl : observations in vivo and their relation to in vitro activation
(L. Fabry, M. Roberfroid*)

* Laboratory of Biotoxicology, U.C.Louvain

Aflatoxin Bl (AFB1) was shown to be clastogenic in vivo on the basis of its capacity to produce micronucleated cells and
chromosomal aberrations in mouse bone marrow cells. On the other hand, in vitro studies on cultured human lymphocytes
suggested only a slight mutagenic action of AFB1. If, however, a microsomal extract isolated from rat liver was added
together with the AFB1 (1.92 x 10-5 M) to the lymphocytes before the incubation period, the yield of chromosomal
aberrations and of sister chromatid exchanges (SCE) increased markedly indicating that AFB1 must be metabolically
converted before it can act as an active mutagen. The use of microsomal extracts for in vitro tests can thus considerably
improve the reliability of such tests of mutagenicity although studies in vitro will not be able to entirely replace those in
vivo.

5.3.6.3. Effect of long-term lead exposure on monkey leukocytes chromosomes
(P. Jacquet, P. Tachon*)

* Institut Pasteur, Lyon

Cynomolgus monkeys (Macaca irus) received daily doses of 1 or 5 mg of lead for a period of 12 months. Samples of venous
blood were taken at 0, 7, 9 and 12 months, and cultured lymphocytes were analysed for the presence of chromosome
aberrations. A few severe chromosome aberrations such as dicentrics or translocations, appeared in the control animals
as well as in the lead-treated ones, during the experiment. However, lead treatment increased significantly the frequency
of chromosome and chromatid gaps, and this result is in agreement with previous results.
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5.3.6.4. In vivo study of the mutagenicity of heavy metals in mammals
(Gh. Deknudt, A. Leonard)

The dominant lethal test has been carried out during five weeks to study, in BALB/c mice, the mutagenic activity of two
chromium compounds, potassium dichromate [K2Cr207] and calcium chromate [CaCrO4] and two nickel compounds :
nickel nitrate [Ni(NO3)2] and nickel chloride [NiCU]. The doses were choosen on the basis of a preliminary experiment
and correspond roughly to half of the LD 50 (30) i.e. 20 mg/kg for K2Cr07, 56 mg/kg for Ni(NO.,)2 and 25 mg/kg for
NiCl2. Due to the low solubility of the compound, an 8-fold lower concentration (40 mg/kg) was used for CaCrO4.

The chromium and nickel compounds produced a significant reduction in the rate of pregnancies. Furthermore, a lower
incidence of live embryos, resulting mainly from an increase in preimplantation loss, was observed in the females mated
with the nickel treated males.

5.3.6.5. Effects of heavy metals (Cd, Tl, Zn and Pb) on the cerebral cortex
(H. Reyners, E. Gianfelici de Reyners, J.R. Maisin, G. Winneke*, P. Tachon**)

* Med. Institut für Umwelthygienc, Universität Düsseldorf
** Institut Pasteur, Lyon, France

EEC Contract

The studies concerning an ultrastructural evaluation of certain quantitative brain parameters, susceptible to be modified
during heavy metal intoxication, have been continued with particular emphasis on the changes in the populations of the
glial cells. This criterion still appears as the best available morphological indicator in case of brain poisoning. In the
framework of an EEC sponsored programme of international co-operation, new animal models were obtained and tested.
More than 110 rats treated with low doses of Pb (max. 750 ppm) and/or carbon monoxide (200 ppm), were sent to Mol
for an ultrastructural survey of their cerebral cortex after checking of their capacities at the Hygiene Institute of
Düsseldorf. Limited but significant ultrastructural lesions were observed in this material: the relationships between
oligodendrocytes and the other cells were modified and the cellular volume of the astrocytes was increased particularly
when Pb and CO were administered together. Other parameters from the same material are still under current study, in
an attempt to disclose possible correlations between the morphological and the behavioural modifications.

In collaboration with the Pasteur Institute, the survey of young monkeys, chronically treated with lead from birth, has
been initiated.

The studies concerning a possible protective interaction of zinc against the deleterious effect of lead have now been
completed. Some protection was found at the level of certain Pb-induced changes in the brain, but on the other hand, the
Pb-blood levels were increased.

5.3.6.6. Transfer of radioelements in utero
(G.B. Gerber*)

* EURATOM

The transfer of "As and l25Sb to the developing mouse organism was studied in the following ways, a) A diet containing
the isotopes was given from the day of the vaginal plug and the radioactivity in uterus, ovaries and different maternal
organs was determined 2,4 and 6 days after initiation of feeding, b) The isotopes were injected i.p. during organogenesis
at day 12 of pregnancy and the transfer into the fetus, as well as the activity of the maternal organs, were followed for
a period of 7 days, c) The radioactive diet was supplied during the entire pregnancy and 15 days thereafter. The
radioactivity in the females was followed for 150 days, that in the litter for 50 days. Components of turnover of less than
a day, less than a week and several months can be discerned in the adults for both isotopes, and transfer to the fetus occurs
during organogenesis. Less antimony than arsenic is transferred from food during fetal life. After birth, arsenic as well
as antimony are taken up by the newborn via the milk.

5.3.6.7. Transfer and metabolism of heavy metals in lactating dairy cows
(R. Van Bruwaene, R. Kirchmann, G. Gerber*, J. Vankerkom, J. Colard)

* EURATOM

ICWB/CIPS contract

The results of the experiments, reported in 1980, have shown, that after an oral ingestion of the following metals :Cr, Mn,
Fe, Co and Sb, the major fraction (80-95%) is excreted through the faecal way, which constitutes a way back to the
agricultural soils. The urinary excretion is low. The fraction of the metals which is metabolized is also low: 0.1 -0.2 % (Cr),
0.3-0.5% (Mn), 1-2 % (Fe and Co) and 2-15 % (Sb) of the ingested dose. The transfer coefficient assessed for the milk
(expressed in day.liter1) is : 1.1 x 10-5 (Cr), 2.7 x 10"5 (Mn), 2.8 x 10-5 (Fe), 7.5 x 10-5 (Co) and 2.4 x 105 (Sb). The heavy
metals show an organo-tropism to the liver, spleen and kidneys.

5.3.6.8. The toxic interactions of the heavy metals cadmium and selenium in freshwater organisms
(M. Peeters, S. Van Puymbroeck, O. Vanderborght)

Most radioisotopes with a potential risk of widespread radiocontamination, are from the physiological point of view, to
be considered as heavy metals (for example Sr, Ba, Pu, Am, Cm etc.). The study of the uptake of these radioactive elements
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by living organisms is hampered by a lack of knowledge of the possible interactions these heavy metals could have on
physiological processes. An extension of this knowledge is thus necessary to come to a better insight in some of the basic
principles governing the physiology of the uptake of radioisotopes. Indeed, more and more emphasis is put on the possible
effects of such interactions in the fixation of radioisotopes.

It is known from the literature that an antagonistic effect exists between cadmium and selenium in rats. Our laboratory
earlier extended similar observations to a freshwater invertebrate. No information was available on such interaction in
plants. This study checked if any antagonism could be found in an unicellular green alga (Chlamydomonas reinhardtii).
In this plant, however, a combination of both metals inhibits the growth more than does one of the metals separately.

These organisms show thus an additive effect (and even, in some circumstances, of a synergism) between the toxicity of
cadmium and selenium. This finding is thus in contrast with the earlier observations of antagonism in other organisms.
As a first approach to explain the mechanism of this interaction, the uptake of both metals separately and in combination
with each other, was studied in this freshwater alga, making use of the radioisotopes 75Se and ll5Cdm. The results show
that the presence of selenium tends to decrease the uptake of cadmium. On the contrary, if cadmium is present, there is
an increase in selenium uptake. The cells concentrate about 10 times more cadmium than selenium.

When the algae are first incubated in a growing medium selenium, the resulting plants are more resistant against the toxic
effects of cadmium. This protective effect cannot be explained by a decrease in cadmium uptake in such an experimental
set-up.

5.3.6.9. Interrelations between pH and other physico-chemical factors in surface waters of the Kempen (province of
Antwerp), with special reference to acid moorland pools
(J.H.D. Vangenechten, O. Vanderborght)

In 1975, a study on the physico-chemical composition of the water in Belgian (Campine of Antwerp) heathland-bogs and
other surface waters was started. The physico-chemical factors measured (pH, corrected conductivity, Na, K, Ca, Mg, SO4,
Cl, HCO3, CO3) in these pools were interrelated. The sampled surface waters could thus be subdivided into 3 classes
according to their mean pH value. Some of the calculated interrelations between the ionic components depended on the
pH-class of the water body itself, thus indicating different relations between the ions according to water pH. Therefore,
the relations between the acidity and the other physico-chemical factors have been studied more in detail. All findings on
the very acid bog pools have been compared with literature values on equally acid bog lakes in other geographical regions
of Europe. Most discrepancies which were found by this comparison could be explained by an acidification of these pools
with acid sulphur-rich rainwater. Moreover, the same process of acidification is very well studied in Scandinavian and
North-American waters and the physico-chemical changes encountered in these Belgian pools appeared to be comparable
with industrial acidification induced in these foreign lakes.

5.3.7. STUDY OF THE INTEGRATION, REPLICATION AND BIOLOGICAL EXPRESSION OF FOREIGN DNA
ADMINISTERED TO DIFFERENT ORGANISMS

5.3.7.1. Biochemical analysis of macromolecular bacteriocins from Erwinia Uredovora and Serratia plymuthicum
(J. Thiry-Braipson*, L. Baugnet-Mahieu, L. Ledoux)

* Genetique Moleculairc, Universite de Liege

Erwinia and Serratia plymuthicum produce macromolecular bacteriocins with a phage-tail-like structure, active against
E. carotovora. After treatment with ethidium bromide, a mutant of E. uredovora could be isolated which produced
phage-tail-like structures without activity against E. carotovora.
As serum prepared by treating rabbits or guinea pig with the E. uredovora bacteriocin react with bacteriocins extracted
either from E. uredovora, its mutant or from Serratia plymuthicum, we analysed the proteins forming these bacteriocins.

For this, we prepared purified extracts from exponential cultures treated by 1 ji.g/ml of mitomycin C for 15 min. After
3 h growth, bacteria were sedimented, supematants were dialysed and concentrated against PEG 6,000. After 1 h
centrifugation at 100,000 g, purification was achieved by three successive 5-20 % sucrose gradients. Active fractions were
chromatographed on Sepharose 4B. 90 to 99% of the UV-absorbing material could be found in the void volume. UV
spectra were characteristic for protein. Alcalinization of the medium (up to pH 11) did not modify these spectra but a slight
acidification did.

To further analyse the bacteriocins, samples were treated by 2 % SDS at 100°C for 3 min. SDS-gel electrophoresis was
carried out in 10 % acrylamide slab gels according to Laemmli. The apparent molecular weights were estimated using the
molecular weight SDS-PAGE standards from Bio Rad. Positive copies (Kodak sheet film type 4127) of the slab gels stained
with Coomassie blue were used for densitometric scanning followed by computer analysis. Results show that the S.
plymuthicum bacteriocin contains six proteins of 20,800, 38,000, 45,000, 60,000 and 130,000 daltons. Both active or
inactive uredovora bacteriocins contain proteins of 21,000, 36,000, 41,000, 48,000 and 63,000 daltons. The inactive
bacteriocin, in addition, contains a 38,000 dalton species. This modification might be responsible for the loss of biological
activity.

5.3.7.2. Presence of pi asm ids sequences in Arabidopsis plants obtained from seeds treated with pBR 328-325 or 322 DNA
(P. Charles, J. Remy, L. Ledoux)

Lots of 100-200 axenic VI31 pyrimidineless Arabidopsis seeds were treated for 3 days with 0.01 M NaCl or with DNA
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from pBR 322 (AmpR TetR) 325 or 328 (AmpRTetRCmR) (concentration 100-600 sxg/ml). After germination, seeds were
sown in sterile test tubes containing a mineral medium and 105M pyrimidinedissolved in agar and grown at 21 °C during
a 16 h light period.

After 2-3 weeks, seedlings were homogenized in tight Potter tube in borate buffer (pH 9.15). After addition of SDS (2%
final concentration), nucleic acids were precipitated with 2 vol. alcohol. The sediment was dissolved in borate buffer and
treated with pronase and RNAase. DNA was precipitated in the cold by the addition of 2 vol. alcohol. The precipitate
dissolved in SSC was treated with RNAase and proteinase K. At the end of the treatment, chloroform was added and the
solution mixed by inversion. After centrifugation, DNA was precipitated from the supernatant by adding 2 vol. alcohol.
Sometimes, the DNA was purified by filtration on agarose 4B. Aliquots of DNA were digested with EcoRl or a mixture
of BamHl and Pstl endonucleases. Native and restriced DNA were electrophoresed in 0.8 % agarose. After denaturation
at pH 12.5 -13.0, the different fractions were transferred by blotting onto a nitrocellulose filter. Plasmid (32P)DN A, labelled
by nick-translation (spec, activity 70-200 x 106 cpm/;xg) was used for hybridization. Autoradiography of the filter revealed
the presence of, several radioactive bands. When unrestricted plant DNA was analysed, bands with electrophoretic
velocities differing from those of the plasmid DNA used could be observed in the case of plants treated with pBR 328
and 325 bands were found at positions corresponding to about 20, 13 and 6 kb (the most important one).
In the case of pBR 322, an important band was observed at a position corresponding to 4.5 kb. With restricted plant DNA,
radioactive bands were observed at positions corresponding to lower molecular weight, differing from bands from the
restricted plasmid DNA. These results show that plasmid DNA sequences can still be found in the treated plants a long
time after treatment. Some of these sequences are presumably associated with other DNA present in the plant. More work
is necessary on this subject.

5.3.7.3. Functional expression in Arabidopsis plants of E. Coli plasmid genes coding for ß-lactamase
(L. Ledoux, J.M. Frere*, P. Charles)

* Services de Microbiologie et de Biochimie, Universitc de Liege.

Groups of 100-200 axenic Arabidopsis seeds were treated for 3 days with 0.01 M NaCl or with 100-600 ixg/ml pBR 325
or 328 plasmid DNA, coding for a ß-lactamase (R-TEM type) determining the AmpR character. These plasmids also bear
CmR and TcR genes. AmpR cannot be used for selection, as Arabidopsis are unsensitive to ampicilline. The situation is
different for CmR to which plants are sensitive. After germination and sterility Controls, seeds were sown in sterile test tubes
containing an agar mineral medium, 104M in chloramphenicol, and grown fat 21°C during a 16 h light period.

As compared to the control groups, the plasmid-treated seeds developed into plants better resisting to 104M
chloramphenicol and presenting various growth abnormalities, teratomas and gum production. The relationship existing
between these effects and the multimeric super helicoidal state of the plasmids, will be discussed alsewhere. lodometric
methods were used to detect ß-lactamase activities in plants. The activity was quantified using Nitrocefin as substrate. For
this, groups of 5-15 plants were taken (at different ages), roots were removed and leaves were weighed and homogenized
in micro Potter tubes, in the presence of 0.25 % Triton X-100 in 0.025 M phosphate buffer, pH 7.8. Each homogenization
included 50 passages, after which the Potter tube was centrifuged, the supernatant was collected and the sediment was
again homogenized in the Triton-phosphate buffer. The supematants of five successive homogeneizations were pooled.
Ammonium sulphate was added to 35 % saturation. After 5 min. centrifugation at at 10,000 rev./min, the supernatant was
brought to 85 % saturation with ammonium sulphate and precipitated overnight at 0°C. After 15 min centrifugation at
15,000 rev./min, the sediment was dissolved in 100 JJ.1 0.1 M phosphate buffer, pH 7.8.

ß-lactamase activity was measured using 10-4 M Nitrocefin dissolved in 0.1 M phosphate buffer, by repeatingly scanning
in the absorption between 383 and 482 nm, in a Cary 219 spectrophotometer. Results show that no activity could be found
in control plants growing on 10-4 M chloramphenicol. In the plasmid-treated growing plants, no activity could be found
during the entire germination period. A ß-lactamase activity then appeared, which progressively and rapidly increased with
the development of the plant. The ß-lactamase activity found in plants was compared to that found in £. coli cells
harbouring the plasmid. For this, bacteria were ultrasonicated and extracted following the procedure described for plants.
Enzyme activities were compared on a protein-weight basis.

It appeared that the maximum values obtained with Arabidopsis amounted to about 0.01 % of those found in E. coli, to
be compared to the 0.2 % observed by Roggenkamp et al. (Proc. N tl. Acad. Sei. USA, 78 -1981 -4466) in yeast treated
with a plasmid consisting of pBR 325 in 2 pm DNA vector. In the case of pBR-325-treated plants, attemps were made
to caracterize the enzyme activity found in the plants by checking the effect of Na Clavulanate and Cefoxitin, specific
inactivators of the R-TEM type ß-lactamases. Results show that the hydrolysis of Nitrocefin by the enzyme produced in
Arabidopsis is immediately blocked by lmN Na Clavulanata or Cefotoxitin. It can therefore be concluded that a
ß-lactamase of the type coded by the plasmid used for the treatment is produced in the growing plant. Specific antisera
are being prepared to further analyse the results.

5.3.7.4. Localization of plasmid molecules in tissues of Arabdopsis plants treated with pBR-325 by molecular hybridization
in situ
(Y. Maluszinska*, P. Charles, L. Ledoux)

* Universytet Slaski, Kattowice, Poland

Tritium-labelled pBR-325 DNA probes were prepared by nick-translation from purified plasmid and (3H)dCTP. After
labelling, the plasmid was purified on Sephadex-50, eluted with 0.01 M NaCl, specified electrophoretically denatured by
alcali and neutralized. Plasmid (3H)DNA with 20-25 x 106 dpm/jxg were obtained. Probe solutions were prepared,
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containing per ml 1 izg (3H)DNA and 100 \ig denatured DNA, purified from L929 animal cells (to decrease a specific
binding of the probe on the plant tissues). Axenic seeds were treated for three days with 0.01 M NaCl (control seeds) or
with 100-300 jxg/ml unlabelled pBR-325 DNA. After sterility tests, the germinating seeds were sown on agar mineral
medium containing lO-'M chloramphenicol and grown at 21° C during a 16 h light period. Plants were taken at different
time and treated following Gall and Pardue (in Methods in Enzymology, vol. XXI, pp. 470-480, Academic Press, New
York, 1971). Small bits of fresh tissue were placed in an absolute ethanol-glacial acetic acid (3 : 1) mixture for 5-10 min,
then transferred, under a dissecting microscope, to siliconized coverslips bearing a drop of 45 % acetic acid. The tissues
were then minced with needles into smaller pieces. The coverslips were inverted onto glass microscope slides covered with
a thin layer of gelatin and chrome alun. The slides were warmed at 50° C for 3-5 min, then placed between layers of filter
paper and gently pressed to remove excess acetic acid and to squash the tissue. The preparations were then placed onto
dry ice and, after freezing, the coverslips were removed and the slides immersed into 100 % ethanol. After a few hours,
the slides were removed from the ethanol and dried. After denaturation in 0.07 N NaOH at room temperature, slides were
transferred in 70 % ethanol and frequently washed wit ethanol to remove the alcali. 50 ill of probe (3H)DNA, dissolved
in 2 x SSC were placed on the slides and covered with coverslips.

They were incubated at 65°C for 3 h in a moist chamber. Coverslips were removed in 2 x SSC at 60°C and the slides were
aboundantly rinced in 2 x SSC at 60°C, then at room temperature. The slides were then passed through 70 % ethanol, 95 %
ethanol, dried and prepared for autoradiography with llford L4 liquid emulsion by standard procedures. After 36 h
exposure, the slides were developed, fixed, stained with Giemsa stain and examined. From several series of assays, it can
be concluded that tissues from pBR 325-treated seeds keep for at least one month DNA sequences which selectively
hybridize with the pBR 325 probe. Nuclei appear strongly labelled at all times. Whilst attempts to more precisely quantify
the results appear to be very difficult, their qualitative aspect clearly indicate that plasmid DNA sequences are kept (under
a yet unknown form) mainly associated with the cell nuclei during the growth cycle of the plant.

5.3.8. TOXICOLOGY
(L. Fabry, M. Janowski, P. Jacquct, A. Leonard, J. Vankerkom, M. Lambiet-Collier, G. Mattelin,
F. Vander Plaetse)

Contracts with chemical and pharmaceutical industries

- Rather acute toxicity tests (duration 14 to 50 days, single dose) have been carried out for chemical firms.
About 30 compounds were tested for LD50 oral;

25 compounds were tested for LD50 dermal;
40 compounds were tested for skin irritation;
30 compounds were tested for eye irritation;
15 compounds were tested for sensitisation;

- 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

° hematological parameters: erythrocytes, hemoglobin, hematocrit, mean cell volume, mean cell hemoglobine,
mean cell hemoglobin concentration, platelets, coagulation time, leukocytes, differentia! leukocyte counts;

0 blood gases (O2, CO2), blood pH, bicarbonate, standard bicarbonate, base excess, base buffer;
0 biochemical parameters : glucose, proteins and proteinograms, urea uric acid, cholesterol, creatinin, bilirubin,

alkaline phosphatase, cholinesterase, glutamic-oxaloacetic and glutamic-pyruvic transaminases;
0 urine: volume, density, pH, sediment, fast diagnosis;
° growth curve, organ weight and anatomopathology at sacrifice.

- teratogenicity (duration 1 month);
- peri and postanal toxicity (duration 2 months);
- fertility (duration 8 n.onths).

5.4. EXPLORATORY RESEARCH

5.4.1. RECOVERY OF URANIUM FROM PHOSPHORIC ACID
(R. De Fre)

The kinetics of uranium absorption on anion exchange resins from 40 % phosphoric acid solution were measured both
in stirred bath container and in shallow fixed bed columns. The uranium absorption rates of several resins under different
conditions of temperature and flow, rate were obtained. Analysis of these data revealed that particle diffusion in the resin
phase is the rate controlling step of the ion exchange process. A mathematical model assuming particle phase diffusion
was therefore used to describe the performance of larger scale columns.

Experimentally, the lenght of the columns was gradually increased from 4 cm to 10 cm and 20 cm, and finally 90 cm.

The observed uranium breakthrough corresponded very well with the calculated curves, thus confirming the accuracy of
the model.
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The shape of these curves, however, is unfavourable for efficient uranium absorption, since an increasingly diffuse front
is observed with increasing column length.

The elution of uranium loaden resins could be easily accomplished with a variety of acidic solutions, such as 1 M HO,
0.5 M HC1 + 0.5 M NaClorl M HN03. From the chloride eluates, the uranium is best precipitated with NH4OH solution,
although phosphate could not be removed in this step.
A precipitate with gross composition NH4UO2PO4 at 78 % purity was obtained. Special attention was given to the elution
with "attack" acid, a solution of 27 % H2SO4 + 17 % H3PO4, which is readily available in the phosphoric acid plant, and
does not introduce objectionable contamination with chloride or nitrate in the product acid.

Since direct uranium absorption from wet process phosphoric acid is unfeasible due to the unfavourable equilibrium and
kinetics, two alternative uranium recovery processes are proposed.

In the first process, only the uranium in the weak acid recycle stream is recovered. This stream carries 50 % of the total
amount of uranium and has a concentration of 21 %H3PO4. Higher uranium loadings of the resin can be obtained in this
acid, resulting in less frequent absorption, elution cycles and a more concentrated eluate. A second process is proposed
in which the uranium that normally leaves the system with the wet process phosphoric acid is fixed by a separate ion
exchange system and returned to the attack tank, after elution with attack acid. The frequent elutions would not cause
troublesome cross-contamination of the phosphoric acid in this case. Uranium accumulates in the system and can be
recovered from the weak acid recycle as in the first process.

The project was terminated at the end of July and the final report was presented to the C.E.C.

5.4.2. Recovery of uranium from waste residues of the phosphate industry
(F. Lievens)

A preliminary study was carried out, in order to verify the possibility to recover 800 ton uranium contained in the 2,000,000
tons of waste sludge of the local phosphate industry. In the first step of the proposed procedure, the uranium is solubilized
with a sulphuric acid leach solution. In the second step, the leach solution is contacted with an anion exchange resin on
which the uranium accumulates, while the regenerated leach solution is recycled. In a third step the uranium is recovered
in concentrated form, from the anion exchanger, with nitric or hydrochloric acid, and purified. For the first step, good
qualitative results were obtained with 0.1 M H2SO4. Some fluoride, phosphate and chloride is dissolved, together with the
uranium. For the second step, excellent fixation of uranium was obtained on the anion exchanger.

Along these lines, a contract was proposed to the CEC, based on a collaboration between S.C.K./C.E.N. and industry.
But, at the end of 1981 no final agreement was reached.

5.4.3. Instantaneous neutron flux measurement by self-powered neutron (SPN) detectors
(J. Dekeyser)

Since the BR2 reactor resumed operation in 1980, the test rig INF-3T continued its irradiation campaign in BR2 until
reactor cycle 3/81. This experiment is aimed at investigating the compensation behaviour of twin SPN detectors (one with
real and one with blank emitter) against spurious signal components. An effort was made to obtain more accurate data
from the detector signals and from the exposure fields, i.e. neutron and y-ray (luxes, in order to confirm the preliminary
results obtained during the first campaign in 1978. During the second irradiation period in BR2, the rig INF-3T was
irradiated during 5 cycles in a reflector channel and 3 cycles in a reactor core position, i.e. inside a fuel element.

The decision to unload the device after cycle 3/81, at least provisionally, was based on the following observations. Since
restart in 1980, the 12 SPN detectors (6 twins) first continued to behave relatively well as in the first irradiation period.
However, during the three 1981 reactor cycles, different detector output signals indicated important divergencies and
fluctuations without obvious physical reason. As the insulation resistance of all detectors was found to be very low (few
Megohm or less), it was assumed that the mal-functioning could be assigned to electrical causes, such as the effect of
thermoelectric forces or the effect of unfit impedance balancing of the measuring apparatus.

There was no incentive for further in-pile testing without understanding the real nature of the perturbing phenomena,
which do not seem to be of nuclear origin. Therefore, it is envisaged to carry out a detailed analysis of the new data before
deciding on further irradiation testing of the rig INF-3T in 1982.

Another interesting source of SPN D behaviour was found in the BR2 irradiation experiment "MOL 18-A 1", carried out
in the VIC 1 sodium loop (cf. par. 7.1.1.).

This loop contains two prompt reacting SPN detectors with cobalt emitter. During irradiation of MOL 18-A 1 in BR2
cycle 5/81, it was found that these cobalt detectors, even when operating in hot sodium flow (500°C), are very valuable
instruments for instantaneous follow-up of the transient fission power imposed on the test fuel pin, i.e. by means of the
3He screen technique. Additional information on this special aspect of prompt SPND's will be available in 1982.
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Chapter 6

NON-NUCLEAR PROGRAMMES

6.1. AIR POLLUTION

In the interdisciplinary air pollution research field, various projects related to emission problems, transport, dispersion
and deposition phenomena, or the detection and determination of ambient gaseous or particulate air pollution levels were
carried out.

Under contract with the Ministry of Public Health, part of the software for the Belgian Automatic Monitoring Network
was developed. For the same Ministry, the daily survey of the levels of some ten different trace metals continued in fifteen
different sites covering the complete Belgian territory. Exploratory research for the routine determination of As, Sb and
Se levels started, together with an extensive intercomparison under field conditions of different systems for the sampling
of suspended particulate matter.

Under contract with the Ministry of the Flemisch Community, different stationary and mobile measuring campaigns
continued or started. In the Tessenderlo area, the continuous survey of the SO2, monovinylchloride and ethene levels in
different sites continued.

In the region between de Dutch border and the industrial area of Antwerp, a large scale mobile random campaign, to study
the global SO2 transport as a function of the wind direction, gave important information on the real impact of the different
sources or source-area upon the net SO2 fluxes. Exploratory campaigns for the determination of the asbestos levels in
ambient air were organized in the vicinity of an asbestos-cement dumping site and around an asbestos-cement
manufacturing plant.

The participation in the National R& D Programme Environment-Air of the Ministry of Science Policy (ICWB/C1PS)
was successfully concluded with respect to the test case Beerse related to the investigation of the emission, dispersion and
deposition of particulates, as well as with respect to the test cases Gent and Liege, requiring detailed meteorological surveys
and a large scale simulation and validation of the local SO2 situation, due to the different source types. Within the same
National R & D Programme, meteorological, air pollution measuring and modelling teams of S.CK../C.E.N., participated
in the 5th CEC Campaign on Remote Sensing Techniques, organized in the Gent area. The main purpose of the campaign
was the quantification and the simulation of the global SO2-pollution and the corresponding ground-.evel concentration
fields and gasburden profiles. This inte; itional campaign, with Belgian, French, English, German, Dutch and Italian
teams, clearly illustrated the advantages resulting from a well-organized combination of internationally developed
methods and means. The methodology for the determination of fugitive emissions, developed within the framework of
the previously mentioned test case Beerse of the National R & D Programme Environmental-Air, was used to quantify
the amount and the impact of the fugitive Pb-emissions from a metallurgical plant. This project was also carried out in
the framework of a contract with the Ministry of Science Policy.

Various environmental impact assessment studies were carried out in the nuclear and the non-nuclear field. A recently
developed dose model (DOSDIM), combined with the already existing dispersion and deposition model fur atmospheric
releases (IFDM), was used to evaluate the possible impact of the routine releases of the Tihange 2 PWR power plant. The
temporal and spatial distribution of the SO2 pollution caused by a coal-fired power plant has been simulated and checked
against existing data of a 500 MW(e) plant, while the simulation of the complex SO2 situation in the Tessenderlo-
Kwaadmechelen region, showed the importance of some local industrial sources.

Under contract with the CEC, a three year programme was started to investigate and test the validity, the reliability and
the applicability of off-and on-line modelling of the dispersion of accidental atmospheric releases.

The experience and knowledge obtained over the last ten years in the field of air pollution research was introduced in
different working groups, committees or commissions of national or international organizations (BIN, ISO, WHO, CEC,
IAEA and OECD).

6.1.1. THE BELGIAN AUTOMATIC AIR QUALITY MONITORING NETWORK
(H. Depuydt, J.G. Kretzschmar, M. Loos, H. Peperstraete)

In cooperation with the BEE, IHE and KM I, Brussels and under contract with the Ministry of Public Health, the last phase
to realize the data link between the meteorological tower at S.C.K./C.E.N. and the National Data Centre in Brussels
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(NDPC) has been succesfully terminated. Wind speed, wind direction and temperature measurements at different levels
of the 120 m high meteorological tower are continuously and in real time transmitted, as half hourly averages, to the N DPC.
The possibilities of a possible transmission of data from the NDPC to S.C.K./C.E.N. are under investigation.

In order to maintain the calibration of the sulphur dioxide and nitrogen dioxide monitors of the network, a batch of 90
permeation standards was delivered to the responsible authorities.

6.1.2. MEASURING CAMPAIGNS FOR GASEOUS POLLUTANTS
(G. Cosemans, J. Kretzschmar, H. Peperstraete, B. Vanderborght, J. Vandervee)

Under contract with the Ministry of the Flemish Community, the continuous measurements in the stationary monitoring
network in Tessenderlo continued. SO2 measurements in three different sites and meteorological observation, together with
monovinylchloride and ethene measurements in a fourth site, showed that the previously noted improvements in the local
situation persisted in 1981, although the influence of the local industrial sources remained obvious. Air pollution due to
mercaptan components in the same region, was also investigated during a period of 6 months.

The mobile SO2 random-campaign in the region between the industrial area of Antwerpen and the Belgian-Dutch border,
was succesfully terminated after one year of daily measurements in some 50 different sampling points, covering an area
of approximately 100 km2. The results showed the importance of the influence of the local industrial area, the city of
Antwerpen and, under specific meteorological conditions, the important SO2 background imported from distant industrial
and/or urban space heating sources. By means of a more detailed minimax-campaign in the industrial area on the right
river bank, some specific sources causing high short-term SO2 levels, were pinpointed. The entire campaign, carried out
in close collaboration with the Stadslaboratorium Antwerpen and the I HE, received financial support from the
Commission of Industrial Ecology of the Staatssecretariaat van de Nederlandse Gemeenschap en het Vlaamse Gewest.

For the same authority, a second exploratory campaign in and around Zeebrugge at the Belgian coast has been planned
and prepared, in close collaboration with the local authorities of West-Vlaanderen.

6.1.3. RESEARCH PROGRAMMES ON ORGANIC COMPOUNDS
(R. De Fre, H. Peperstraete, T. Rymen)

Two research contracts were signed with the Ministry of the Flemish Community, one for the determination of toxic
organic compounds in the emissions of municipal incinerators, the second foi tracing organic pollutants originating from
industrial sources in the Tessenderlo region.

The contract on municipal incinerators, which started in September 1981, involves sampling of gases as well as particulates,
followed by identification and quantitative determination of a series of extremely toxic organic substances:
polychlorodibenzo-p-dioxines (PCDD's) polychlorodibenzofuranes (PCDF's), polychlorophenols (PCF's), polychloro-
biphenyls (PCB's) and polyaromatic hydrocarbons (PAH's). An integrated sampling procedure was set up, collecting
particulates on glass fiber filters while gaseous pollutants are adsorbed on Tenax cartridges.

After selection of the municipal incinerators of Harelbeke and Brasschaat as test cases, the modifications at the incinerator
chimneys, required for sampling, were carried out. Some preliminary tests were run in order to determine the velocity
profile and to allow final optimization of the sampling procedure.

6.1.4. PRIMARY GAS STANDARDS
(W. Claes, H. Peperstraete)

Within the framework of the working group on method's harmonization for measuring NOX, set up by the Environmental
and Consumer Protection Service of the CEC, a laboratory directory and a primary standard management report were
prepared to assess a further calibration exercice, which will be extended to participants outside the E.C.

On behalf of the same CEC service, an intercalibration exercise was terminated in co-operation with the Institute for
Hygiene and Epidemiology.

Under a further contract with the CEC, an inventory study of data, measuring methods and calibration techniques for
ozone in ambient air was started.

Dynamical dilution techniques were developed and improved, in order to provide higher level gaseous pollutants standards
for exhaust gas control.

6.1.5. ANALYSES OF TOXIC ORGANIC COMPOUNDS IN ENVIRONMENTAL SAMPLES
(T. Rymen)

- Safety precautions

The manipulation of highly toxic organic materials, such as polychlorodibenzo-p-dioxines, obviously requires a number
of infrastructural modifications in the laboratory, in order to decrease the risk of accidental contamination. The
adjusments proposed are based upon the recommendations of Dow Chemical (U.S.A.), which has been handling and
analysing these toxic materials for years. These recommendations also included a number of indications regarding waste
handling and medical control, which are now being investigated by the respective specialized services at S.C.K./C.E.N.
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- Analytical instrumentation

The pollution contracts mentioned before, require identification as well as quantitative determination of a large number
of pollutants in very complex samples. Moreover, because of differences in toxicity, differentiation between isomeres will
be necessary.

Therefore, the gas Chromatographie instruments in the laboratory are being updated so in order to readily accept capillary
columns, which ofTer an important increase in separation capability. Product identification will become possible thanks
to the acquisition of a gas chromatograph-mass spectrometer-data system combination, to be installed in 1982.

6.1.6. AIR POLLUTION DUE TO HEAVY METALS
(G. Cosemans, J. Defraigne, I. Dclcspaul, P. De Regge, J. Kretzschmar, F. Lievens, J. Pauwels, J. Vandervee)

Under contract with the Ministry of Public Health, the daily Pb, Zn, Cd, Ba, V, Ni, Mn, Cu, Cr and Fe levels were
continuously determined in 15 monitoring sites, covering the major urban areas as well as the rural and recreational zones
in Belgium. The statistical analysis of the data showed that, in general, the measured ambient levels of the metals under
investigation were low to very low, with respect to existing guide lines. Analysis of the data as a function of the wind
direction, showed that the influence of industrial sources or source areas was clearly detectable for some specific metals,
even at large distances from the sources. Data obtained on days with persistent wind direction also illustrated the import,
export and the net flux of the metals over the country, as well as the presence of local sources and sinks.

Within the same contract, a detailed survey ol the existing analytical procedures for the determination of As in suspended
paniculate matter was done, while similar studies for Sb en Se were started.

For the determination of these elements at trace levels, two methods were proposed for further work : neutron activation
analysis and atomic absorption spectrometry with the hydride attachment. For sample pretreatment, some procedures are
being investigated.

A two year intercomparison, under field conditions, of three different high volume samplers, three low volume samplers
and one integrating nephelometer, yielded 200 simultaneous measurements of ambient suspended paniculate matter levels.
A correlation and regression analysis showed that the S.C. K./C.E.N. high volumesampler used in the heavy metal network
since 1972, gives results that are in very good agreement with the LIB high volume and low volume samplers, normalized
by the VDI in the Federal Republic of Germany. In a second phase this research will focus on the comparability of different
non-fractionating and fractionating systems for the determination of suspended paniculate matter levels in ambient air.

6.1.7. METEOROLOGICAL STUDIES
(S. Cieslik, G. De Baere, J. Kretzschmar, M. Loos, J. Vandervee)

The detailed study of the meteorological situations near Gent and the industrial area along the Gent-Terneuzen canal,
within the context of the National R & D Programme Environment-air (ICWB/CIPS), came to an end. Two acdars, one
in the urban and one in the rural area, gave continuous information on the evolution of the mixing height as a function
of time, while the 100 m meteorological tower in the rural area supplemented these observations with wind speed, wind
direction and temperature measurements at different levels. On some specific occasions, more detailed monitoring in the
lowest 1000 m layer of the atmosphere were done by means of a tethered balloon. The major findings were summarized
in the final report and all the data were transferred to the central data bank.

In collaboration with the KMI/IRM, the routine observations in Mol were continued and the data analysed and
summarized in the yearly report. A detailed statistical analysis of the simultaneous wind direction measurements at
different levels, showed some unacceptable interferences between the wind speed and wind direction sensors at the 69 m
level.

6.1.8. AIR POLLUTION MODELLING AND IMPACT ASSESSMENT EVALUATIONS
(G. Cosemans, G. De Baere, P. Govaerts, J. Kretzschmar, I. Mertens, J. Vandervee)

The Immission Frequency Distribution Model (IFDM) calculating ground-level concentrations and deposits, and their
variability as a function of time and space, for complex configurations of point and area sources, has been used for different
environmental impact assessment studies. A first application dealt with the impact of a coal-fired power plant upon the
daily SO2 levels in its vicinity. For this specific example, it was possible to demonstrate the realism of the simulations for
a single source case, as ambient measurements were available for the period before the start-up of the power plant and
for a meteorologically comparable period after the start-up.

In a second application, the 1980 SO2 situation in the Tessenderlo-Kwaadmechelen region was simulated using local
meteorological measurements and a detailed emission inventory for the industrial sources as imput data, and continuously
measured half-hourly SO2 levels in seven local monitoring sites as control data for the output. The model calculations
clearly showed the importance of process-related fugitive SO2 emission for the high SO2 peaks occurring once-a-while in
one of the monitoring sites.

Large-scale application of IFDM were carried out within the National R & D Programme Environment Air (Ministry
of Science Policy). For the test zones Gent and Liege, an inventory of SO2 sources was used as imput for the model, together
with the available local meteorological observations, made within the framework of the Automatic Monitoring Network
(I HE and KM I), supplemented with specific remote sensing and balloon soundings.
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Comparisons between calculated and measured SO2 ground-hvel concentrations proved that, at least for the Gent area,
the IFDM model can be used, from now on, as a reliable tool for the air quality management in a given region. For the
Liege area, it was concluded that more research with respect to the local micro-meteorology, influenced by the specific
topography, was required if one wants a modelling reliability of the level obtained in Gent.

Within the same National R & D Programme Environment Air, the test case Beerse aiming at the complete screening of
the emission, transmission and aerosol deposition phenomena in and around a metallurgical plant, was also concluded
quite successfully, with the determination and the simulation of the chimney and the fugitive Sb emissions and their
dispersion and deposition up to approximately 5 kilometers downwind the factory. A specific finding of this project was
that the inaccuracies and the uncertainties, still existing in the measured deposition data, risk to overrule or at least obscure
the corresponding uncertainties in the different modelling approaches. The studies for Gent, Liege and Beerse were carried
out in close collaboration with the other teams (EHL, IHE, K.MI, MKS, N1EB, RUCA, UCL, UIA and ULg) of the
National R & D Programme Environment Air.

In the field of the dispersion and deposition of radioactive pollutants, the S.C.K./C.E.N. participation in the international
benchmark exercise set up by the Committee on Safety of Nuclear Installations (NEA-OECD), was continued with an
intercomparison based on a NRC supplied meteorological data base of hourly observations over a period of one year.

Impact assessment studies for nuclear installations not only require concentration and deposition calculations, but also
the evaluation of possible doses received by the different receptors. In order to cover this, a Dose Distribution Model
(DOSDIM) has been worked out. For continuous or intermittent routine atmospheric releases of complex mixtures of
radionuclides, the DOSDIM code, directly coupled to the IFDM code, calculates the total body and specific organ doses
received by the different age groups, taking into account the various pathways (inhalation, ingestion, cloudshine and
groundshine).

6.1.9. THE 5th CEC CAMPAIGN ON REMOTE SENSING TECHNIQUES
(S. Cieslik, G. Cosemans, J.G. Kretzschmar, B. Vanderborght)

During two weeks in June 1981, different research teams from Belgium, France, Germany, Great-Britain, Italy and the
Netherlands combined their measuring and simulation methods and means in the Gent area (Fig. 6.I.9.). The main
objectives of this campaign were to quantify the transport of SO2 towards the test area and the generation of SO2 within
the area, to study the relationship between SO2 ground-level concentrations and SO2 gas burden, to simulate the whole
process and to validate these simulations by means of the appropriate measurements.

S.C.K./C.E.N. teams were involved in the mobile and semi-mobile SO2 ground-level measurements, in the routine as well
as in the specific meteorological observations, by means of balloon soundings and in the modelling of ground-level and
gasburden profiles.

6.1.10. ATMOSPHERIC FISSION PRODUCT DISPERSION FOLLOWING A REACTOR ACCIDENT
(G. De Baere, P. Govaerts, J. Kretzschmar, M. Loos, I. Mertens, C. Van Bosstraeten, J. Vandervee, Th. Zeevaert)

Within the CEC Indirect Action Research Programme on the safety of thermal water cooled 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 was started. In a first phase, reference data sets, based on three consecutive years
of hourly meteorological observations in Mol, were compiled in order to use them in commonly used diffusion typing
schemes in the Europeans member states as well as in U.S. These data will be used to determine the differences in impact
assessment, when the same accidental releases are considered in the various dispersion schemes normally applied in the
different countries. In a second phase, the applicability and the usefulness of alternative on-line dispersion modelling
approaches within the framework of an emergency plan will be evaluated from a theoretical point of view, and checked
by means of experimental tracer releases, simulating accidental atmospheric releases from nuclear installations.

6.1.11. ASBESTOS IN AIR
(P. Delavignette, J.P. Deworm, J. Pauwels)

From July 1980 till december 1980, ambient air was sampled at 4 different places in the neighbourhood of an
asbestos-cement dumping site in Boom. In August-September 1981, a similar campaign was carried out in the
neighbourhood of an asbestos-cement manufacturing plant in Mol. This project was carried out on behalf of the Ministry
of the Flemish Community. The mass concentration in Boom ranged between 1 and 73 ng/m3, in Mol, between 1 and 61
ng/m3. The corresponding fibre concentrations were between 104 and 106 fibres/m3 in Boom for and from 4x 10' to 7x 104

fibres/m3 in Mol. The size distributions in both sites revealed that 95 % of the fibres had diameters less than 0.15 ixm and
95 % had lengths less than 5 \im. The project was done in co-operation with IHE^ which carried out the determination of
heavy metals, in order to find possible correlations between these metals and the asbestos concentrations.
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Fig. 6.1.12. SEM pictures of asbestos fibres at the inner surface of asbestos-cement pipes for water distribution.

ill
W M

m^Jß^mmmm www;'*

ÄIUÄJ-'
6.1.12. ASBESTOS IN WATER

(P. Delavignette, J. Defraigne, I. Delcspaul, J.P. Deworm, P. Diels, F. Lievcns, J. Painvels)

In nine municipalities in the province of Antwerpen, water samples were taken in the drinking water distribution system.
The piping consisted of asbestos-cement. The samples were analysed on their asbestos-cation and anion content, hardness,
alcalinity and aggressiveness. The aggressiveness index as defined by the American Water Works Association, ranged
between 12.4 and 12.7. The chrysotile concentration was less than 4xlO5 to 7xlO6 fibres/I; for amphibole asbestos less than
4.x 105 to 5x106 fibres/1. The mean and the median diameter for chrysotile was O.06 ;i.m and less than 0.05 :xm; for the lenght
these values were 2.6 .̂m and less than 2 ixm. The aspect ratio was 81 % of the cases in the range 10 to 100. The amphibole
fibres were also elementary fibres, with mean and median diameters of 0.12 ^m and less than 0.10 v.m, and with mean and
median lengths of 2.7 ;zm and less than 2 ij.m.

The inner surface of field samples of asbestos-cement pipes was analysed with the help of scanning electron-microscopy.
These analyses revealed a depostion of elementary fibrils at the outside of the coating (Fig. 6.1.12).

6.1.13. EMISSION MEASUREMENTS
(J.P. Deworm, J. Kretzsclimar, B. Vanderborght, Th. Zeevaert)

A sampling system for organic components (particulates and gases) in the flue gases of municipal incinerators was
developed. The aim was to obtain an isokinetic sample of the particles, with the possibility of separating them in different
size ranges with the help of cascade impactors.

Under contract with the Ministry of Science Policy, a measuring campaign at the Metallurgie Hoboken has been organized
for the determination of the fugitive Pb emissions from the so-called "German furnace complex".
By means of tracer techniques and simultaneous Pb determinations carried out by the RUG team, the emissions of lead
and their temporal and spatial variability were determined under various working conditions. These input data were
introduced in a dispersion model, to evaluate the impact of these fugitive Pb emissions on the ambient air quality in the
vicinity.

6.2. POLLUTION ABATEMENT
(G. Spacpen)

6.2.1. THE ORGANIZATION OF THE DISPOSAL OF SOLID WASTES
(C. De Brandt, F. Decamps, D. De Vooght, H. Hoeyberghs, A. Joosten, G. Spaepen)

6.2.1.1. Environmental aspects

In July 1981, the act was voted concerning the disposal of solid wastes in the Flemish region. This law contains a number
of elements that stem from former work by S.C.K./C.E.N. as reported in earlier annual reports.
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The law provides for the installatoin of a Public Authority for Waste Disposal (OVAM). S.C.K./C.E.N. has given technical
advice for the elaboration of the large number of executive decrees and the planning operations. This task has been carried
out in the framework of the particular position of S.C.K./C.E.N., as mentioned in the waste disposal act of July 1981.

6.2.1.2. Valorization and recycling of solid wastes
(F. Decamps, D. De Vooght, C. De Brandt)

l.ECOTECNIC

S.C.K./C.E.N. has continued its role of project co-ordinator for the construction and start-up of the refuse incinerator
of IVBO* by the T.V.ECOTECNIC.** The incinerator reception testing and start-up were succesfully carried out in
December 1981. Since then, the installation is in normal operation. Its throughput is 27 ton/h. Energy is recovered in a
4 MW turbine, plus a heating system linked to a hospital.
* Intercommunale voor Vuilverwcrking van Brugge en Ommeland
•• Tijdelijke Vereniging DENAYER N.V., SEGHERS ENG., N.V. SMET, ITH

2. N.V. RECYTEC***

Mid'81 all necessary adminmistrative authorizations were obtained for the construction of the industrial pilot for
separation tests on shredded refuse at Meise. The construction was finished as planned before December 1981. The
mechanical reception testing could be carried out in December 1981. The road construction, however, was delayed by the
early winter weather.

The pilot will be run at a capacity of 12 t/h.

*•* Partners are: S.C.K./C.E.N., NIM/SNI, GOM-Vlaams Brabant, Gemeentedienst van Belgie

3. PRODUCTION OF RDF FROM INDUSTRIAL WASTES

An industrial consortium asked S.C.K./C.E.N. to make a concept and detailed calculations on a plant for RDF production
starting from non-toxic industrial wastes. The reference capacity is 900 t/day. Part of the RDF could be used in the plant
to produce electricity and steam for local users. The long-term goal is to make appropriate RDF for a variety of industrial
users. The process-line of the plant has been designed on the basis of shredding experiments on 25 ton of representative
industrial waste in the shredding installations of HAV1LAND****.

**** Intercommunale voor Halle-Vilvoorde

6.3. WATER
(G. Van Roosbroeck)

S.C.K./C.E.N. largely contributes to the R & D elTorts in the field of production and distribution of drinking water,
production of industrial water and treatment of effluents.

This contribution is realized, on the one hand, in the scope of the objectives of the "Studiesyndicaat voor Water (SVW)",
of which S.C.K./C.E.N. is a member, and, on the other, via contacts with the Administration of Public Health, more
particularly on industrial effluents.

In the scope of the SVW activities, S.C.K./C. E.N. carried out research on the elimination of trialomethanes from drinking
water and the treatment of effluents from bio-industry and also on the valorization of organic components of these
effluents.

6.4. ELECTROCHEMISTRY PROGRAMMES

(G. Spaepen)

6.4.1. ELENCO FUEL CELL PROGRAMME
6.4.1.1. General co-ordination

(H. Van den Broeck*)

* ELENCO N.V.

As reported in earlier annual reports, S.C.K./C.E.N., Bekaert and DSM set up the ELENCO N.V. Company in 1976, for
the development and the commercialization of fuel cells. The efibrts have been devoted to alkaline fuel cells, with hydrogen
as fuel and air as oxidant. As before, ELENCO N.V. has subconcentrated its development work to its three stockholders.
Bekaert works mainly on electrode manufacturing, DSM on stack technology and fuel cell operation and S.C.K./C.E.N.
on electrode performance improvement. As in previous years, the ELENCO programme has received financial support
from the Belgian and Dutch Ministries of Economic Affairs and from IWONL/IRSIA.
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Actually, 1981 was the last year of a six year programme, planned in two periods of three years, for carrying out the R
& D work. As not all the targets set for the end of 1981 had been fully reached, it was decided to extend the R & D period
with the first half of 1982. On the other hand, investigations started to identify potential industrial partners and users
interested to take part in demonstration programmes on the practical possibilities of the fuel cells developed. At the end
of 1981, no definitive conclusions had been reached, but numerous contacts, inside and outside Belgium, indicated that
there is enough interest to arrive at some collaboration agreements in 1982.

Stack life testing of the type I electrodes was carried out continuously at 100 mA.cnv2 (= 30 A per module) electrode
surface, using the thermohardener module technique. The effect was measured of triangular current variation of 4 A peak
value on the 30 A module value at a frequency of 300 Hz. Over a period of 5000 h, no significant effect could be found.
After 5000 h life testing, maximum currents of 50 A can still be obtained from the modules, which indicates good structural
stability.

Type II electrodes gave very good results in module testing: the power-time characteristic remains above 3rd generation
target for about 3000 h as shown by Fig. 6.4.1.1.

For more detailed information, N.V. Elenco, Boeretang 200, B-2400 Mol, (Belgium) should be contacted.

6.4.1.2. Electrode research and development
(G. Spaepen, A. Blanchart, G. Van Bogaert, W. Adriansens, W. Doyen, C. Van der Poorten)

The S.C.K./C.E.N. contribution to the ELENCO fuel cell development remained focussed on electrode development and
stack (module) life testing.

The electrode development included the optimization of three types of mixed-coal electrodes. The main factors were the
preparation step before rolling, the component distribution and the final rolling step. Several types of mixing and grinding
mills had to be tested. Evaluation of the electrodes is based on extensive physical as well as electrochemical testing.

Results can be summarized as follows :

- Type I electrode: Ro < 1 Q.cm2

Eo = 885 mV
iiim > 450 mA.cnv2 on electrodes, produced on the industrial pilot line of BEKAERT

- Type II electrode: Ro = 0.8 Il.cm2

Eo = 890 mV
iiim > 600 mA.cnv2 on electrodes made in the S.C.K./C.E.N. laboratory.

6.4.2. HYDROGEN PROGRAMME
(H. Vandenborre, L.H. Baetsle)

The main effort has been devoted to R & D work concerning the electrolytic production of hydrogen in the framework
of contracts with the C.E.C.

The objective of this research work is to develop and to test prototype electrolysers from 5 to 100 kW (hydrogen production
rate of 1 to 25 Nm3.lv1), which are based on the newly developed Inorganic-Membrane-Electrolyte (l.M.E.) Technology.
This technology uses a heterogeneous membrane pressed between nickel electrodes, which have been submitted to a surface
activation treatment using electrocatalysts based on non-noble metals.

The target is 1.65 V at 10 kA.nv2 and 4 MPa, at temperatures not exceeding 120°C.

Cell components (membrane + electrodes) were tested up to 10, 000 h and endurance tests on small scale prototypes of
1 to 5 kW reached 5, 000 h of continuous electrolysis.

As a result of the successful laboratory research, an industrial association, named COBELCON, has been set up with
Bekaert N.V. and Boomse Metaal werken N.V., in order to construct and test prototype units of 100 kW.
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6.4.2.1. R & D on advanced electrolysis
(H. Vandenborre, R. Leysen, H. Nackaerts)

As in the past, the programme is financed by the Commission of the European Communities. Further improvements made
during the last year on membrane, electrodes and cell assembly have directed towards performances, as summarized in
Table 6.4.2.1.

TABLE 6.4.2.1.
Cell voltage and thermal efficiency for I.M.E.-Technology

Current density
(kA.nr2)

2
10

Cell

Proven
technology

90°C 120°

1.65 1.56
2.01 1.85

voltage, Volts

Improved
technology

C 90°C 120°C

1.57 1.50
1.82 1.71

90

90
74

Thermal

Proven
technology
°C 120°C

95
80

efficiency (%)

Improved
technology

90°C 120°C

94 99
81 87

Stability of the results indicated as "Proven Technology" has been proven at a current density of 10 kA.m-2 for 5000 h,
whereas the results indicated as "Improved technology" have been demonstrated for 200-1000 hours at 10 kA.m-2.

6.4.2.1.1. Membranes

(R. Leysen, Ph. Vermeiren, R. Proost)

The chemical stability of polyantimonic acid based membranes (PAM), has been proven for 10,000 h in concentrated
sodiumhydroxide solutions at 120°C.
The potential use of these PAM-membranes in alkaline water electrolysis is indicated in Table 6.4.2.1.1., giving the
membrane resistance as a function of temperature and electrolyte concentration. This membrane resistance value
multiplied by the working current density, gives the voltage drop accross the membrane.

TABLE 6.4.2.1.1.
Membrane resistance of PAM-based membranes, as a function of temperature and external electrolyte concentration

Temperature

90
120

5 wt.% NaOH

0.47-0.49
0.43-0.45

Membrane resistance (Ocm2)

15 wt.% NaOH

0.20-0.22
0.12-0.15

25 wt.% NaOH

0.20-0.21
0.15-0.16

At 120°C and 2 kA.m-2, a voltage penalty of only 25 mV is introduced by this type of PAM-membrane, which is a factor
of 5 less than for the crysotile asbestos, which is used in current electrolysis.

It is also clear from this table, that comparable values of the membrane resistance are obtained for external electrolyte
concentrations from 15 wt.% NaOH to 25 wt.% NaOH.
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6.4.2.1.2. Electrodes

(R. Leysen, Ph. Vermeiren, R. Deknock)

In order to reduce the overvoltage losses on electrodes used in commercial electrolysers, some electrocatalysts based on
non-noble metals were investigated: nickel-sulphide at the cathode (H21) and spinel types NiCo2O4 or Co3O4 at the anode
(O2I). These eletrocatalysts are deposited on electroformed nickel plates with conic holes. Attention has been focussed
on long lasting performances at 120°C and a current density of 10 kA.nv2.

A typical result of the performances of the Co304 electrocatalyst for the oxygen evolution reaction as a function of time,
is given in Fig. 6.4.2.1.2. Only a slight increase of 4 mV per 1000 h is observed during a 6000 h experiment.

6.4.2.1.3. Laboratory electrolysis set-up

(R. Cornelissen, R. Harnie)

Apart from the normal infrastructure of electrochemical laboratory equipment, a new test loop ESTEF (Electrolysis Test
Facility) has been constructed. This installation allows parametric investigations on single and dual cells, with a geometric
electrode area of 300 cm2. The main characteristics of this loop are:

material
nominal working pressure
nominal electrolysis temperature
electrolyte
% maximum electrolyte flow
nominal current density at electrodes
maximum hydrogen production rate
maximum electrolysis power supply

Ni-200
0.5 MPa
120°C
alkaline solutions up to 30 wt.%
1200 1.lv1

10 kA.nv2

500 Nl.lv1

2.5 kW

Acceptance tests on ESTEF started mid'81. A few modifications and adjustments were necessary, to make the installation
operational. A first 200 h run with one dual cell has been succesfully terminated.

6.4.2.1.4. Electrolysis module test facility
(H. Nackaerts, G. Geboers)

The most relevant experimental result obtained in 1981 is'certainly a 5000 h electrolysis experiment with two stacks. Each
of the stacks was composed of 5 single cells, with an effective electrode area of 40 cm2 and was run at 10 kA.nv2 and 0.5
M Pa pressure, with 15 wt.% NaOH electrolyte. The test was run in the ELPH loop. The results obtained clearly demonstrate
the potential of this advanced Inorganic-Membrane-Electrolyte (IME)-technology. Most of the time, the electrolysis stacks
were run at 90°C. The goal set of 4000 h was reached on 12th November, 1981 and the experiment was stopped on 24th
December, 1981 after 5000 h of operation. Cell voltage as a function of time at 10 kA.nv2 and 90°C is given on Fig.
6.4.2.1.4.a.

Fig. 6.4.2.1.4.b. shows some typical polarization curves of the S.C.K./C.E.N. developed IME-system, compared with the
most important commercial electrolyser systems. If one compares the characteristics of the IME-technology which is
proven for 5000 h, with performances of commercial electrolysers, one has to notice not only a clear gain in thermal
efficiency at normal current densities (2 kA.nv2), but due to the flat characteristic of the IME cell voltage-current density
curve, one even obtains, at a 5 times higher current density (10 kAnv2), still thermal efficiencies of 80-85 %.
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Fig. 6.4.2.1.4M. Results from the ELPH test with 2 stacks of 5 cells,
for the electrolytic production of hydrogen.

Fig. 6.4.2.1.4.b. Polarization curves for various electrolyser systems
for hydrogen production.
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6.4.2.2. Industrial prototype elcctrolysers
(H. Vandenborre, R. Lcysen, H. Nackaerts)

As a result of the R & D efforts in the field of the electrolytic production of hydrogen obtained during the last 5 years
at S.C.K./C.E.N., demonstration programmes are set up with Belgian industries.

An association has been set up, named COBELCON (Consortium van Belgische Electrolyseurs CONstructeurs) which
is composed of N.V. Bekaert, N.V.Boomse Metaalwerken and S.C.K./C.E.N. Apart from this collaboration, another
demonstration project has been started in collaboration with N.V. Electrische Nijverheidsinstallaties (E.N.I.).

Negotiations are started to set up a Belgian-French collaboration.

6.4.2.2.1. COBELCON
(H. Vandenborre, H. Nackaerts, G. Geboers)

A 100 kW pilot scale electrolysis plant will be constructed and tested in the framework of the consortium COBELCON.

The prototype electrolysis plant will be equipped with S.C.K./C.E.N. developed electrodes and membranes. The 100 kW
plant will have an electrode area of 0.2 m2 based on the IME-technology and will be operated at 0.5 MPa pressure with
a current density of 10 kA.nr2 and a target cell voltage of 1.75 V at temperatures below 120°C.

6.4.2.2.2. Other industrial partners
(H. Vandenborre, R. Leysen, R. Deknock, R. Harnie, Ph. Vermciren)

A demonstration project has been started in collaboration with N.V. Electrische Nijverheidsinstallaties, whereby an
IME-based electrolyser will be coupled with a photovoltaic cell system, with the aim of hydrogen production from solar
energy. A block diagram of such a system is given as

Solar

energy

Photovoltaic

array

Power

conditioning

IME

electrolyser

Hydrogen
storage and
usage

A first prototype is planned to be operational in 1982.

A collaboration will be set up between S.C.K./C.E.N. and SODETEG (France), with the aim of developing a diaphragm
to be used in medium temperature (160-200°C) electrolysis. Therefore, different types of zirconium oxide and their
compatibility with polytetrafluorethylene in the cold rolling technique will be investigated.

6.4.2.3. Technico-economical assessment of hydrogen
(Ph. Van Asbroeck, J. Pelsmaekers, H. Vandenborre)

As an extension of the work carried out in the framework of the R & D programme of the International Energy Agency,
the break-even electricity price is determined for competitive electrolytic hydrogen. The study considers different energy
resource price scenarios for Belgium within the next ten years. Estimation of the electricity break-even price is made for
large hydrogen plants with a capacity of the order of 105 Nm-Mv1. The mathematical model is based on simple cost
comparisons and on the decomposition of the total cost uncertainty into the uncertainties of energy cost, specific
consumption, investment cost, etc.

At the 1991 time horizon, the production cost of hydrogen is calculated to have a mean value of 441 BF/GJ with a standard
deviation of 77 BF/GJ. The break-even electricity price for competitive electrolytic hydrogen is calculated to have mean
values of 1.1 and 0.9 BF/kWh for base and off-peak electricity, with standard deviation of 0.2 BF 81/kWh.
Competitiveness of electrolytic hydrogen in 1991 is felt to be highly probable if off-peak electricity is made available.

The MAWES (Model for Alkaline Water Electrolysis Systems) Fortran IV coded model has been implemented at
S.C.K./C.E.N. This model, designed by Teledyne Energy System (U.S.A.) under contract with the Brookhaven National
Laboratory, involves the establisment of our engineering and economic framework for the evaluation of various options
in water electrolysis.

Preliminary runs were successfully carried out with IME-technology input data.

6.4.3. EXPLORATORY ELECTROCHEMISTRY WORK
(G. Spaepen)

6.4.3.1. The electrolysis of NaCl
(W. Adriansens, R. Proost, C. Van der Poorten, Ph. Vermeiren)

The chlorine-alkali industry is one of the largest industrial electrolytic consumers of electric power in many European
countries and in the United States. We therefore have started, at the end of 1981, an investigation of possible ways of
reducing energy consumption in this area. The scope of the study covers mainly two aspects of the electrolysis of NaCl:
first, there is the development of an ion exchange membrane which could replace Nafion®, commercialized by Dupont
de Nemours and secondly, the replacement of the hydrogen evolution electrodes now in use by air-or oxygen cathodes.
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The replacement of the steel cathodes by oxygen cathodes in membrane cells can save 0.8 to 1.0 V. The overall cathodic
reaction is:

| O2 f H2O + 2e~ — 2 OH"
Thermodynamically, the difference in potential between this electrode and the hydrogen evolution electrode in the same
electrolyte, is the enthalpy of the reaction at these conditions, or 1.48 V. Because the oxygen-reducing cathode has greater
overpotential than a hydrogen cathode, the saving is estimated to be only 0.9 V at useful current densities.

We envisage the replacement of the hydrogen evolution electrode by an air cathode based on the types developed within
the framework of the fuel cells project. A first result with such an air cathode (2.5 % Pt on C), measured in "realistic
conditions" as far as NaOH concentration and current density are concerned, as a function of time is shown in Fig. 6.4.3.

At apparent current densities of 200-250 mA.cnv2, we measured an electrode potential of 550 mV versus a Hg/HgO
reference electrode. Compared to the hydrogen evolution electrode, this means a gain of about 0.4 -0.5 V. Further work
is foreseen in order to evaluate the use of these air electrodes in the NaCl electrolysis cells.

A membrane chlorine cell uses a cation-exchange membrane as a separator between the anolyte and catholyte. As this
membrane allows Na+ ions to pass but not an appreciable number of Cl ions, a sodium hydroxide solution low in salt
and of a higher concentration than that from a diaphragm cell is produced.

In the framework of the hydrogen project, inorganic ion exchange membranes, based on the inorganic ion exchange
polyantimonic acid, have been prepared by a film casting technique. The same technique will be used here, but instead
of using polysulphone as the binder, polyvinylidene fluoride was preferred because the latter material has better chlorine
stability.

A first series of casting experiments with a membrane composition of 67 wt.% polyantimonic acid and 33 wt.%
polyvinylidene fluoride have been carried out.

Contrary to water electrolysis, where a permselective membrane is not needed, the ability of a membrane to conduct only
one type of ions (cations) is a key parameter in brine electrolysis. Therefore, in preparing these membranes, all the solvent
(dimethylformamide) has been evaporated in the oven which normally results in a low porosity and possibly a high
selectivity.

A first series of experimental results indeed show the existence of a low overall porosity (10-20%) compared to the
S.C.K../C.E.N. "classical" water electrolysis membrane (50-60%). However, electrochemical measurements on these
membranes indicate that the transport number of Na+ ions is rather low, t + = 0.3-0.4(idealbehaviourt+ = 1). This means
that an appreciable number of OH- ions migrate through the membrane from the catholyte to the anolyte, which lowers
the current efficiency. The current efficiency may be defined as :

measured increase (OH') in catholyte
current efficiency = — :— •— — ,n,,~> • ;—;— x 1UU

theoretically calculated increase (OH ) in catholyte
It is noteworthy that even for these membranes which are hardly selective for OH- ions, the diffusion of Cl ions through
the membrane from anolyte towards catholyte is rather small. This means that the sodium hydroxide solution is low in
salt, which is a major advantage of the membrane cell.
Further experiments will be directed towards a necessary enhancement of the transport number of the Na + ions to increase
the current efficiency.

6.4.3.2. Photoelectrochemistry
(V. Corthouts)

Following a patent of Texas Instruments (U.S. patent 4.021.303), we are studying the electrolysis of hydrogen iodide (HI).
The electrolysis of a 10 % HI solution will be accomplished by means of photovoltaic cells instead of a conventional power
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supply. Hydrogen iodide has been chosen for its low decomposition voltage (thermodynamically 0.5 V), which is
favourable to use in conjunction with photovoltaic solar cells.

At first, we have been looking at the electrolysis of HI in a conventional experimental set-up: a perspex cell of 4 cm7

geometric area has been equipped with two Pt-electrodes in order to decompose hydrogen iodide:
anode: 21- - I, + 2e
cathode: 2H+ + 2e - H2

The I2 thus produced may be considered to exist as triiodide (I3-), which is formed by reaction with the iodide (I) ions
from the HI. We have encountered some difficulties, especially at the anode side, with the HI electrolysis. When iodine
is being formed at the anode it may, when present in excess, be deposited in "solid form" onto the electrode surface, thereby
disturbing the behaviour of the electrode. The iodine may also influence the hydrogen evolution at the cathode by
competitive reaction. At the same time, the corrosion behaviour in HI as well as the electrochemical characteristics of one
type of photovoltaic cells are investigated. The photovoltaic cells have been obtained from E.S.A.T. (Elektronica-
Systemen-Automatisatie-Technologie, Departement Elektrotechniek, K.U.Leuven).

6.5. ENERGY CONSERVATION
(G. Spaepen, P. Dirven, G. Wouters)

6.5.1. ENERGY MEASURING TEAM
(H. Van den Bergh, R. Vanbrabant)

In the framework of the National R&D Programme on Energy, S.C.K./C.E.N. carried out the following energy
measurements:

- energy flow diagrams of painting works: four different works were examined;
- chemical and petrochemical industries: the results of the measurements were transmitted to R.U.Gent for further

evaluation;
- total energy flows, especially the waste energy, in two dairies. This action was carried out to supply the necessary data

to the K.U.Leuven team, working on the integration of heat pumps in dairies;
- measurements of available waste energy and seasonal low level energy needs in a meat factory, to supply the necessary

input data to the same K.U.Leuven team;
- follow-up measurements in the paper industry. The main campaign took place in 1980;
- energy efficiency in large refrigeration plants;
- a start was made with the extensive measuring campaign in foundry works. Four foundries are examined completely;

twelve others only for their melting processes. This work is being continued in 1982.

To support the energy auditing programme (cfr. 6.5.2.1.) measurements were carried out in twelve companies.

The instrumentation is kept up-to-date. New instruments bought in 1981 included combustion control equipment, fuel
oil counters, a heat flux meter, an insertion steam flow-meter, a refrigerant counter and the necessary parts to set up a
calibration stand for electrical instruments.

6.5.2. ENERGY ACTIVITIES IN RELATION TO THE NATIONAL ENERGY CONSERVATION SERVICE
(D.E.B./S.C.E.)*

* Dienst voor Energiebchoud -Service pour la Conservation de l'Energie

6.5.2.1. Energy auditing
(P. De Boeck, J. Hermans, W. Schietecatte, H. Van den Bergh, J. Vangeel, G. Van Roosbroeck, G. VVouters)

A convention, covering a five years period, has been signed between the Ministry of Economic Affairs and the
S.C.K./C.E.N., on energy audits in industry. The energy audits are carried out on behalf of the Energy Conservation
Service, as part of a national information campaign to promote energy conservation in small and medium sized companies.
The audits are being executed according to the Canadian energy bus system, which has been obtained through the
European Commission. According to the convention, the two following tasks have been assigned to the S.C.K./C.E.N.:

- development, updating and supervision of the energy bus computer software. This software will be made available to
all participating institutes;

- energy audits according to the energy bus concept in industrial companies. The D.E.B./S.C.E. has assigned an identical
task to I.N.l.E.X./N.I.E.B.* at Liege.

• Institut National de l'lndustrie Extractive -Nationaal lnstituut der Extractiebcdrijven.

During this first year, most of the effort has been dedicated to some preparatory work and start-up of the programme.
In the first place and in close co-operation with the D.E.B./S.C.E., the original energy bus concept has been adapted to
the objectives of the national programme and a general operating scheme has been worked out.
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Furthermore, progress has been made in the following fields:

a) energy audits

- the equipment for one energy bus has been purchased including the bus, the computer, the measuring and data
handling equipment;

- two audit teams have been trained;
- awaiting the delivery of the energy bus, some preliminary audits have been carried out using the computer software

operational on the IBM computer. The results of these first visits are very promising, since a mean potential saving
of 21 % has been reported, ranging from 0 to 55 %.

b) computer software development

- the Canadian computer software has been modified provisionally, in order to meet the requirements of the
D.E.B./S.C.E. and to make the software compatible with available computer hardware. A first modified version
was run on the IBM computer, in order to instruct bus crews and in view of some prelininary audits. At the end
of 1981, a similar version has been made operational on the bus computer;

- a completely new electricity programme based on the Belgian electricity rate structure has been written and has been
made operational.

6.5.2.2. The energy guide for industry
(R. Carchon, R. De Clercq, D. De Vooght, J.P. Deworm, P. Dirven, L. Kinnaer, R. Van Brabant, H. Van den Bergh,
P. Vandeplas, J. Van der Auwera, W. Vandermeulen, T. Van Elsen, J. Vangeel, G. Wouters)

D.E.B./S.C.E. is publishing a series of informative and instructive booklets, dealing with some management and technical
aspects of energy conservation in industry. Different co-writers of the S.C.K./C.E.N. are preparing on behalf of the
D.E.B./S.C.E. some 25 booklets. In 1981, six volumes have been published and some other twelve volumes have been
submitted to the redactional committee for discussion. More than 5000 subscribers have received one or more volumes.
Different subscribers have expressed their appraisal and some foreign energy conservation agencies are co-operating with
S.C.K./C.E.N. on the Belgian energy guide.

6.6. SOLAR ENERGY AND HEAT STORAGE

6.6.1. THERMAL CONVERSION OF SOLAR ENERGY
(P. Vandeplas, S. Heusdains, L. Kinnaer, L. Bayonnet)

Vacuum collectors

A 10 m2 collector field (Fig. 6.6.1.a.)-double sided, flat plate vacuum collectors - was installed on the roof of the VENUS
building, and connected to its heat transfer system.

For the whitening of the roof that acts as a reflector, a two component polyurethane paint was used. This paint has shown
to be very stable, mechanically and chemically.

The selectivity of the absorber plates was obtained by the black zinc treatment as explained hereafter. Equilibrium
temperatures of 150° above the air temperature have been reached with incoming light flux of 800 W/m :.

Various gases for filling the collectors, such as xenon, CC14 and C6H6, have been tested with good results. As xenon is too
expensive, it will be used only for special applications.

Several problems have still been encountered, such as :

- difficulties that appeared in the thermal hardening of large water white glass plates. Therefore, ordinary floating glass
( T = 0.8) was used;

- tightening of the collectors at the edges, due to the inadequate shape of the frame profile;
- leaks at the welds of the holes of the absorber plates;
- corrosion of the black zinc layer by the acetic-acid from the silicon rubber used for the tightening and the sticking of

the support;
- cracks appearing in these plexiglass supports due to the butanol present in neutral silicon rubber.

These problems are solved by:

- changing the glass hardening conditions;
- using for the frame a special omega profile;
- using a resistance welding process for tightening the holes. This has been studied by the C.R.M. (Liege). Tests carried

out at pressures up to 10 kg/cm2 did not show any leak;
- using thiokol for the tightening of the collectors. This polymer presents the advantage that neither solvents nor

chemically corrosive components are set free. Furthermore, contrary to silicon rubber, it is perfectly tight. Tests on small
sized collectors have shown that, even after six months, there is no measurable pressure increase;

- waiting till complete polymerization of the neutral silicon rubber on the plexiglass before the collectors are put under
vacuum.
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Fin f>fi 1 a : The W m: solar cnlla lor field installed at S C.K XC F. S M»l

Heat transfer system

The system that transfers the heat from the collectors to the load or heat storage, is based on the evaporation-condensation
cycle.

The tests carried out on the first version of this system, connected to the 10 m2 collector field, have shown that it has a
high performance as the temperature difference between the collector plate and the water at the outlet of the heat exchanger
is only 2.5°C for a net input of 400 W/m2.

The experience gained with this installation allowed to further simplify it. Therefore, it has been rebuilt using thin-walled
pipes, a minimum of water in the primary circuit and adequate insulation thicknesses. The scheme of this circuit is shown
in Fig. 6.6.1.b.

Fig. 6.6.1.h. : Heal transfer system based on the evaporation-
condensation cycle.
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Selective surfaces

The main efforts in this field concerned the treatment of large plates on an industrial scale. The black chrome on dull nickel
process was first investigated. Very good selectivity characteristics were obtained for flat plates, but on the corrugated
absorber plate, it appeared not to be possible to obtain a uniform black-chrome layer. Therefore, the black zinc process,
which is cheap and offers good corrosion protection, was investigated in detail. Both composition and immersion time
were fixed.

The six collectors of the above mentioned field have been treated in this way, yielding an absorption coefficient of about
0.88 and an emissivity of 0.15. These characteristics are adequate for low-temperature applications, not for high-
temperature applications such as absorption cooling. Furthermore, the process is difficult to be reproduced.

Other processes, on the basis of copper will be investigated.

Passive systems

In the framework of a contract with the DPWB/SPPS, the study of the passive contribution of solar radiation to the heating
of buildings was continued. It consisted mainly in writing and testing a computer programme for the calculation of the
thermal behaviour of buildings and their heat load, the aim being to evaluate the contribution of passive systems. As the
above mentioned contract came to an end, this work was not continued.

Projects

For the 250 m2 collector field to be installed at the European School at Mol, as well as for the 3500 m2 field of the "Sport-en
Recreatiecentrum te Brasschaat", detailed calculations have been carried out, using the above mentioned computer code,
in order to optimize the collector fields and the related heat storage volumes.

6.6.2. RESEARCH ON MATERIALS FOR CELLS FOR DIRECT CONVERSION OF SOLAR ENERGY
(P. Nagels, M. Denayer)

The programme on the use of amorphous silicon as solar cell material, was mainly directed towards an optimization study
of the various deposition parameters during the glow discharge decomposition of silane and during rf sputtering. One of
the major problems encountered in the preparation of thin films, was the presence of pinholes which may form
short-circuiting paths between the top and bottom electrode of a solar cell. The films were examined by means of scanning
electron microscopy and high voltage transmission electron microscopy. Pores of micrometer size could be easily observed.
Different methods were tried in order to obtain a "clean" surface of the substrate. A procedure consisting of subsequent
ultrasonic cleaning in a soap solution, deionized water and acetone was finally adopted. The hydrogen content of the
amorphous Si-H alloys was determined by infrared spectroscopy. Hydrogen is of great importance for the doping of
amorphous Si because of its passivation effect of the dangling bonds. Three main groups of spectral bands were observed
in the vibrational spectra of an undoped a-Si-H, associated with three types of hydrogen distributions: Si-H, bond
stretching bands (x = 1, 2 or 3) at 2100 cm"1, bands due to bending vibrations of SiH2 and SiH, groupings at 890 cnv1

and 840 cnv1 and a band at 630 cnv1 assigned to a band-wagging mode. Only the absorption band ascribed to
band-wagging modes allows a quantitative determination of the hydrogen content. Diborane or phosphine doping of a-Si
resulted in the disappearance of the band bending modes and caused a peak shift from 2100 cnv1 to 2000 cnv1 of the band
stretching modes. The hydrogen content of undoped and doped films deposited by glow discharge at 280°C was in the
range from 11 to 16 at.%. Evolution of hydrogen in undoped a-Si during heating was studied by means of DSC and DTA
measurements. The thermograms reveal three endothermic processes around 320,390 and 650° C, perhaps being associated
with hydrogen evolution, and an exothermic process around 700°C due to crystallization. In phosphorus doped a-Si, the
peaks at 320 and 390°C were very weak. From this finding and from the disappearance of the bending modes in the infrared
spectra upon doping we concluded that the exothermic processes at 320 and 370°C are due to hydrogen loss from SiH2

and SiH3 groups. The efficiency in p-and n-type doping as a function of the flow rate of the doping gases and of the
deposition temperature was investigated by electrical conductivity measurements. The optimum deposition temperature
was found to be 280°C.

The photoconductivity of undoped and doped films was also measured as a function of wavelength and of light intensity.
The photoconductivity was found to be sensitive to doping, in particular to phosphorus doping. The conductivity of a-Si
prepared in a gas mixture SiH4-PH3 containing lOppm of PH-,, increased by two orders ofmagnitude under illumination
with white light of 150 mW.cnv2. The photoconductivity cp had a dependence on the illumination F of the form cpa Fv
where y is a constant. At low intensities y was close to 0.7 whereas at higher intensities y increased to unity. This reflected
a transition from monomolecular to bimolecular kinetics.

In the framework of an IIKW/USN project, the investigation of the conduction mechanisms in substituted
polyphenylactylenes, pure and doped with iodii:e, was continued. As revealed by conductivity and thermopower
measurements, the conduction in the undoped materials could be ascribed to band motion in extended states. On the
contrary, the conduction in the iodine-doped materials was interpreted on the basis of a variable-range hopping model.
The characteristic parameters involved in this conduction process were calculated from the experimental data, using the
presently accepted theories. An expression of the thermopower S in the variable-range hopping regime was calculated for
the case of a highly disordered material in which there exists a band of localized energy levels near midgap. Earlier
published results are controversial as they yield different temperature dependences. Taking into account the variation of
the hopping energy and of the hopping distance with energy, and carefully considering the validity of some
approximations, we derived a temperature dependence of the form S/T a T-'/n + i.
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An investigation on the electrical properties of chalcogenide glasses, mainly aiming at finding some further evidence for
the "charged dangling bond" in these amorphous materials was carried out. According to this model, neutral broken bonds
D° are unstable and are converted into D+ and D- centres of equal concentration. In this respect, we studied the influence
of iodine on the electrical properties of Se65Te35 glasses. In contrast to earlier work published in the literature, we did not
observe a transition from p-to n-type on halogen doping. An interpretation of the influence of the iodine impurity on the
electrical properties was presented.

6.7. GEOTHERMAL ENERGY
(P. Dirven)

Contract work for GOM-Antwerpen on corrosion and mass transfer related to a project on the heating of greenhouses
by geothermal energy has been suspended, because of difficulties encountered during the drilling operations. The feasibility
of new drilling operations is being examined.

6.8. MAGNETOHYDRODYNAMIC ELECTRIC POWER GENERATION
(A. Falla)

The present potential of electric power generation by magnetohydrodynamic (MHD) direct conversion has been further
examined.

The economic interest of MHD systems has been pointed out in the previous annual report. It will be reminded here that,
compared to a conventional steam turbine cycle, an MHD topping cycle combined with a steam turbine bottoming cycle
leads to an economy of 30 % on the primary heat source as a result of the higher thermodynamic efficiency.

Obviously, the interest of developing the MHD systems is tied to the future use of fossil fuels for electricity generation.

Since the MHD closed cycle, using an inert gas as a working fluid, has been found more economic for medium size power
plants (300-500 M We) and more flexible with respect to the fuel (coal, natural gas or gas from underground gasification),
a proposal for R&D work, mainly directed to the closed cycle MHD systems, has been prepared at S.C.K./C.E.N. This
programme includes the experimental studies of the near wall properties of the inert gas in conditions prevailing in an
MHD channel. The influence of the polyatomic impurities, the preionization rate and the electrode design (shape, cooling,
heat transfer to the plasma) will be studied. The tests should be performed in argon or helium as well in a test facility shown
in Fig. 6.8.

Fig. 6.8. Lay-out of a test-facilityfor R&D work on MHD-systems.
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6.9. SUPERCONDUCTORS
(A. Van den Bosch)

6.9.1. DEVELOPMENT OF SUPERCONDUCTING MATERIALS
(R. De Batist*, L. De Wilde)

• Also R.U.C. Antwerpen

Superconductors of the A15 type have been prepared by applying the impregnation technique in sintered niobium with
controlled porosity, filled with either tin or aluminium-germanium eutectic. The composite is transformed into a tape with
predetermined texture and dimensions. The tapes then are submitted to different heat treatments to optimize their
superconducting behaviour.

Some niobium tin tapes had very high critical current densities, but scattering of the results indicates that some of the
fabrication parameters, which are important for technological superconductors, are not yet under control. A correlation
seems to be found between the mechanical treatment and the critical current.

Using the bronze method, a 7225 Nb3Sn filament superconductor has been fabricated by double extrusion, starting with
a bronze matrix containing 85 rods. By subsequent cold drawing, 1 mm diameter wires have been obtained. The
preparation method seems to yield reliably superconducting wires with an overall critical current density of 1.3 x 104 A/cm2

at 13 tesla and 4.3 K. A feasibility test of drawing a multifilament superconductor starting from an S.C.K./C.E.N. made
composite rod has been carried out by a specialized firm. Parts of the resulting wire have been heat-treated and the critical
currents measured are comparable to those observed on equivalent S.C.K./C.E.N. samples. Preliminary experiments are
under way for adiabatically stabilizing S.C.K./C.E.N. multifilament superconductors with pure copper.

6.9.2. PROPERTIES OF SUPERCONDUCTORS

6.9.2.1. Electromagnetic properties
(A. Van den Bosch, F. Biermans, J. Cornelis)

Critical currents of superconductors have been measured resistometrically in magnetic fields of up to 13 tesla at a
temperature of 4.3 K. The apparatus mainly is used to characterize S.C.K./C.E.N. made superconductors. The data
acquisition system of the apparatus has been linked to the central computer. Preliminary computer programmes have been
written for treating the bulk of the data.

In order to compare "short sample" test results to the behaviour of superconducting wires in larger set-ups, some coils
have been wound. The results of the experiment with commercial NbTi multifilament wire is given in Fig. 6.9.2.1.a. The
coil is 4.0 cm long. The inner diameter is 1.6 cm and about 80 m of 0.65 mm diameter has been used. The experimental
load line is in agreement with the calculated one. Also expected was the coil quenching before the "short sample" critical
current Ic is reached. After training, about 90% of Ic could be sent through the coil. In Fig. 6.9.2.1.b., the generated
maximum fields are plot versus n, the quench number. This number is the number of times the coil became normal, as
a consequence of too large a current intensity, before the maximum field, which relates to n, has been reached. The
experiment indicates that some aspects of training may be studied on coils of reduced dimensions.
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6.9.2.2. Mechanical properties
(R. De Batist*, A. Van den Bosch, F. Biermans, J. Cornells)

• Also R.U.C. Antwerpen

An apparatus for measuring the stress-strain behaviour at temperatures between 300 K. and 4 K, on superconductors and
on materials of interest for cryogenic engineering in superconductor technology, has been made operational. The
maximum load is 5 kN.

6.9.3. RADIATION EFFECTS IN SUPERCONDUCTORS
(IIKVV/IISN project and association S.C.K./C.E.N.-K.U.L.)

(J. Cornelis, A. Van den Bosch, F. De Schutter*)

• K.U.Leuvcn(IIKW/IISN)

The programme (IIKW/IISN project 51) studies the pinning of the flux vortices on point defect agglomerates in
superconducting materials. In 1981, mainly the surface effects on pure vanadium have been considered. On the one hand,
the surface-pinning has been reduced by oxygen diffusion. On the other hand, the measurements have been made less
sensitive to the surface shielding effect by lowering the AC-signal frequency to 0.2 Hz.

Measurements on vanadium-foil, irradiated with fission fragments, have been carried out and a preliminary analysis of
the data has been made.

6.9.4. MATHEMATICAL ANALYSIS OF SUPERCONDUCTING MAGNETS
(G. Spauwen)

Further study has been devoted to the existing mathematical methods that are of interest for calculating the
electromagnetic fields of superconducting coils. For precise calculations elliptic integral methods, iterative methods as well
as series expansions can be used. Each method has its practical field of application.

Two specific cases of coil systems have been considered for computation. In the first case, a system of four coaxial coils
have been examined. Relationships for the field-and gradient calculations have been developed. Expressions are derived
for three separate regions, along the axis, the off-axis region and the far field region. In the second case, an experimental
system of two coaxial coils for measuring the magnetic forces as a function of their relative position has been considered.
For the purpose of these calculations, a numerical procedure has been devised by subdividing the coils into individual
current loops and application of Ampere's law for calculating the overall magnetic force. Computer programmes are under
development for further field analysis and evaluating the results.

6.10. ORGANIC SYNTHESIS REACTIONS
(W.R.A. Goossens, H. Vanbrabant)

In the framework of an industrial contract, laboratory investigations have been started on the over-all efficiency of specific
organic synthesis reactions. Experiments on a laboratory scale of about 500 g per batch are combined with process
engineering techniques, to determine the optimal working conditions for a pilot scale production. Mass balances and
energy balances of the various reaction steps and also the specification of the various reaction times and feed streams, allow
a reliable cost estimate to be made by the industrial contractor.

This working procedure has been successfully applied for the synthesis of a well-defined organic product, for which there
is a sufficiently high commercial interest.

Due to the proprietary nature of the programme involved, no technical details can be published.
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Chapter 7

THE BR2 MATERIALS TESTING REACTOR AND ITS ASSOCIATED
FACILITIES
The BR2 reactor was first put into service with ar. experimental loading in 1963. Shut down end 1978 for renewal of its beryllium
matrix, it has been restarted mid-1980. During 1981, the reactor and its associated facilities continued their regular operation.

The reactor operating conditions and the modifications carried out were revised by tiie "Commission Speciale des radiations
ionisantes-Speciale Commissie voor loniserende.Stralingen" during its meeting on 24th March 1981.

The reactor was in operation for a total of 217.8 days. The power level varied between 77.4 MVV and 91.3 MW. Owing to a
relatively lower number of operating incidents and a new operating cycle, the operating coefficient in 1981 (63.9 %) was higher
than in 1980(54.4%).

In spite of the fission product releases observed, the continued effort to optimize the fuel loading according to the needs of
the experiments, has enabled fuel consumption to be reduced to a remarkably low level. The specific fuel consumption in 1981
was 4 standard elements per 1000 MWd, compared with 6 on average before shut-down of the reactor for beryllium matrix
replacement, 12 in 1971 (first routine utilization of cermet type fuel elements) and 23 at the beginning of reactor operation
(with alloy type fuel elements).

On 11th December 1981, it has been decided to prolonge until the end of 1983, the agreement between S.C.K./C.E.N. and
KfK, which came into force in 1969 and according to which occupation of the reactor is shared by German research centres
(Karlsruhe, Jiilich 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 BeNeLux countries and the Federal Republic of Germany. Special arrangements
were made for experiments which were not covered by this agreement.

In 1981, 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). 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. However, the reactor
was primarily used for the sodium cooled fast reactor and gas cooled reactor development programmes, which accounted for
84 % of total reactor use.

The experimental load occupied, on average, 68 reactor channels (67 in 1980 and 74, on average, the last years before the
reactor shut-down for the beryllium matrix replacement). Some 307 irradiation devices (158 in 1980) were loaded, not including
standard isotope production capsules and measuring equipments.

Among the new rigs loaded, the following are worthy of note :

- the VIC-VNS 2 installation, for the irradiation of LMFBR fuel rods under transient operating conditions (MOL 18A
experiment, SNR-BE Transientenprogramm);

- the MOL 10 A 3 rig, for the irradiation of a UC-PuC pin with in-pile swelling measurement ;
- the MOL 11 C 5 capsule, for the irradiation of a UC-PuC pin under cadmium screen ;
- the CFC 6 capsule, for the fuel-cladding compatibility programme ;
- the ISIS experiment, irradiation of ferritic steel impact specimens in a NaK filled capsule at high temperature ; '
- the MOL 5 B 15 rig, for the irradiation of a structural material sample under stress, with continuous in-pile creep

measurement ;
- the ART capsule, for the irradiation of B4C samples ;
- the MOL 22 rig, gamma irradiation of electrical components for the SNR reactor ;
- 42 capsules for the production of ^Co for the CEA (France).

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 measurements.

The BR02 reactor, zero energy model of BR2, was used to study a new core configuration of BR2 to be built in 1982 taking
into account the evolution of the experimental loading. In addition, particular measurements were carried out in BR02 for
the experiments of the VIC type and for the FARFADET programme, (investigation of the in-pile behaviour of fast reactor
fuel rods under plant start-up conditions).

Several important tasks were carried out either to improve the experimental facilities or to increase the performance, safety
and understanding of the operational characteristics of the reactor. As examples, the following may be cited :

- preparation of the irradiation of LWR fuel rods in reloadable pressurized water capsules with power cycling
(TRIBULATION programme) ;

- feasibility study of Post-Accident Heat Removal (PAHR) safety experiments in BR2 ;
- study of in-pile fatigue tests on fusion reactor first wall candidate materials samples (FAFUMA programme) ;
- commissioning of a new facility using BR2 burnt fuel elements for gamma irradiation, in particular of instrumented rigs

and sodium loops ;
- study and construction of mobile FAFNIR simulators ;

7-1



- installation of new radiation monitors in the reactor containment building and at the stack ;
- installation of a data acquisition system for monitoring the BR2 installations ;
- comparison of the results from the post-irradiation examination with the neutronic calculations carried out for the MOL

7 D loop.

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, safety analysis of experiments, radioisotopes production supervision
and administration were carried out by J-M. Baugnet, W. Boeykens, C. Lambiet, R. De Bie.

7.1. IRRADIATION DEVICES
(J. Planquart, J. Brenez, G. Vanmassenhove, G. Blondcel, M. Decreton, J. Dekeyser, A- Falla, F. Moons,
H. Nackaerts, J. Parent, M. Soenen, P. Vanderstraeten, A. Verwimp, R. Catteeuw, C. Decloedt, Ja. Dekeyser,
W. Detavernier, G. Geboers, J. Hermans, J. Leuncn, R. Oris)

7.1.1. GENERAL
(G. Vanmassenhove, G. Blondeel, M. Decreton, J. Dekeyser, A. Falla, F. Moons, H. Nackaerts, M. Soenen,
P. Vanderstraeten, A. Verwimp).

The design, construction and operation of irradiation devices have been continued in collaboration with or for account
of the German Research Centres (Kf K, KFA), the Commission of the European Communities, the German and Belgian
Industry, Interatom and Belgonucleaire and I.R.E.

The work has been carried out for the development of the fast and thermal fission reactors, the fusion reactors and the
production of radioisotopes.

Tables 7.1.1 .a, 7.1.1 .b and 7.1.1 .c give an overview of the general situtation of the devices built by the Technology & Energy
department.

TABLE 7.l.!.b.
New irradiation devices to he loaded in 1982 and the beginning of 1983

A. Sodium cooled fast reactor development
Materials

OASIS
Instrumentation

M0L3L

Fuel
FARFADET

Fuel - power transient programme
MOL 18 A2—|
MOL 18 A3 —1

Safety
MOL 7 C4 —I
MOL7C5—I
PAHR 1

B. Fusion reactor development Materials
FAFUMA 1 & 2
FAFUMA 3, 4, 5 & 6
VNS2

C. Irradiation installation
"DGR 2"

Ferritic steel sample under stress

Sodium flow-meter and temperature probes in
sodium

Fuel behaviour during start-up conditions

LMFBR fuel rod in sodium loop

LMFBR pre-irradiated fuel rods
Sodium flow blockage
Debris bed cooling studies

Static irradiation
In-pile fatigue test (cycling)
Power cycling device

Device for short-term irradiations

TABLE 7.1.l.c
Irradiation devices for gamma irradiation.

(All devices for the sodium cooled fast reactor programme).

1. Loaded in 1981
MOL 22

2. For loading in 1982
MOL 20 AI —I
MOL 20 A2—I
MOL 21 A

Electrical connectors

Concrete samples for SNR core
shielding
Monitor for oxygen in sodium
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TABLE 7.1.1M.
Irradiation devices loaded during 1981 or ready to be loaded

U 1 v

G

1. Loaded at the beginning of the year
Sodium cooled fast reactor programme

MOL 11 C2 —I
MOL 11 C4 —I

High-temperature reactor programme
MOPS E 12 —I
MOPS E 14 —I

Gas breeder reactor programme
GSB-HELM 3

Light Water Reactor Programme
CEB 10—]
CEB 12
CEB 13 J
P4
P5
P9
P17

Irradiation Installations
DGR

VNS 1

2. Newly loaded
Sodium cooled fast reactor programme

MOL 11 C5
MOL 18 AI (with VNS 2)

CFC6
DISP6

High-temperature reactor programme
ART

3. Ready for loading or reloading
Sodium cooled fast reactor programme

CFC8
MOL 18 AI (with VNS 2)

MOL 19 1 —|
MOL 19 2—1

Gas breeder reactor programme
GSB - HELM 2A
SPI1 —|
SPI2—I

Light water reactor programme
PWC BN 1
PWC BN 2
PWC BN 3

Irradiation installations
CCD 1
CCD 2
CCD 3
VNS 2

Mixed carbide fuel in NaK - Cd screen
Fission gas pressure measurement.

Coated particles

GCFR assembly - Vented fuel pins

LWR fuel pin - Medium pressure

LWR fuel pins in baskets

LWR fuel pins in baskets

Device for short irradiation
(radioisotope production)
Power cycling device

Mixed carbide fuel in NaK - Cd screen.
Power transients on fresh LMFBR fuel pin in Na
loop.
Fuel pins in NaK - Ferritic steel
Notch test samples in NaK

B4C neutron absorber rod testing

Fuel cladding compatibility
Power transients on fresh LMFBR fuel pin in Na
loop.
SNR core structural material.

GCFR assembly - Vented fuel with artificial defect.
Steel samples from GSB I.P.S.

Pressurized water capsule

Power calibration rig

Power cycling device

Power transient of pre-
irradiated rod for the
TRIBULATION programme.

Some projects have been described in previous chapters, for instance:

- "MOL 7 C" (In-pile sodium (low disturbance tests) and "PAHR" (post accident heat removal) for the sodium fast
reactor programme (Chapter 1);

- "GSB" (Gas loop with bundle of vented fuel pins) for the gas breeder reactor programme (Chapter 2);
- "TRIBULATION" (mid-life fast power transient) for the light water reactor programme (Chapter 3);
- "FAFUMA" (in-pile material fatigue tests) for the fusion reactor development (Chapter 4);
- "INF-3T" (instantaneous neutron flux measurement by self-powered neutron - SPN-detectors) for in-vessel reactor

instrumentation (Chapter 5).

The situation of the VIC programme (MOL 18 project) is decribed hereafter.
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7.1.2. MOL 18 PROJECT
(J. Dekeyser, M. Decreton, A. Falla)

At the request of KfK, the "VIC" irradiation project was given the new name "MOL 18". The objectives, as defined by
the SNR fuel "Transientenprogramm", remain unaltered : in-pile testing of LMFBR fuel rods under transient operating
conditions. These experiments are carried out in the VIC-type sodium loops, which are designed for testing the behaviour
of LMFBR fuel under fast power transients up to 180 %, as well as under severe Na cooling mismatch conditions with
transient cladding temperatures up to 800°C.

Prototype experiment MOL 18-A1

Early in 1981, the out-of-pile functional tests with the first test section MOL 18-A1 (former name VIC 1-A1) and the
associated MOL 18 peripheral equipment, were succesfully concluded. Next, the complete irradiation equipment was
installed in the BR2 containment building and submitted to final commissioning. In parallel, the same effort was done
for the VNS 2 station, for fission power control, using the 3He neutron absorbing technique.

A picture of the MOL 18 electrical control panel, installed in the BR2 containment building, is shown on Fig. 7.1.2.a, while
a view of the VNS 2 glove box is seen on Fig. 7.1.2.b.

The device MOL 18-A1, with a fresh KNK-11/Mki fuel pin, was loaded in the BR2 reactor during cycle 5/81 and
irradiated for 4 weeks. Several functional and calibration tests were carried out. Under nominal operation, the following
conditions were achieved without difficulty:
- linear power rate at hot plane : 450-500 W/cm
- sodium temperature at inlet: 450°C

at outlet: 600°C
- sodium flow rate: 110-120 g/s
- -'He pressure : 30-34 bar abs.

Fig. 7.1.2M. -Controlpanel MOL IS (VIC 1) installed in BR2.
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All essential parameters of the loop and components of the out-of-pile installation behave within the design ranges. Also,
the two data acquisition systems - local desk-top computer and medium speed computer - operated satisfactorily. The
ability for power cycling by means of the 3He technique was verified at 20 % of nominal reactor power. By lowering the
3He pressure from 32.5. bar to almost atmospheric pressure, the thermal power of the fuel rod was increased by more than
a factor 2.2. This relation is represented on Fig. 7.1.2.C

The planned restart of irradiation in September 1981 was postponed because of difficulties occurring with the tritium
purification circuit in VNS 2 and also because of an intermittent leakage found on the connecting JHe lines towards the
in-pile section. Repair of the gas connectors in the 3He lines was done under special protecting containment to cope with
the tritium contamination. After modification and testing of the operating procedures for VNS 2, the experiment MOL
18-A1 was ready for resuming irradiation at the end of 1981.

Following MOL 18 experiments

Construction of two VIC 1-type in-pile sections "MOL 18-A2" and "MOL 18-B3" started and continued in 1981. Each
of these Na loops will be loaded with a full-size KNK-II fuel rod. However, while the B3 loop will still contain a fresh
pin (0 7.6 mm), the A2 loop will very likely be loaded with an active rod (0 6 mm), pre-irradiated in the fast reactor KNK-II
up to 5 at% burn-up. Technically, the re-encapsulation of an active fuel pin into the VIC 1 test section is quite feasible
and will be carried out in the BR2 hot cells. The next step is the sodium filling, for which a special filling station is needed
inside the BR2 complex. This station is,presently under fabrication for use in the MOL 7C project.

The new test sections will be loaded in BR2 in 1982 and 1983, starting with MOL 18-B3 which is planned to reach a burn-up
of 2 at.% (4 reactor cycles) prior to the transient tests. Both rigs will be irradiated under Cd-screen.

In view of this MOL 18 irradiation programme, neutronic mock-up measurements and reactor core configuration studies
were carried out in the BR02 reactor. This campaign confirms the previously made neutronic calculations and defines a
suitable irradiation position in the BR2 core (cf. par. 7.5.).

Fig. 7.1.2.b. -VNS 2 glove-box (left) and MOL IS glove-box (right) installed in BR2.
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7.2. TESTING AND COMMISSIONING SECTION
(G. Rottenberg, S. Claes, J. De Clercq, A. Sencie, L. Vansteenlandt)

Testing and commissioning work includes :

- commissioning of experimental irradiation devices prior to their initial operation ;
- technical assistance to experimenters and constructors during the manufacture and installation of irradiation devices;
- technical assistance to other S.C.K./C.E.N. departments in carrying out their own equipment or maintenance

programmes.

7.2.1. COMMISSIONING OF EXPERIMENTAL IRRADIATION DEVICES

Table 7.2.1. reviews the main type of new irradiation devices which went through the testing and commissioning procedure
in 1981.

Irradiation of some of the commissioned isotope capsules has not necessarily taken place in the same year.

In addition, other devices were commissioned, such as :

- 2 storage racks for 200 mm fuel elements;
- 20 suspension rods for irradiation baskets;
- 1 cadmium screen for the MOL 18 in-pile section;
- 3 aluminium neutron screens for the TRIBULATION programme;
- 2 baskets for flux measurements in DGR;
- 1 nuclear mock-up for the MOL 21 A experiment;
- 5 start-up sources for BR02;
- 2 fuel element suspension tubes for the BR2 reactor;
- 1 control panel for the MOL 22 experiment;
- the VNS 2 out-pile control system, allowing the power cycling of 3 separate experiments by means of JHe pressure

variations in their respective screens;
- the MOL 18 -AI (VIC 1-A1) out-of-pile control system.
Work was started for the controls of 4 important Na loops :
MOL 7C/3, MOL 7C/4, MOL 18 -A2 and MOL 18 -B3.

Recommissioning of existing out-of-pile systems or in-pile sections has been carried out in the following cases:

- the out-of-pile control system built for the PWC/BN programme, has been recommissioned for its use in the
TRIBULATION programme;

- the PWC/BN 1 in-pile section, used for PWC/BN irradiations has been recommissioned for use in the TRIBU LATION
programme;

- the CFC 06 out-of-pile control system;
- the DISP 06 out-of-pile control system;
- the out-of-pile control system built for the MOL 10A programme;
- the out-of-pile control system, part 2, built for the MOL 5B programme.
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TABLE 7.2.1.
Main new irradiation devices which wem through Testing and Commissioning in 19SI

Type of device

ln-pile sections for loops
Instrumented fissile

material rigs
Instrumented rigs for
material irradiations

Cobalt capsules (pellets)
Iridium capsules

Various isotope capsules

S.C.K./C.E.N.
only

1

2

2
-
-
-

Manufactured by

Customer
only

.

1

1
-

118
83

Jointly

-

1
100

-
-

Total

1

3

4
100
118
83

Total 5 203 101 309

7.2.2. TECHNICAL ASSISTANCE

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 Testing and Commissioning Section for
supervision of the installation, for subsequent acceptance tests and for starting operations.

Assistance was also given to other projects developed at S.C.K./C.E.N. Special mention has to be given to BR3 and
HERMES projects.

7.3. OPERATION AND UTILIZATION OF THE REACTOR
(J. Archambeau, J-M. Baugnet, A. Beeckmans de West-Meerbeeck, W. Boeykcns, N. Ceurvels, J-M. Corbisier,
P. Deckx, M. Dchu, J. Dierckx, E. Koonen, C. Lambiet, H. Lenders*, F. Leonard, H. Massage, L. Morlion, M. Noel,
P. Palenberg*, J. Schutyser, J. Steylemans, V. Stulens, M. Van Loven, J-P. VVannyn).

• EURATOM

7.3.1. REACTOR OPERATION

7.3.1.1. Operation characteristics

The operating period 1981 ran from the 12th January 1981 till the 19th December 1981.Thenominal operating cycle lasted
four weeks (7 days shut-down and 21 days operation) for the first cycle and six weeks starting with cycle 2/81. The 341
days making up the operating period 1981, would have permitted 9 cycles, but there were, in fact, only 8 as one was
cancelled due to extensions of scheduled shut-downs and time lost by operating incidents, as explained in detail in par.
7.3.2.

Starring with cycle 2/81, the reactor has been operated on the following basis :

- shut-down of 7 to 9 days ;
- a running period of 15 to 20 days ;
- an intermediate shut-down of 2 to 4 days ;
- a second running period of 10 to 15 days ;
totalling six weeks.

The purpose of the intermediate shut-down is to unload absorbing devices (loaded at the beginning of the cycle for load
equilibrium and reactivity control), in order to decrease the fuel consumption and to increase the operating coefficient.

The overall distribution of the reactor operation time is as follows:

- in operation
- scheduled shut-downs
- extensions of scheduled shut-downs
- operating incidents (unscheduled shut-downs)

341.0 days 100%
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TABLE 7.3.1.1M.

Nuclear characteristics of the BR2 configuration 9 A

A. Fuel element channels

Power = 83 MW

Reactor
channel

A 30
A 90
A 150
A 210
A 270
A 330

B 0
B 60
B 120
B300

C 41
C 79
C 139
C 161
C 199
C221
C259
C281
C341

D 0
D 60
D 120
D 180
D240
D300

E 30
E330
F 14
F106
F194
F346

G 120
G 240
H 23
H337
K 191

Type

6NG
6NG
6NG
6NG
6NG
6NG

6NG
6NG
6NG
6NG

6NG
6IG
6NG
6NG
6NG
6NG
6NG
6NG
6NG

6NG
6NG
6NG
6NG
6NG
5NA

6NG
6NG
6NG
6NG
6NG
6NG

6NG
5NG
6NG
6NG
6NG

Fuel elements

Average
burn-up

22
19
21
27
22
19

23
31
41
24

0
14
0

35
28

0
23

0
0

36
0

34
26
24
0

37
27
0

37
42
22

45
30
32
28
47

Maximum
lO'-Wc

Thermal (2) E

3.2
2.9
2.9
3.4
3.0
3.0

3.2
3.2
3.3
3.0

2.1
2.3
2.0
2.9
3.1
2.2
2.6
2.0
2.1

2.9
1.8
2.4
2.5
2.5
2.7

2.4
2.1
1.6
1.9
2.7
2.0

1.7
2.0
1.7
1.6
1.8

flux(l)
m2.s

> 0.1 MeV

6.7
6.4
6.2
6.4
6.5
6.7

6.8
6.1
5.2
6.4

6.5
5.4
6.0
5.1
6.2
6.3
5.4
6.0
6.8

5.0
5.0
4.3
5.1
5.2
3.9

4.1
4.2
4.4
3.1
4.2
4.5

2.6
3.3
3.0
3.0
2.7

Conditions

<l> fast

<1> thermal

2.1
2.2
2.1
1.9
2.2
2.2

2.1
1.9
1.6
2.1

3.1
2.4
3.0
1.8
2.0
2.9
2.1
3.0
3.2

1.7
2.8
1.8
2.0
2.1
1.4

1.7
2.0
2.8
1.6
1.6
2.3

1.5
1.7
1.8
1.9
1.5

at start of cycle 7/81

Maximum
nuclear (3)

(W/g Al)

15.1
13.7
13.2
13.6
14.0
15.1

15.7
14.9
12.2
14.4

14.5
12.3
12.8
11.1
13.9
14.6
12.3
13.5
15.4

12.5
12.0
9.7

11.2
11.9
10.2

9.8
10.0
10.5
6.5
9.5

10.8

5.3
7.1
6.6
6.7
5.0

H 4 1OSG 13 5.7

G Cermet fuel element 400 g 2"U type (60 mg : l5U/cm-)
A Alloy type fuel element (36.8mg 2J5U/cm-)
(1) Neutron (lux at 50mm below reactor mid plane
(2) Unperturbed neutron flux on the centre line of the fuel element

(n)°b
0Vo at 2200m/s

(3) Nuclear heating of an aluminium sample placed on fuel element axis at position of maximum flux.
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TABLE 7.3.1.Lb.
Nuclear characteristics of the BR2 configuration 9 A

B. Reflector channels

Power = 83 MW

Reactor
channel

H 1-0
H 1-120
H 1-240
H2-90
H 2-210
H 2-330
H3-30
H 3-150
H 3-270
H5-30
H 5-150
H 5-270

Maximum unperturbed flux
10"Wcm2.s

Thermal

10.4
9.6
9.7
1.2
2.9
2.4
2.4
1.3
2.6
2.7
3.1
1.4

E > 0.1 MeV

1.9
1 6
;.5
0.1
0.7
0.6
0.7
0.1
0.6
0.6
0.7
0.1

Maximum nuclear
heating

(W/g AI)

F 46
F166
F314

G 60
G300

H 37
H323

3.0
3.1
3.7

2.4
2.7

2.2
2.4

1.3
1.0
0.9

0.7
0.6

0.7
0.8

4.7
3.4
3.8

2.5
2.3

2.6
2.6

7.3
6.1
5.9
0.3
2.6
2.3
2.5
0.4
2.4
2.2
2.8
0.3

K 11
K 49
K.109
K251
K 311
K349

2.4
2.0
1.9
2.3
2.1
2.4

0.6
0.3
0.4
0.4
0.2
0.7

2.9
1.3
1.7
1.8
1.1
2.8

L 0
L 60
L120
L180
L240
L300

2.1
1.3
1.6
1.8
1.9
1.6

0.2
0.2
0.2
0.3
0.4
0.1

1.3
0.6
1.0
1.2
1.9
0.5

N 30
N330
P 19
P 41
P101
P161
P199
P259
P319
P341

1.4
1.7
1.6
1.1
1.3
1.2
1.7
1.4
1.4
1.6

0.3
0.3
0.3
0.1
0.1
0.1
0.4
0.1
0.1
0.3

1.2
1.2
1.2
0.6
0.4
0.3
2.0
0.5
0.6
1.3

The reactor was operated using several variants of the core configuration 9. As example, Fig. 7.3.1.1. shows the distribution
of the fuel elements and control rods in the beryllium matrix for the variant 9A, the most used in 1981. Tables 7.3.1.1.a.
and 7.3.1.l.b. give a typical set of nuclear characteristics for this variants, the irradiation conditions were almost identical,
since the fuel charge was altered appropriately.
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Fig. 7.3.1.1.: BR2 configuration 9A.
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Nominal power ranged from 81.5 MW 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. The actual power level varied between 77.4 MW and 91.3 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.

During the year, the total integrated power reached 18, 124 MWd, corresponding to a consumption of 21.9 kg 235U. The
total number of fresh standard fuel elements used was 62; in addition, 2 Xs driver elements were used fortheGSB helium
loop. The highest rated element (a standard cermet type containing 400 g 235U) reached a mean burn-up value of 61 %,
corresponding to 73 % at its hot plane. All the fuel elements loaded were of the cermet type with burnable poisons, except
2 of the alloy type.

Table 7.3.1.I.e. gives the main operating parameters for 1981.

TABLE 7.3.1.I.e.
BR2 -Operating parameters 1981

Reactor operating characteristics

Nominal
Total operating time
Average operating time per cycle
Total energy dissipated
Average energy dissipated per cycle
Fissile charge at start of cycle (235U)

81.5 and 83 MW
217.8 days
27.2 days
18,124 MWd
2,266 MWd
11.8 to 13.1 kg

Circuit characteristics Primary Secondary Pool

Flow (m3.h-')
Inlet temperature (°C)
Inlet pressure (kg.cnv2)
Ap across pressure vessel (kg.cnr2)
pH
Resistivity (Q.cnv1)
Flow in purification line (m3.h-')
Acitivity BY (jiCi.cnr3)

6,700-7,000
40-50
10.6 - 12.5
2.8
5.3 - 7.0
2-6x106

20-30
< 10-'

4,000 - 5,000
20-30
-
-
5.5 - 6.5
I05

100
< 1 0 <>

400
35-45
-
-
5.5 - 6.5
106

20
<10 4

Fuel elements

Maximum nominal temperature at hot spot (°C)
for inlet temperature of 40°C
Heat flux maximum (W.cnv2): nominal

admissible
Water velocity between plates (m.s-')

129- 148
373-461
600

9.4

Liquid effluent production

Cold
Warm
Hot

105'to 10-2,u.Ci.cnv3
3,651 m3

13,171 m3

275 m3

Gaseous effluents

Ventilation of containment building
Ventilation of machine hall
Radioactivity at chimney

38,000 m3.h-'
83,000 m3.!v'

Consumption

Electricity
Demineralized water
Uranium

20.3 x 106kWh
456,740 m3

21.9 kg
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7.3.1.2. Calculation of the reactor loading

Due to the presence of highly absorbing rigs, the loading of several sets of experimental devices demanding identical
conditions, 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 are no longer feasible.

Consequently, for the calculation of the load and the main characteristics of the core channels, a computer programme
previously adapted to the S.C.K./C.E.N. IBM 370-148 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 the basis of the neutron transport theory (three energy groups) was continued.

To illustrate the difficulties encountered in reactor loading calculations, we may cite the following. During 1981, there were
18 start-ups, which involved putting into service 294 instrumented rigs (205 in the core, 89 in the reflector) of which 8 were
started up for the first time. In one case, 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 all the 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 unscheduled shut-downs, advantage was taken of
the opportunity to modify the reactor loading, in order to obtain better irradiation conditions for some rigs.

7.3.1.3. Evolution of reactor operation

Regular operation with an experimental load began in 1963. Tables 7.3.1.3.a. to 7.3.1.3.C give a general review of the
evolution of the operating parameters since then. It should be noted that the continued effort to optimize the fuel loading
according to the needs of the experiments, has enabled fuel consumption to be reduced to a remarkably low level. The
specific fuel consumption in 1981 was 4 standard elements per 1000 MWd compared with 6, on average, before shut-down
of the reactor for beryllium matrix replacement, 12 in 1971 (first routine utilization of cermet type fuel elements) and 23
at the beginning of reactor operation (with alloy type fuel elements).

TABLE 7.3.1.3.a.
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

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

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

3,742.1

Nominal power
(MW)

17
34
34
57
57
58.5
66.5
67
70
70
70
70
74.5
74.5
77
83
78.5
81.5

- 34

- 57

- 63
- 67
- 71
- 70

- 73.5
- 73.5
- 80
- 80.5
- 79.5
- 100
- 106
- 99.5
- 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

251,772

* shut-down of the reactor during 1979 and first part of 1980 for the replacement of the beryllium matrix.
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TABLE 7.3.1.3.b.
Evolution of the operating parameters of the BR2 reactor

B. Operating analysis 1976-1981

REACTOR STATE
Operational
Routine shut-downs
Extension of routine shut-downs
Unscheduled shut-downs
Large maintenance works*

Total

OPERATING COEFFICIENT
Theoretical
Actual

1975

days

235.8
77.0
32.5
24.9

370.2

%

63.7
20.8

8.8
6.7

100

75
63.7

days

240.0
77.0
51.4
29.4

397.8

1977

%

60.3
19.4
12.9
7.4

100

75
60.3

days

193.0
56.0
55.8
23.3

328.1

1978

%

58.8
17.1
17.0
7.1

100

75
58.8

days

110.2
35.0
42.5
14.8

.*

202.5

1980

%

54.4
17.3
21.0
7.3

100

75
54.4

days

217.8
84.0
27.2
12.0

341.0

1981

%

63.9
24.6
8.0
3.5

100

73.8
63.9

shut-down of the reactor during 1979 and the first part of 1980 for the replacement of the beryllium matrix

TABLE 7.3.1.3.C
Evolution of the operating parameters of the BR2 reactor

C. Reactor power and uranium consumption *

CORE CONFIGURATION

POWER (1)
- nominal (MW)
- integrated (MWd)

URANIUM CONSUMPTION
- mass of 2-15U (2) g
- number of elements "alloy"

"cermet"

- average apparent burn-up (3) (%)
- specific (3) (elements/103 MWd)

1976

8

74.5 to 79.5
17,373

20,896
-

80 + 18 Ills
+ 1 XlIIs

62.2
5.1

1977

8 and 9

77 to 100
19,583

23,554
-

115 + 2Xs
+ 1 Vis
49.1

6.2

1978

8

83 to 106
16,477

19,819
-

63 + 2 Xs

73.9
4.1

1980*

9

78.5 to 99.5
8,713

10,481

58 + 1 Vis

42.9
7.0

1981*

81.5 and 83
18,124

21,886
2

60 + 2 Xs

84.0
3.7

(1) Read from "'N 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
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The results of the adoption of the new operating cycle, with an intermediate shut-down for the period from cycle 2/81
up to cycle 8/81, are the following:

Fuel consumption
(fresh fuel elements per 1000 MWd)

Operating coefficient (%)

without
an intermediate

5.4

57.3

with
shut-down

3.1

64.4

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 intended for reactors of several types (fission and
fusion), 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 H 1 channel or the
outer 200 mm channels, depending on whether the rig is surrounded by a driver fuel element 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 variants, which would allow the irradiation of rigs with high antireactivity 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 thermal neutron flux in the beam tubes ;
- special campaigns of short duration in order to carry out some of the safety experiments planned.

7.3.2. OPERATING INCIDENTS

The difference between the theoretical value of the operating coefficient (73.8 %) and the value of 63.9 % actually reached,
was due to the loss of 39.2 days running time, caused by extensions of routine shut-downs and by operating incidents
leading to unscheduled shut-downs.

Routine shut-downs were extended by 27.2 days, as follows:

leak at the reactor top cover
control rods
• replacement of neutron absorbing parts
• jamming of regulating control rods,
• calibration of the regulating control rods
loading and unloadfng of the MOL 18-A1 sodium loop,
transfer of the MOL 7C-3 sodium loop, beryllium plug reactivity measurements
various operations
• check of BR2 fuel elements (fission products release),
• leak at the primary cooling circuit pumps,
• repair of the cooling towers,
miscellaneous

28.5 %
21.3%

15.5%

10.7%

24.0 %

The leak at the reactor top cover was observed during reactor start-up preparation for cycle 2/81. In order to cope with
this leak, the following actions have been taken :

- tightening of the reactor top cover bolts with a torque of 120 mkg instead of 110 mkg ;
- reduction of the reactor primary water pressure (PRCA-4-1302) from 12.5 kg/cm2 to 10.6 kg/cm2;
- maintaining the entrance water temperature (TRCA-4-1301) below 40°C.

No leak was observed during the cycle 2/81 and the following ones during which the primary water pressure has been
maintained at 10.6 kg/cm2.

There were 10 unscheduled shut-downs, which involved a loss of running time of 289.5 h, i.e. 12 days. Table 7.3.2. gives
details.

During several cycles, abnormal fission product releases by the BR2 fuel elements were observed ; one unscheduled
shut-down was due to these releases. The defective fuel elements were identified by wet sipping; they included elements
delivered by different suppliers. Four fuel elements were dismantled in the BR2 hot cells; the plates were visually examined
and neutron-radiographs were made of the defective plates.

Discussions with the present suppliers are in progress to evaluate the observations obtained and to define the destructive
examination of some defects. The situation was improved for the last cycles of the year, fuel elements with other canning
material being used.
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TABLE 7.3.2.
BR2 - Operating incidents (unscheduled shut-downs)

Type of incident

Control rod failures

Fission products in
the primary circuit

Other reactor equip-
ment failures

Human errors

Experiments
- irradiation

conditions
not satisfactory

- rig or out-of-pile
equipment failure

Total

Num-
ber

1

1

3

2

5

12

1976

Duration
(h)

0

136.4

129.8

75.7

255.9

597.8

Num-
ber

4

1

4

3

5

3

20

1977

Duration
(h)

151.1

215.6

44.0

46.1

201.3

47.2

705.3

Num-
ber

2

2

1

5

3

3

16

1978

Duration
(h)

0.3

171.0

50.0

52.6

163.3

121.2

558.4

Num-
ber

-

1

2

-

1

1

5

1980*

Duration
(h)

-

79.9

151.4

-

56.9

66.1

354.3

Num-
ber

4

2

2**

-

1

1

10

1981

Duration
(h)

48.2

69.6

149.2

-

22.5

289.5

* shut-down of the reactor during 1979 and the first part of 1980 for beryllium matrix replacement
** failure in the reactor compressed air system AC1, high temperature alarm from the cooling system of the emergency power supply Diesel I

Several difficulties were encountered with two irradiation devices using 3He as neutron screen (VNS installations). Releases
of tritium into the reactor containment building were observed. Measures are being taken to resume, in 1982, the irradiation
campaigns interrupted by these incidents, (see par. 7.1.2.).

7.3.3. REACTOR EQUIPMENT

The main heat exchangers presented no special operating difficulties from the point of view of heat transfer. Evaluation
of the activity in the secondary water has indicated an increasing leak between primary and secondary sides (10 to 20 1/h
during cycle 8/81). A detailed programme of observations and repair is in preparation.

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:

- continuation with the modernization and improvement of the reactor control instrumentation and health physics
equipment; as examples we may cite:
o construction of mechanisms for the two new start-up chambers (D3 and D4);
• construction of two new reactor power measuring channels (Al and A2);
• in service-tests of the first series of ionization chambers of the new gamma monitoring system for the reactor

containment building;
• in service-tests of new radiation monitors at the stack (dust, gas, a, U I I , tritium);

- installation of a platform on the 4th floor of the reactor containment building (additional room for experimental
out-of-pile equipment);

- study and construction of 6 mobile absorber devices;
- construction and tests of new electromagnets for the reactor control rods;
- installation of an automatic action system on the secondary cooling (low acting in case of reactor jhut-down by scram;
- continuation with the installation of a data acquisition system for monitoring the BR2 installations (reactor, process,

ventilation system, diesel, hot cells).

7.3.4. REACTOR UTILIZATION

An average of 68 reactor channels were occupied by experimental equipment, compared with an average of 67 in 1980
and 74 the last years before the reactor shut-down for the beryllium matrix replacement (see Fig. 7.3.4.a.). The average
distribution of use of the channels is given in Table 7.3.4.

Fig. 7.3.4.b. 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 reactor Hoading.
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TABLE 7.3.4.
BR2 -Average distribution ofii.se of the channels

Purpose 1974

19
5

1975

25
9

1976

26
8

1977

23
4

1978

21
2

1980

15

1981

16
2

1. In the pressure vessel
Study of radiation effects
- fuel and fuel pins
- structural material

Transmutation programmes
- production of actinium

and transplutonium elements
- 60Co
- 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

to
 o

o

3

16

6

6

2

68

3
3

2

15

5

7

2

71

4
3

2

18

6

7

3

77

5
4

2

19

8

7

3

75

5
4

2

19

8

7

3

75

5
2

3

17

12

7

3

67

7
3

3

14

12

7

3

68

Fig. 7.3.4.a.: BR2 -Average number of channels occupied. Fig. 7.3.4.b. Utilization of the BR2 reactor in 1981.

FISSILE MATERIALS

Basrd on "fast uradiation units

[ i c m ' i l A cm2 IE>IOOk«Vl]

This distribution is based on the fast irradiation units (U.I.R.) 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 1020 n/cm2. The fast flux is used because
utilization of the reactor is mainly directed towards irradiation programmes requiring fast neutron fluxes; in 1981,
irradiations for the sodium cooled fast reactor programme accounted for 28 % of reactor utilization, and irradiations for
the gas cooled fast reactor and high temperature gas reactor programmes for 56 %.

Fig. 7.3.4.C. and 7.3.4.d. give the evolution of reactor use from 1963 to December 1981, in particular:

- 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. 7.3.4.C.: Evolution of the occupation of the BR2 reactor from 1963 to 1974.

J.Ö

Fig. 7.3,4.(1.: Evolution of the occupation of the BR2 reactor from 1975 to 19SL
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1282
65

1034
52

1165
58

1133
57

1147
59

1001
51

1353
71

912
48

1143
60

973
51

7.4. HOT LABORATORIES

7.4.1. VERY HIGH ACTIVITY CELLS (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 as indicated hereafter:

1977 1978 1979 1980 1981

- Dismantling cell
- occupation (h)
- utilization factor (%)

- Observation cell
- occupation
- utilization factor (%)

The main tasks 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;
- baskets for the irradiation of fuel pins, directly cooled by the BR2 primary cooling water;
- baskets containing pressure vessel steel surveillance samples from power station reactors;
- irradiated fuel assemblies from the BR3 reactor;
- BR2 defective fuel elements;

- reloading of fuel pins into irradiation rigs;
- preparation of the intermediate storage, in the BR2 hydraulic channel, of irradiated KNK II fuel pins to be used for

the MOL 7C/N programme;
- handling of aluminium capsules containing cobalt grains or discs, irradiated in BR2 control rods or in standard

irradiation rigs;
- transfer and disposal of 60Co sources.

The main work carried out in the observation cell was related to non-destructive measurements on irradiated fuel pins
and BR2 fuel element plates, e.g. visual inspection with photography, dimensional measurements, weight measurements,
auto-gammagraphy and leak test (dry sipping). The auto-gammagraphies 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:

- installation of two L.E.T. periscopes,
- replacement of one of the lead shielded windows of the observation cell,
- decontamination of the SV5 ventilation duct.

7.4.2. MEDIUM ACTIVITY LABORATORY

The work carried out in the medium activity laboratory (L.M.A.) has been described in previous chapters and in par. 8.4.

7.5. REACTOR PHYSICS STUDIES IN SUPPORT OF THE IRRADIATION
PROGRAMME AND OF REACTOR OPERATION
(J. Debrue, Ch. De Racdt, L. Fouarge, N. Maene, R. Menil, Y. Bortels, P. Vanmechelcn, J. Vincent)

The reactor physics studies carried out in support of the irradiation and of the reactor operation include;
- computer calculations and/or measurements in BR02 for the PAHR, VIC, MOL 7D, FARFADET, FAFUM A devices

and for 244Pu production programmes;
- core configuration studies in preparation of the operation of the BR2 reactor with configuration 10.

7.5.1. IRRADIATION DEVICES

- In connection with the PAHR (Post Accident Heat Removal) experiments (par. 1.4.), the neutron and gamma
calculations were continued leading to the optimization of 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 and the thickness and composition of the tubes surrounding the bed have to be chosen.
The adoption of a thermal neutron absorbing screen (Cd or B4C) was also envisaged.
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- Calculations were carried out for a VIC (Variable Irradiation Conditions) device with one fuel pin cooled by sodium,
irradiated under a cadmium screen in a standard BR2 reactor core channel. Two fuel pin diameters were considered :
6.0 mm and 7.6 mm. The strong anti-reactivity of the loop necessitated a special core loading study in BR02 (see par.
7.5.2.). The measurements indicated indeed that this anti-reactivity is equivalent to the loading of a control rod in the
same channel.
The power cycling capability obtained in the loop by varying the pressure of the 3He screen has been measured by using
a boron-containing plastic for the simulation of the 3He. Good agreement was obtained between experimental results
and neutronic calculations carried out in parallel in cases with and without (unperturbed flux) fuel pin.
A comparison of the relative linear fission power densities in two fuel pins loaded in VIC and in a FAFNIR mock-up,
respectively, 'vas also carried out. As many data are available for this latter device, a prediction of the linear fission
power density in the fuel pins irradiated in VIC in possible.

- A comparison was made between dosimetry results (both destructive and non-destructive) and neutronic calculations
for the MOL 7D loop as described in par. 1.3.

The non-destructive examinations carried out on MOL 7D are mentioned in par. 3.2.4.

- Two FARFADET rigs will be irradiated simultaneously in BR2 for very short campaigns: two hours to one cycle. To
predict the linear fission power density in the pins before the reactor start-up, 235U and 239Pu alloyed disks (precalibrated
with the aid of absolute fission chambers) mounted between the fuel pellets of a pin located in one of the two mock-ups
of the rigs loaded in configuration 19 Al, have been irradiated in BR02. For monitoring purposes, gold detectors were
also irradiated in the same two empty mock-ups. The BR2 reactor power will be linked to BR02 by irradiating, during
a run at low power, the same gold foils in the same empty mock-ups in the channels where the rigs are to be loaded
subsequently. A comparison of the relative linear fission power densities in a FARFADET and a FAFNIR pin was
also carried out in configuration 19 Al; this will allow a second and independent prediction of the linear fission power
density in the FARFADET pins.

- In the framework of the in-pile testing of fusion reactor materials (e.g. the FAFUM A programme), calculations have
been made in order to examine the enhancement of the helium formation with respect to the damage (dpa) formation
by pre-irradiation of the samples in a thermal neutron flux. More details are given in par. 4.3. It is planned to carry
out ontrol irradiations with nickel samples in BR2 in 1982.

- During 1981, small 242Pu samples have been irradiated in BR2 in two irradiation positions during irradiation campaigns
of various lengths. The amount of 244Pu produced was determined by radiochemical analysis. The comparison of these
results with the theoretical predictions has started.

7.5.2. REACTOR OPERATION

Due to unloading of the GSB fuel test bundle from the H4 channel of BR2 in 1982, a more compact core loading is
envisaged for future operation of the reactor, keeping in mind the minimalization of the fuel consumption. Therefore, a
study was made in BR02 of several core configurations, which could be used for the irradiation of the VIC loop.

Fig. 7.5.2. Typical configuration studied in BR02 to define
BR2 configuration 10.

ffi

DEPLETED FUEL ELEMENT
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characterized by its strong anti-reactivity (see par. 7.5.1.). Configuration 21A with VIC in channel D180 is the outcome
of these trials. The corresponding new configuration BR2 10 is symmetrical with respect to the axis BO -B180. All the A
and B channels contain a fuel element, except for channel Bl 80 which is loaded with a beryllium plug, in order to decrease
the power level and to improve the radial gradient in the loop. As two different kinds of fuel pins (external diameters 6.0
and 7.6 mm) will be tested in VIC, the burn-up of the fuel elements loaded around the loop will, however, have to be adjusted
in BR2.

Two smaller configurations, 21D and 21 El, were also examined for operation of the BR2 reactor with the VIC rig
unloaded.

The anti-reactivity worth of twelve new FAFNIR simulator rigs was also measured in BR02; it was checked that all screens
contained cadmium. These rigs will act in the future as an additional set of small control rods in BR2, instead of using
fixed FAFNIR mock-ups to be unloaded during intermediate shut-downs.

The presence of cadmium in the tubes of the fuel rack for gamma irradiations in the CM F has been controlled, using the
same technique as applied for the tests of the fuel storage racks at BR02.
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Chapter 8
SUPPORTING ACTIVITIES AND SERVICES

8.1. REACTOR PHYSICS AND APPLIED MATHEMATICS

8.1.1. The BR1 reactor
(J. Debrue, R. Menil, J. Van Dijck)

During 1981, the reactor was in operation for 1082 h, at power levels ranging from 10 W to 1.0 M W; the reactor was started
281 times and the maximum thermal fluence reached 7.30 x 1017 n.cnv2, corresponding to a total energy of 514 MWh. One
hundred and fifty nine samples were irradiated in the experimental channels and pneumatic rabbits, mainly for neutron
activation analysis. More than 80 % of these irradiations were made on behalf of external customers: industry (industrial
control) and universities (air pollution, biological cycle); the other samples were irradiated at the request of S.C.K./C.E.N.
departments for calibration of nuclear measuring techniques.

The experimental facilities continued to be used in support of the fast reactor physics programme and of the LWR pressure
vessel surveillance dosimetry improvement programme. These facilities provide reference neutron fields for calibration
and development of measurement techniques.

The neutron radiography equipment is being tested in the framework of the EURATOM Neutron Radiography
programme. The aim is to establish the image quality level of existing installations and to standardize the methods for
quantitative image analysis.

The utilization of BR1 for research work related to new programmes such as fusion, emphasizes the multipurpose character
of the reactor. S.C.K./C.E.N. is participating in the development of neutron detection techniques for JET. In the first phase
of operation, (D,D) neutrons emitted by the plasma will have an average energy of 2.45 MeV; fast pneumatic rabbits will
allow to irradiate activation detectors during each 10 second pulse. These irradiation conditions can be simulated in the
235U fission spectrum facility at BR1. Preliminary tests with short-lived detectors were started. A method based on delayed
neutron production in fissile targets will also be applied; the technical preparation is under progress.

In another field of fusion research, some aspects of radiation damage in supraconducting materials exposed to heavy ion
bombardment can be studied in BR1. Irradiation of vanadium with fission products issued from a highly enriched uranium
layer has been carried out for this purpose.

The collimated beam of channel BZ 59 has further been used by CBNM for non-destructive quantitative assay of boron
samples and the fast pneumatic rabbit at channel BY 52 for tests to detect selenium in blood plasma.

Finally, selection of low activity materials after use in a neutron fiux has been started. This work is related to the problems
arising from personnel exposure during the maintenance of the nuclear instrumentation located in the vicinity of power
reactors.

Following improvements to the BR1 reactor instrumentation have to be mentioned :
- the uranium temperature and the concrete shielding temperature recording systems were renewed;
- the electronics of the fuel cladding failure detection system was modernized and recalibrated.

8.1.2. THE THETIS REACTOR AT THE R.U.GENT
(J. Debrue, R. Menil, J. Schutyser)

The operation of the reactor was interrupted as planned from March to September 1981, in order to refuel the reactor
core and to renew the control instrumentation. The fuel loading of the core was unchanged since 1976; a special fuel
assembly, manufactured at the R.U.G., was ready to allow a further increase in the number of fuel pins. On the other hand,
the replacement of the control and measurement units had been prepared so that the renewal of the instrumentation could
be realized in about two months.

First, the refuelling took place in April; eight additional fuel pins were loaded, whereas the general core configuration of
4 x 5 fuel assemblies was maintained. Control plate reactivity worth measurements at various steps of the loading
operations allowed to determine the reactivity increase and to demonstrate that the safety criteria are satisfied. The excess
of reactivity of 1500 pcm (1.5 %fik/k) as obtained, will permit the reactor to be operated during the next five years without
reloading.

Before changing the reactor instrumentation, the reactor was restarted at power. Careful measurements of the water
temperature increase through the core and of the neutron fiux in 10 pneumatic rabbits were performed. These
measurements, illustrated on Fig. 8.I.2., provide the reference information for the calibration of the new instrumentation
with respect to the previous operation conditions.

The responsibility of S.C.K./C.E.N. in the renewal of the reactor instru mentation concerned the commissioning of the
installation. More particularly, it has to be ensured that the safety characteristics remained unchanged. This
commissioning took place in May and June. The reactor was restarted in July for a last series of tests.
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of the reactor instrumentation.
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From September up to the end of the year, the reactor has been in routine operation at a power level of 200 kW, lower
than the nominal level of 250 kW (actually, the physical limitation is the water boiling which starts - according to
measurements carried out in 1972 - at about 315 kW; it is to be noted that the reactor is cooled by natural convection).
This period at reduced power was deemed necessary to observe the behaviour of the new instrumentation. Operation at
250 kW is expected to start at the beginning of 1982.

8.1.3. THE TRIGA MARK II REACTOR AT CREN-KINSHASA
(A. Daneeis, M. De Proost, L. Leenders, H. Tourwe)

A technical mission went to CREN-K for the annual maintenance of the TRIGA Mark II reactor. This was the third
mission within the framework of a 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, signed in 1979.

The reactor became operational for operating in stable mode up to 1 M W. Beside the reactor maintenance, the fuel elements
were inspected and several irradiation devices available in the reactor were repaired (the C1 and C2 rabbits and the annular
irradiation device "Lazy Suzan"); moreover detailed lists of spares were established, taking into account the long term
maintenance and an adequate sharing between the AGCD/ABOS- and the IAEA-technical assistance programmes.

On the occasion of this mission, the evaluation and the design of a neutron radiography system to be connected to a neutron
beam tube of the TRIGA Mark II reactor were started. This new project is part of a UNDP (United Nations Development
Programme) co-operation programme, carried out by IAEA, aiming to reinforce the infrastructure of the CREN-K.

The neutron radiography system has an interesting potential of applications inside and outside the CREN-K
(radioagronomy, radiobiology, non-destructive testing of airplane-flaps,...). During the mission neutron flux measure-
ments, design drawings, material and work inventories, as well as cost estimates were prepared.

8.1.4. TEACHING OF NUCLEAR TECHNIQUES AT CREN-KINSHASA
(L. Leendcrs)

An evaluation mission was devoted to the design of a Teaching Laboratory of Nuclear Techniques. This new project is
also part of a Zaire-UNDP co-operation programme, by IAEA, aiming to reinforce the infrastructure of the CREN-K.
The aim of this laboratory is to train students and professionals in the use of nuclear techniques (practical exercises for
the UNAZA students, recycling of CREN-K personnel and of persons employed in radiological services,...).

Conceptual drawings, material and work inventories, planning and cost estimates were prepared with the objective to be
operational during the academic year 1982-83.

8.1.5. INFORMATICS

These supporting activities mainly concerned computer services and mathematical analysis.

Computer services include both hardware and software services within 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 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.

8.1.6. COMPUTER SERVICES
(F. Bosnians, R. Caron, H.R. Deckers, L. De Corte, J.F. De Greef, H. Depuydt, G. Peperstraete, R. Schoonlau,
J. Vandervee, G. Van Roosbroeck)

Hardware services

Maintenance, installation, design and operation services were provided for several on-line process minicomputers and
their peripheral equipment. The services were provided for all 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 system;
- industrial support.

Computer network equipment

In 1981 no major changes in the computer network configuration occurred. The actual equipment of the network is
composed of:

- an IBM 370/148 with 2 Mbytes of core memory;
- a disk storage (3340/3344) of 1240 Mbytes;
- a line printer 3202 of 1100 1/m.;
- a card reader punch of 1000 c/m. and 300 c/m.

TABLE 8.1.6
Utilization of computers

Internal Computer External Computer
IBM 370/148 IBM 370/168

Support tasks 7.0 0.2
Reactor development 16.1 85.1
Fuel Cycle R & D 0.5
Basic research 33.2 5.7
Non nuclear research 20.8
Protection 2.4
Administration 8.6
Third parties 11.4 0,0

TOTAL 100.0 100.0

TOTAL CPU-time 2250 h 80.0 h

8.1.7. MATHEMATICAL SUPPORT
(J.F. De Greef, G. Spauwen, J. Van der Parren, G. Van Roosbroeck)

Mathematical support was given for simulation and analysis for the following topics:

- air pollution;
- energy systems;
- geothermal energy;
- energy conservation;
- nuclear power plant simulation;
- waste disposal in clay formation;
- supraconductivity systems;
- statistics in nuclear safety;
- seavvater desalination.

Details are reported in the relevant chapters of the present report.
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8.1.8. SIMULATOR
(J.F. De Greef)

The programmation of the computer models on the Hybrid Computer System for the simulation of a PWR power plant
progressed in 1981. The most important parts consist of the simulation of the PWR at full power operation and at zero
power operation, the first versions of which became operational. The simulation of xenon oscillations remained still under
study, but improved second versions of the PWR have been elaborated in 1981 and are now under test.

8.2. METALLURGY AND PLUTONIUM FUEL GROUP

8.2.1. METALLURGICAL SERVICES
(J. Pelsmackcrs)

X-ray analysis
(J. Buttiens, J. Pelsmaekers)

X-ray diffraction analyses have mainly been made for the following programmes :
- phase determinations of glassy forms for waste disposal;
- dilTracüon studies on mechanical alloying and cold working on canning materials;
- corrosion studies related to the conditioning of cladding waste and to fuel canning materials.

Scanning Electron Microscopy
Energy Dispersive Analysis of X-Rays
(L. Knacpen)

The SEM-service mainly contributed to the following projects :
- powder preparation for ferritic steel fabrication;
- quality control of the surfaces of drawn ferritic steel tubes;
- corrosion study of candidate materials for geological waste disposal;
- development of electrode materials for fuel cells and for the production of H, by electrolysis;
- quality control and characterization of glassy forms for waste disposal;
- study of tensile fracture surfaces of ferritic steels;
- quality controls of superconductors.

Electron microprobe
(A. Cools)

The electron microprobe investigations contributed to the following programmes and studies :
- examination of materials in contact with clay and claywater;
- qualitative analysis of deposits on electrodes (hydrogen and fuel cell programmes);
- reaction between steels and lead at different temperatures;
- examination of glassy waste products;
- sodium and lithium corrosion of steels;
-• study of materials from the power plant of Doel;
- diffusion of Fe and Ni in W;
- qualitative study of asbestos fibres;
- a number of analysis performed on behalf of external companies.

Optical microscopy
(L. Driesen)

The metallographic laboratory examined 2503 samples. Support has been given to the following programmes :
- ferritic steels;
- corrosion;
- superconductors;
- solar energy;
- waste disposal;
- hydrogen production.

Auger electron spectroscopy
(J. Pelsmaekers)

Auger electron spectroscopy analyses have been done for the study of the surface layers of metals and alloys. Membranes
and electrodes for hydrogen production have been studied.

Depth profiling measurements have been carried out on silicate glasses and on solar collector plate materials.

8-4



8.2.2. PLUTONIUM LABORATORIES
(A.J. Flipot)

Fissile Material Accountancy
(G. Verstappen, VV. Van Gelder, H. Deckers)

A software package is being developed for the S.C.K../C.E.N. central fissile material accountancy. The package will
facilitate the accountancy of the users and further standardize the official reporting to Euratom.

For this purpose a network of virtual machines has been set up in the framework of the IBM network. This will enable
the different users to manage their own fissile material accountancy in their virtual machine. Transfers between MBA's
and SubM B A's will be done by a network supervisor which is responsible for the general management of the accountancy.
It will also carry out the official declarations.

The software package is now under test and will be operational in 1982.

Plutonium measurements by means of the variable dead time counter
(R. Carchon)

As the VDC is an anti-coincidence measuring device, and the waste measurement takes place in the neighbourhood of
fissile material, the background was rather high.

In order to reduce it, an appropriate shielding against external neutrons was applied. Metal boxes containing paraffin were
packed around the apparatus, representing an effective shielding of 26 to 38 cm. Background has been reduced by a factor
of 12 to obtain actually an amount of 100 counts per minute, corresponding to an equivalent fissile material content of
nearly 100 mg.

The normal shielding philosophy of thermalizing neutrons in a hydrogen rich medium and capturing them in cadmium
foil has not been applied as an additional Cd foil did not improve the result. This could be explained by the fact that the
neutrons were captured in the paraffin itself. The dead times have been checked by means of a 1 Ci Am-Be neutron source
and the values have been applied in the software routines.

Calibration of the instrument is under way.

Data acquisition system for PuO2 dilatometry
(G. Verstappen, R. Gilissen)

The data acquisition system of the high temperature dilatometer has been extended to incorporate programming and
control facilities. The temperature programmer has been replaced by a programmable power supply, which is controlled
by the same microcomputer which is also used for data acquisition.

A software programme has been written which allows:

- data acquisition of temperature, expansion, water concentration,...;
- temperature programming as a function of time;
- if desired, temperature programming as a function of shrinkage; the latter feature enables constant rate sintering, a

technique which is used as a fast way to find an appropriate sintering programme for a given powder.

Decommissioning of laboratories
(P. De Boeck)

In order to keep plutonium research operational with less personnel, the decision has been taken to reorganize the
implantation of the glove boxes in the dilTerent laboratories. At the same time superfluous and old glove boxes have been
evacuated for waste disposal. At present:

- 10 glove boxes have been evacuated;
- 3 glove boxes are ready to be evacuated;
- 8 laboratories are operational following the new implantation;
- one laboratory is empty and one laboratory is temporarily used for storing glove boxes which will be evacuated;
- 4 laboratories are being reorganized.

The reliability of fire detection and protection system has been improved by installing a renewed command desk and new
CO2 releasing devices in each laboratory.

Controls
(P. Diels, R. Lecocq, F. Luyckx)

• Microprobe analysis (MPA) and scanning electron microscopy (SEM)

- In the framework of an FBFC order, nine UO2 powder samples originating from three different powder lots have been
examined by SEM. Additionally, a sintered UO2 pellet has been investigated by both SEM and MPA.

- At the request of ACEC, the thickness of metallic films evaporated on electrical contacts has been measured by SEM.

- At the request of Belgonucleaire, the inner wall of an SNR tube has been examined by SEM and MPA.
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• X-ray fluorescence analysis

At the request of Belgonucleaire, "Material Transposition Controls" on two batches of plugs for fuel pins have been carried
out in the framework of the KNK II/2 fuel fabrication programme. A total amount of 7 samples has been measured.

• Chemical analysis

- In the framework of a EURATOM order for safeguards analyses, about 30 Pu samples (oxide powder and pellets) have
been analysed for their Pu content by constant potential coulometry. Nine PuO2 powder samples have been
quantitatively dissolved; the resulting solutions have been carefully weighed and sent to the radiochemical service for
determination of isotopic composition.

- The Pu content of a plutnnium and uranium-plutonium oxide sample has been determined by constant potential
coulometry in the framework of the evaluation of S.C.K./C.E.N. analytical methods used in the SALE programme.

A mean bias of only 0.11 % and 0.06 %, respectively, was obtained.

• Metallography

Twenty-four qualification welds, relative to the fabrication of pressurized capsules for the PFR-M2 irradiation experiment,
have been examined in the framework of a KfK order.

8.3. CHEMISTRY SERVICES
(L.H. Baetsle)

8.3.1. ANALYTICAL CHEMISTRY
(F. Lievens)

8.3.1.1. Analyses
(F. Lievens, T. Rynien, A. Vandevelde, I. Delcspaul, J. Remy-Defraigne)

During 1981 the Analytical Chemistry has analysed 11 965 samples and carried out 96 106 chemical determinations with
the techniques listed in Table 8.3.1.1. These analyses concerned :

reactor cooling water
BR3 reactor
BR2 reactor filters
LMA
nuclear fuels
waters and effluents
various leach solutions
ferritic steels
FLK incinerator
dimethylhydroxylamine
geological disposal
alkali metal coolant
various gases
biological materials
heavy metal pollution
support to the industry
miscellaneous

2911
114

6
190
177

1177
2528
291
160
81

382
22

162
2812

82 710
557

1825

TABLE 8.3.1.1.

Physico-chemical methods
We£ chemical analyses
Gas chromatography
Ion chromatography
Mass spectrometry
X-ray spectrometry
Inductively coupled plasma
Atomic absorption spectrometry
Atomic emission spectrometry
Heavy metals by atomic emission spectrometry

imples

349
772
211
307
61
28

663
924
438

8212

Determinations

419
2415
253
875

1024
119

3714
2338
2829

82 120
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8.3.1.2. Analytical support to the ieaching experiments on glass embedded wastes
(J. Remy-Defraigne, L. Vandevelde)

Some difficulties have been encountered for the analysis of the leaching solutions. Because of the small amount of sample
material available, only atomic absorption spectrometry with the graphite furnace atomizer could be used to determine
up to 8 or 10 elements at trace levels.

Moreover, since the elements to be determined are different from sample to sample, the optimum conditions in AAS
analysis -i.e. large sample series for one element -could not be fulfilled.

Even a dedicated spectrometer used at full time could hardly cope with the number of samples received. Using the two
available AAS spectrometers some 3200 determinations on 400 samples were analysed without creating too much troubles
for the other requests.

8.3.1.3. Automatic scan densitometry for special analysis
(I. Dclcspaul, L. Vandevelde, F. Ven)

In order to increase the output of the spectrographic laboratory the decision was taken to automate the time consuming
data read out. An automatic microdensitome'.er was assembled from standard equipment and the suitable software
necessary to operate the rig was developed.

In principle the internal clock of the computer (PDP II) triggers the transfer of both the film carriage position and the
optical density read at that particular spot on the film.

Some 150 000 couples of transmittance and position values are thus digitalized and stored on the disk. The data are reduced,
during the following step, by determining the position and the intensity of the peaks.
The software has been written to allow the computer to determine the position of a few reference lines in the spectrum,
and, comparing the position and the relative intensities with values stored on a library file, to determine whether an element
is present or absent.

Programmes are presently being developed to provide a complete qualitative and quantitative spectrographic analysis.

During this year, the system has also been used routinely in a semi-automatic version.

8.3.1.4. Tentative characterization of the co-ordination state of elements in glasses by XRFS A1 K-y. peak shift measurement
(L. Vandevelde)

The wavelenght of the Kx X-ray emission line of aluminium is slightly dif ferent for aluminium ions in different
co-ordination states. In soda alu minosilicate glasses, the aluminium can be present in either the four-or the
six-co-ordination states, depending on the Al/Na ratio.

The shift measurement of the Al Ka peak emitted by such glasses, relative to the position of the peak emitted from Al metal,
could help the determination of the chemical co-ordination state of the elements in a glassy matrix. Preliminary
measurements carried out on samples with a known co-ordination (Al metal, A12O3, glasses of known composition)
indicated that the angular shift between the 0 and the 6 co-ordination states was about 0.0925 when recorded with a LiF
crystal analyser.

However, the instrument shows a short term angular drift of the same order of magnitude, which has no consequences
for X-ray fluorescence analyses, but excludes any quantitative estimate of the above line shift determination.
Further work is in progress in order to set up an analytical equipment dedicated to glass analysis.

8.3.1.5. Determination of As, Sb and Se in environmental dust samples
(J. Remy-Defraigne)

This study was started with a thorough bibliographic investigation, with the aim to discover a method which can cope with
all forms of inorganic and organically bound As, Sb or Se. For the determination of these elements at the trace levels, as
possibly encountered in the environment, two methods were proposed for further work : neutron activation analysis and
atomic absorption spectrometry with the hydride attachment. For sample pretreatment, the ideal procedure was not
discovered, but some procedures are being investgated, on organic and inorganic compounds of As, Sb and Sr.

Once the most appropriate combination ofpretreatment and analysis technique has been found, the technique will be used
in routine operation.

8.3.1.6. Ion chromatography
(J. Remy-Defraigne)

This relatively new method was introduced succesfully in our laboratory and has the particular merit to allow a complete
sequential analysis of a series of anions e.g. Cl\ P , SO4~ in one operation.
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The detection limit for some anions is as follows:

ci-
F-
SO4-

s-
NO3-

: 0.01
: 0.01
:0.25
:0.5
:0.05

mg/1
mg/1
mg/1
mg/1
mg/1

Hence, this technique is very competitive with the colorimetric and turbidimetric methods previously used.

This technique allowed furthermore the separation and measurement of a wide variety of anionic species e.g. I-, IO3-
pyruvates, lactates, formates, acet ates, succinates, tartrates, oxalates and fumarates, AsO4™ and SeO3\ Some ions e.g.
C1O3-, NO3- and SO3~ display overlapping peaks which cannot yet be separated in normal working conditions. Sulphite
and nitrite ions are supposed to be oxidized partly in the separation and/or, in the suppressor column, yielding possibly
erratic values for both ionic species and interfering also on NOy and SO4\

More work is to be done on the determination of phosphate ions which apparently show a fluctuating behaviour which
cannot yet be explained.

8.3.1.7. Analyses of toxic organic compounds in the environment
(T Rvmpn^(T. Rymen)

- Safety precautions

The manipulation of highly toxic organic materials, such as polychlorodibenzo-p-dioxines, obviously requires a number
of infrastructural modifications in the laboratory, in order to decrease the risk of acute accidental contamination. The
adjustments proposed are based upon the recommendations of Dow Chemical U.S.A., which has been handling and
analysing these toxic materials for years. These recommendations also included a number of indications regarding waste
handling and medical control which are now being investigated by the respective specialized services at S.C.K./C.E.N.

- Analytical instrumentation

The pollution contracts mentioned in par. 6.1. require identification as well as quantitative determination of a large number
of pollutants in very complex samples. Moreover, because of differences in toxicity, differentiation between isomeres will
be necessary.

Therefore, the gas Chromatographie instruments in the laboratory are being updated so as to readily accept capillary
columns, which ofTer an important increase in separation capability. Product identification will become possible thanks
to the acquisition of a gas Chromatograph -mass spectrometer -data system combination, which will be installed early in
1982.

8.3.2. RADIOCHEMISTRY
(P. De Regge)

8.3.2.1. Radiochemical work under contract

8.3.2.1.1. Migration of 226Ra in soils
(D. Huys, P. De Regge)

On behalf of the N.V. Zeekanaal, Brüssel, an experimental study has been carried out on the solubility and migration of
226Ra in the soil selected as industrial deposit for calcium sulphate contaminated with 226Ra. Without investigating the
actual chemical species, the 226Ra solubility in the surface waters in contact with the deposit and the soil was about 20
;zg per liter. Adsorption of 266Ra in the clay surface layers was studied by batch equilibration experiments, using this
solution and soil samples taken at different depths from the surface to -2.5 m.

Distribution coefficients between 1000 and 2500 were found for the upper layers and between 300 and 800 for the sand
layer below. From those data and the proposed migration and convection model, it could be derived that all 226Ra will
be adsorbed in the upper 5 cm of soil immediately below the deposit. Under no circumstances, the soil would be
contaminated in excess of the nano Ci.g-1 level, which is the threshold for alpha radioactivity, nor would any of the adjacent
water tables be contaminated in excess of the ICRP norm for drinking water as far as radioactivity is concerned.

8.3.2.1.2. Small scale quantitative demonstration of the production of 244Pu by irradiation of 242PuO2

(D. Huys, R. Boden, P. De Regge)

In the framework of a contract with CBNM, quantitative analysis of Pu, Am, Cm and fission products has been carried
out on 20 samples of about 1 mg242PuO2 irradiated in BR2and HFR, Petten, in view of producing the base material for
isotopic enrichment of 244Pu. After dissolution of the samples, the fission products were measured by quantitative
gammaspectrometry; 24lAm and 243Am were determined both by low energy photon spectrometry and isotopic dilution
using alpha-and gammaspectrometry; Pu was analysed by mass spectrometric isotopic dilution; 244Cm and 242Cm were
determined by alpha-spectrometry. Furthermore, complete isotopic mass spectrometric analysis was carried out on all
plutonium samples and a representative number of Am and Cm fractions, to obtain information on their 242Am, 245Cm
and 246Cm content.



Chemical separation of the different elements was based on a combination of analytical procedures using a single anion
exchange column. Pu, Am, Cm and rare earths are retained on Dowex 1-X4in 1 M HNO3 -90 %methanol; the rare earths
are then washed out with NH4SCN; Am and Cm are separately eluted with 5 M HNO3 -50 % methanol and Pu is finally
eluted with dilute nitric acid. Decontamination factors of 103 are obtained for the Pu fraction and around 102 for Cm in
the Am fraction; decontamination of Cm with respect to Ru and rare earths, particularly Eu is only 5 to 10. The treatment
of the small samples in the hot cell gave rise to some cross-contamination problems, which could be solved by the use of
the isotopic signatures of the different plutonium batches. The average material balance of the high enrichment PuO2 was
97 + 1.3 %; for the 88 % enriched PuO2, it was 90 ± 3.3 % calculated on 8 and 7 samples, respectively. The combined
random and systematic error components should not exceed ± 2 %.

To identify the cause of the discrepancy, careful characterization of the source material, particularly with respect to
impurity content and homogeneity, is essential. Detailed results are propriety of the contractor.

8.3.2.1.3. Analyses of samples for the Safeguards Directorate
(R. Boden, P. Diels, L. Vandcvelde, P. De Regge)

In the framework of a contract with the EURATOM Safeguards Directorate, 61 samples have been analysed with high
accuracy for Pu, U, Am or isotopic composition determination. Different cross-checks have been carried out and quality
control programmes based on reference materials have been implemented, to warrant the accuracies requested for those
measurements.

8.3.2.2. Miscellaneous radiochemical analyses
(R. Boden, D. Kuys, P. De Regge)

Tritium has been determined in 89 samples for the GSB experiment and 25 samples for different research programmes.

Plutonium, fission products or 24lAm have been determined in 117 samples for different research projects (hulls
conditioning, vitrified waste characterization, fuel development) and Belgonucleaire.

8.3.2.3. Mass spectrometry of solids

A total of 3417 measurements were carried out on 476 samples, including burn-up determinations, work under contract
and services for different research projects and nuclear industries.

A systematic investigation of the compatibility of isotopic reference materials of different origins has been undertaken
to explain some of the observed discrepancies. Complete evaluation of the results is in progress.

8.3.2.4. Automation of analytical methods
(F. Ven)

A software programme, called M1NC-AP2, has been installed. The computer is now able to collect and evaluate
simultaneously the signals from up to four gas chromatographs or atomic absorption spectrophotometers simultaneously.

A third measuring set-up for a-spectrometry has been made operational. Two supplementary integral a-counting units are
in use since the beginning of the year.

The original shortcomings of the inductively coupled plasma torch apparatus (ICP) were corrected. The computer
programmes and the reliability of the equipment are now satisfying.

A special purpose hall-probe has been built and tested in the Mlvl 12 mass-spectrometer.

A large amount of minor service work and repairs on electric and electronic modules has been carried out.

8.3.2.5. Post-irradiation examination of the rods from assembly G5S
(D. Huys, R. Boden, P. De Regge)

One dissolution test and three burn-up determinations have been carried out on pins PF39, PF31 and PF 121 from BR3
assembly G55. The residue obtained after 6 h dissolving in boiling 8 M HNOj, represents 1.67 % of the initial fuel weight.
It contains 0.2 % of the uranium, 4.0 % of the plutonium, 5 % of the transplutonium elements, 0.7 % of the l37Cs, 1.6 %
of the rare earths and 28 % of the noble metal fission products. On a weight basis, the residue consists of 9.5 % UO2,9.5%
PuO2, 1 % other actinides and 80 % fission products.

The burn-up results obtained from the Nd and 137Cs measurements are given in Table 8.3.2.5. l44Ce data are unreliable
because of the long irradiation history (more than 6 years) and 106Ru data suffer from the uncontrolled chemical behaviour
of this element.

8.3.2.6. Post-irradiation examination of the rods from assemblies B201
(D. Huys, R. Boden, P. De Regge)

Combined dissolution tests and burn-up determinations have been completed on 12 samples. Seven samples have been
dissolved in 8 M HNO3, at 95°C, during four h (procedure A). Five samples were treated with boiling 8 M HNO3 during
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TABLE 8.3.2.5.
Burn-up results for the assembly G55 in atom percent jima

Sample Burn-up from mass spectrometric
Nd determination

Burn-up from radiochemical
U7Cs determination

PF39
PF31

PF121

5.81 ± 0.02
5.79 ± 0.02
5.16 ± 0.05

5.90 ±0.10
5.83 ±0.10
5.10 ± 0.10

six h (procedure B). In both cases, the residues have been dissolved in 10 M HNO3/0.1 M HF. For UO2 fuel and
vibro-compacted fuel, very small residues have been observed of the order of 0.25 % for procedure A and Ö.15 % for
procedure B. The residues are not enriched in uranium nor plutonium nor fission products, except for the noble metals.
Based on 125Sb and l06Ru-Rh data as tracer, 20 to 40 % of the noble metal fission products appear in the residue. Small
differences in isotopic composition of the plutonium in the residue and in the bulk solution, indicate a slight solubility
effect for Pu in addition to the Pu adsorbed on residue from the liquid phase.

Different results are obtained for pelletized fuel. Insoluble residues amount to 0.4 % for both dissolution procedures. The
uranium is present at a similar level, but the residues are enriched in plutonium containing between 4 to 8 % of the total
quantity. On a weight basis, the residue containing between 4 to 6 % of PuO-., whereas the initial fuel contained only 2.71 %
PuO2.

The plutonium in the solution and on the residues, show considerable differences in isotopic composition and the residues
contain 6 to 14 % of the transplutonium actinides, depending on the dissolution procedure. The residues again contain
about one third of the noble metal fission products, but are also enriched in l44Ce. All data are consistent with a model
where the insoluble PuO2 consists of Pu rich particles remaining from the original PuO2 used for the fabrication of the
fuel. Dissolved Pu consists of partial attack of PuO2 particles by nitric acid and complete dissolution of (U,Pu)O2 mixed
crystals formed during irradiation. The PuO, originally present in the fuel, has received a higher neutron fluence than the
average Pu, which explains its depletion in 2-19Pu and its high transplutonium element content.

The burn-up values obtained from the Nd isotopes are given in Table 8.3.2.6.

TABLE 8.3.2.6.
Burn-up results for the assembly B20I in atom percent fima

Sample

Dl
D3
D7
D8
Dll
D13

Rod

V1670
1788
1734
1791

P354
P355

Burn-up

2.434 ± 0.011
2.008 ± 0.032
2.478 ± 0.050
2.572 ± 0.014
2.121 + 0.007
2.465 ± 0.050

Sample

D2
D6
D8
D10
D12
D14

Rod

VI670
V1734
V1671

1791
P354
P355

Burn-up

2.612 ± 0.014
2.521 ± 0.014
2.518 ± 0.032
2.139 ± 0.027
2.148 ± 0.043
2.458 ± 0.023

8.4. LABORATORIES FOR HIGH AND MEDIUM ACTIVITIES (LHMA)
(A.C. Demildt, P. Beullens, A. Daniels, A. Gys, J. Ketcls, J. Van de Velde, J. Vandersteene, C. Van Loon,
T. Van Ransbeeck)

8.4.1. MISCELLANEOUS SERVICES

In uddition to services rendered to R & D programmes reported elsewhere, LHMA has been involved in the following
activities.

- Different types of containers have been adapted, in order to generalize the possibilities for transportation of radioactive
sources of different forms and relatialy large sizes.

- A special heavy container has been studied for the transportation of fuel pins irradiated in thermal power reactors and
fuel bundles of experimental fast breeder reactors.

- In the workshop for repair of manipulators, located in the active zone of the building, simulation set-ups have been
installed and operated for feasibility studies of a hydraulic press, used for irradiated and contaminated Zircaloy
cladding compaction. Another simulation set-up has been made for the feasibility study of an ultrasonic pneumatic
centrifuge, to be used for the separation of undissolved fines out from a nitric acid solution;

- The workshop for plastic foil manufacturing had moved as the microwave equipment interfered with some of the
sensitive electronic measuring devices used in the adjacent laboratories;

- Several orders for plastic foil manufacturing have been fulfilled for outside organizations and other departements of
S.C.K../C.E.N.
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8.4.2. DISMANTLING, DECONTAMINATION AND INTERVENTIONS AT HOT CELLS AND CONTAMINA-
TED ZONES

The following tasks have been fullfilled for a continuous and safe exploitation of the LHMA :

- discarding contaminated waste conducts in the basement of the building and the decontamination of the basement
itself;

- discarding of a rail system for container transport in the hall;
- repair of equipment, contaminated at different levels in the hot repair work-shop, after decontamination to an

acceptable level;
- interventions in the hot cells 01, 02, 06, 15 and 60 for decontamination and repair;
- 445 operations for transfer of material to other laboratories;
- the collection and packing of a total volume of 7150 m3 waste.

8.4.3. TECHNICAL SUPPORT

8.4.3.1. Management of the hot laboratories

Dismantling and decontamination operations were rather restriced. Most attention has been paid to the general
maintenance of the laboratory, a project of refitting a number of laboratories, including an adequate waste storage room
and a decontamination facility. The liquid wabte pumping system for the transfer of liquid wastes to the Waste departement
has been completely revised.

The new ventilation circuit for the metallurgical hot cells has also been installed and will be connected to the hot cells
in 1982.

8.4.3.2. HERMES project

In the mock-up of the C-> eel, the simulated equipment and piping have been installed. This 1/1 model will now be used
for:

- drafting the mounting procedures, taking into account the possibilities and difficulties of welding and X-ray
radiography;

- studying the manipulation possibilities.

A pneumatic ultrasonic centrifuge will be tested in the SPC cell prior to the installation of larger equipment.

A large pneumatic press will be installed in the hot cell Ct, after testing a 60 t press in the SPC cell.

8.4.3.3. Infrastructure and equipment for the surveillance of PWR vesse'. steel in the 1000 Ci-cell.

After mounting the equipment, including the safety devices and thespecial ventilation circuitry for handling the isopentane
cooling liquid, the full electric installation of the refurbished hot-cells has come to an end. This includes the illumination
of the cells, and the connections of all the instrumentation.

8.4.3.4. Nuclear fuel accountancy

A programme has been set up and tested and is now operational for controlling the detailed accounting and dispatching
of nuclear fuel samples. The complete inventory is already stored in a data bank.

8.4.3.5. Metallurgical hot cells M, and IY12

Most of the measuring equipment, which has been ordered at external firms, has now been installed in the Mt and M ; hot
cells.

- After the storage unit, which has been installed earlier, the measuring rigs I and II as wel as the moving work table
have been installed in the M, eel.

- The Eddy current device, the X-ray generator and the third measuring rig have been ordered.
- The lathe in the M2 cell is being equipped with a digital measurement apparatus and several other adaptations are being

carried out to facilitate the remote operation of the equipment.
- The necessary equipment is under construction, for installing the Ge(Li) detector which is already available.

8.5. RADIOACTIVE WASTE DISPOSAL
(N. Van de Voorde, J. Claes, G. Dumont, H. Spriet A. Taeymans, D. Hennart, R. Anderlin, VV. Balleux, M. Fevery,
L. Krieckemans, G. Geenen)

The most important assigments fullfilled by the S.C.K./C.E.N. Radioactive Waste Disposal Departement are: collection,
transportation, processing, interim and ultimate storage of radioactive wastes. In addition, the department is entrusted
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with the routine, as well as the emergency decontamination of nuclear facilities, laboratories, equipment and work clothing,
both inside and outside S.C.K./C.E.N.

The department also operates the S.C.K./C.E.N. drinking and demineralized water production plant.

8.5.1. RADIOACTIVE LIQUID WASTE TREATMENT

Detailed operational statistics for 1980 and 1981 are indicated in Table 8.5.1.

Warm liquid waste

A volume of 7895 m3 warm liquid waste (12 530 m3 in 1980) was released into the intermediate-level liquid waste treatment
after sufficient decay, periodic monitoring and tailored pretreatment.

Radioactive sludges

Dry concentrates of filtered sludges resulting from liquid waste treatment amounted to 28 614 kg (35 646 kg in 1980). The
cleaning of the bottom of the 2000 m3 collecting tank and various operations at the BR2 reactor produced 51 249 kg of
sludge, resulting in a total mass of 79 863 kg, which was homogeneously dispersed into hot bitumen. The ultimate volume
of 101.6 m3 stabilized sludge/bitumen mix was finally conditioned in 677 concrete-lined steel drums.

Total reduction fractor resulting from radioactive liquid waste processing

An average volume of 1775 m3 cold suspect and intermediate-level liquid waste has been processed per m3 sludge bitumen
mix.

River disposal

The total radioactivity released into the Nete river by discharging 259 774 m3 (237 453 m3 in 1980) specifically treated and
duly monitored liquid waste, amounted to 14 687 mCi, representing 27.2 % of the total weighted radioactivity release
permitted in one year.

TABLE 8.5.1.
Statistics for liquid waste treatment

Cold suspect liquid waste

- total volume delivered
- dry sludge production
- average radioactivity

a

?o'a

3H

Intermediate-level liquid waste

- total volume delivered
- dry sludge production
- average radioactivity

a

3H

(m3)
(kg)

(ixCi/ml)

(m3)
(kg)

GiCi/ml)

1980

101 420
7 980

82 x 10-9
1,500 x 10-9

127 x 10-9
73 x 10-9

86 777
18811

48 x 10-9
760 x 10-9
38 x 10-9
2.8 x 10-9

1981

99 660
7 973

51 x 10-9
740 x 10-9

34.4 x 10-9
39740.x 10-9

80 160
20 641

44.5 x 10-9
809.3 x 10-9

36.5 x 10-9
5.4 x 10-9

nil

Average decontamination

(% initial radioactivity removed)

a
ß-a
9<>Sr

98.45
92.48
95.65

99.59
93.82
95.53

8.5.2. RADIOACTIVE SOLID WASTE TREATMENT

Operational statistics are given in Table 8.5.2.
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TABLE 8.5.2.
Solid waste treatment (m3)

Combustible waste
Compressible waste
Incompressible/
incombustible waste
Medium-level solid waste

TOTAL

volume

1980

1129
573

581
6

2289

delivered

1981

1675
377

404
13

2469

volume

1980

480
812

509
0

1801

processed

1981

1750
402

352
1

2505

stock

31.12.80

696
126

774
119

1795

31.12.81

621
101

826
211

1759

Specific treatment results can be summarized as follows.

- Combustible waste:
1750 m3 of low-level ß-a combustible waste was incinerated and gave rise to a final volume of 26.7 m3 radioactive ashes.

- Compressible waste:
402 m3 of incombustible and a-contaminated combustible waste was baled and conditioned in the a treatment plant.
The resulting reduction factor was 2.47 (2.32 in 1980).

- Incombustible/incompressible waste:
352 m3 miscellaneous waste was incorporated in bitumen or concrete and ultimately conditioned in steel drums.

Medium-level waste storage fields

13 m3 medium-level radioactive waste packed in standard containers was delivered and brought the total volume of waste
retrievably stored on the storage field on 31st December 1981 up to 145 m3. The older storage pits still contain 66 m3.

The total inventory of medium-level waste stored at the Waste Disposal Plant on 31.12.81 amounted to
activity special nuclear material and fertile material

249 015Ciß-v 1278 g Pu
170 Ci a 45.26 kg natural uranium
105 Ci 226Ra 1.402 kg depleted uranium

2.307 kg enriched uranium

Interim storage site I

In view of ultimate disposal, 2338 steel drums and 278 concrete containers (a total of 2484 metric tons) of insolubilized
solid waste are stored on the site of the Waste Disposal Plant on 31.12.1981.

The movements during the year were as follow:

steel drums concrete metric tons
containers

261 2314
393 4419
376 4249
278 2484

(*) These figures do not take into account specific waste from Eurochemic, Dessel, included in the figures of par. 8.5.5.

The disposable radioactivity stored on site I on 31.12.81 amounted to 32.8 Ci a, 6061 Ci ß-a, 433 Ci 226Ra and 65.0 Ci 3H.

8.5.3. DECONTAMINATION-INTERVENTION-LAUNDRY

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 26,068 h was devoted to this type of operations.

Laundry decontamination teams treated 28,928 kg (32,978 kg in 1980), monitored 19,110 kg (22,088 kg in 1980) and ironed
9,904 kg (11,614 kg in 1980).

8.5.4. WATER PRODUCTION AND SUPPLY

The water production plant treated and supplied 251,055 m3 drinking water (266,900 m3 in 1980) and 465,073
demineralized water (215,170 m3 in 1979).
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8.5.5. ULTIMATE DISPOSAL OF PROCESSED AND CONDITIONED RADIOACTIVE WASTE : OCEAN
DISPOSAL

An internationally supervised disposal of solidified low-level radioactive waste was carried out under OECD/N EA control
in September 1981. With the technical assistance of S.C.K./C.E.N. Health Physics teams, the Waste Disposal Departement
ensured the safe conveyance of 4450 metric tons (5688 containers) from the interim storage site I at S.C.K./C.E.N. Mol
to Zeebrugge harbour, where the cargo was loaded on 2 Dutch ships. The see-dumping phase was completed within a duly
selected zone where the Atlantic Ocean is about 4500 m deep.

8.6. PROTECTION
(R. Boulenger*, G. Fieuw, M. Neve de Mevergnies)

• CORAPRO

8.6.1. HEALTH PHYSICS
(J. Colard, J.P. Deworm, J. Dulcino, L. Ghoos*, P. Govaerts, G. Koch, J. Mariein, G. Penelle*, \V. Siegers,
Th. Zeevaert, C. Hiirtgcn)

8.6.1.1. Monitoring of personnel, installations and transport

External dosimetry

From Is1 January 1982 on, the film dosimeters were replaced by thermoluminescent dosimeters. On this occasion, the
personnel monitoring system was thoroughly revised and reorganized.

Systematic monitoring was reduced to 900 permanent workers, necessitating the analysis of about 26,000 dosimeters.
Another 5,000 were put at the disposal of occasional workers and visitors in controlled areas.

The total collective dose, reaching 310.3 man-rem, was mainly due to the refuelling operations of the BR3 reactor (103.8
man-rem) and the operation of the Waste Department (107.6 man-rem). The latter includes 47.4 man-rem due to the
dismantling of Ra-installations at MHO-OLEN (Table 8.6.1.l.a.).

These operations also gave rise to 85 % of the weekly doses exceeding 100 mrem, totalling 635. The total annual dose
distribution is shown in Table 8.6.1.1 .b.

The maximum permissible dose was not exceeded.

Incidents and health physics safety evaluations

Within S.C.K./C.E.N., 61 incidents of minor importance were registered. 8 persons were checked and treated in the
decontamination facility.

Transport

907 applications for transport authorization of radioactive materials were introduced.

Approval by the Physical Control

During 1981, 74 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 the 3rd until the 10th September.

5688 drums representing a total weight of 4450 tons were transported to Zeebrugge, loaded on the Dutch m.v. "Kristen
Smit" and "Louisa Smit" and finally dumped in the Atlantic Ocean.

During loading operations, an estimated total dose of about 13 man-rem for 60 workers in Mol and 24 man-rem for 101
workers in Zeebrugge was recorded.

BR2
The most important issues related to the exploitation of the BR2 reactor from the point of view of physical control and
radiation protection were the following.

- The strength of the primary bolting. A preliminary analysis after some leak at the reactor cover, resulted in a reduction
of the primary water pressure and the entrance water temperature.

- The periodical increase of fission product contamination in the primary circuit, due to defect fuel elements. The
maximum 131I-concentration re mained well below the safe derived working limits. The wet-sipping techni que was
efficient for identification of the defect fuel elements.
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Table 8.6.1.1.a.
Annual total collective dose for workers at S.C.K.-C.E.N.

Break down in different facilities and exposure levels.
() number of workers monitored.

(] man-Sv = 100 man-rem)

Installations 1977 1978 1979 1980 1981

BR2
- administration
- operating personnel
- hot-cell facilities
- contractors experiments
- technology department in pile
loops

Health Physics department
- health physics staff
- administration
-CORAPRO

man-Sv man-Sv man-Sv man-Sv man-Sv

0.001 (24) 0.004 (25) 0.001 (23) 0.002 (21) 0.003 (22)
0.233 (104) 0.165 (105) 0.267 (105) 0.278 (108) 0.195 (106)
0.128 (10) 0.157 (10) 0 157 (9) 0.132 (10) 0.121 (10)
0.018 (32) 0.015 (32) 0.007 (30) 0.010 (24) 0.001 (13)

0.006 (44) 0.009 (44) 0.002 (45) 0.002 (47) 0.005 (36)

BR3

Waste treatment

Isotope production

(U,Pu) mixed oxide
laboratories

(IRE)

fuel

0.041

0.728

0.874

0.283

(63)

(80)

(36)

(71)

0.671

0.787

0.303

0.184

(62)

(88)

(17)

(66)

0.847

0.598

0.147

0.118

(63)

(90)

(13)

(62)

0.406

0.864

0.055

(65)

(98)

(54)

1.038

1.076

0.037

(55)

(97)

(48)

0.107 (33)
0.001 (42)
0.030 (8)

0.124- (34)
0.001 (42)
0.012 (8)

0.092 (34)
0.001 (42)
0.013 (8)

0.133 (35)
0.032 (43)
0.015 (8)

0.138 (34)
0.024 (16)
0.009 (6)

LHMA

Low risk of exposure
Very low risk of exposure
administrative stafT

0.136

0.044

0.013

(100)

(212)

(494)

0.094

0.108

0.006

(106)

(206)

(512)

0.065

0.084

0.004

(108)

(207)

(531)

0.037

0.089

0.007

(109)

(204)

(535)

0.045

0.156

0.018

(79)

(139)

(228)

Total number S.C.K.-C.E.N. staff
Non S.C.K.-C.E.N. staff
- trainees
- contractor workers

- (1353) - (1357) - (1370) - (1361)

0.024 (9)
0.070 (82)

0.011 (9)
0.165 (103)

0.011 (9)
0.179 (132)

0.002 (5)
0.199 (142)

0.008 (52)
0.229 (174)

Total 2.796(1444) 2.816(1469) 2.593(1511) 2.243(1508) 3.103(1115)

TABLE 8.6.1.1.b.
Total annual dose distribution

Doses in mrem
year 1976 1977 1978 1979 1980 1981

2J0-1250
1251 -2500
2501 -5000
> 5000

132
94
79

122
44
31

1

155
60 •
20

145
59
12

153
35
14

119
52
36

Max. dose (in mrem) 4878 5043 3939 3267 3971 4898
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- An airborne tritium contamination of the reactor building. The concentration of the tritiated water exceeded 10 % of
the maximum permissible level for about 25 days, with a local maximum of 60 %. The contamination was caused by
some defects of a 3He circuit of the VNS-2 installation, where tritium is formed by neutron absorption in -̂ He. This
incident allowed to optimize interventions and measurement techniques on equipment, which is highly contaminated
by tritium.

- A small leak between the primary and secundary circuits at the main heat exchangers. This leak will be stopped by
plugging two tubes, early in 1982.

The collective dose received by the BR2-workers in 1981 amounted up to 19.5 man-rem (0.195 man-Sv).

The average annual dose burden from reactor operation in the period 1965 to 1978 (before the replacement of the
beryllium) was 32.3 man-rem (0.323 man-Sv).

The hot-cell workers received a global dose of 12.1 man-rem (0.121 man-Sv).
The average annual dose for the period 1969-1980 was 11.9 man-rem (0.199 man-Sv).

BR3

Up to 21s1 September, the reactor was shut-down for fuel loading, inspection and testing. This period was characterized
by the traditional interventions in areas with important surface contaminations and at high radiation exposure levels. The
collective dose to the BR3-workers during 1981 amounted up to 104 man-rem (1.04 man-Sv). This equals about the average
annual dose since the initial reactor start-up.

In September, the operation of the reactor with core 4C was granted for a period of 2 000 EFPH (Equivalent Full Power
Hours). The restrictions in the authorization are due to the ongoing evaluation of the embrittlement of the reactor vessel.
Early 1982, new information allowed normal operation of the reactor, as scheduled.

8.6.1.2. Environmental monitoring

Site survey

- The monitoring programme within the vicinity of S.C.K./C.E.N. was continued. Measurements on samples taken twice
a month from twenty different wells and ponds, revealed no abnormal values.

- The 41 A-pIume discharged from the BR1 is regularly registered when passing the different PCS, depending on the wind
direction.

- In case of unfavourable meteorological conditions (inversion), radon emanated l»y waste drums stored in the vicinity
and minor releases by the stack of the waste incinerator are detected by PCS5.

- 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 40 mrad.a-1 (Table 8.6.1.2.a.).

- A minimum dose rate level of 20 mrad.a-1 was recorded above the water of the Miramar lake and a maximum of 1,340
mrad.a-1 in the neighbourhood of the Western storage field of the Waste Disposal Plant.

- The 13 environmental dosimeters placed around the nuclear power plant at Tihange revealed dose rate levels between
52 mrad.a-1 and 65 mrad.a-1 with a mean value of 56 mrad.a-1 (Table 8.6.1.2.a.).

- The 10 environmental dosimeters placed around the nuclear power plant at Doel showed dose rate levels of between
37 mrad.a-1 and 59 mrad.a-1, with a mean value of 49 mrad.a"1 (Table 8.6.1.2.a.).

- The monitoring systems for the different extraction lines and stacks of the combined facilities FLK-incinerator -Waste
water treatment plant have been installed and the procedures for the quantitative determination of the discharged
activities of a-dust, ß-dust and 131I through these stacks were settled.

Table 8.6.1.2M.
Mean dose rale /eve/? in mrad.a '

at Dad, Tihange and S.C.K./C.E.N.

Doel Tihange S.C.K./C.E.N.

1979 46 53 40
1980 46 56 38
1981 49 56 40

Neet River basin

The total weighted radioactivity of the liquid effluents released by the Waste Disposal Plant into the Mol Neet during
1981, and determined by using the formula :
5 (total a) + total ß + 30 (9()Sr) + 3 (131I) + 300 (226Ra) + 0.001 (^H)
reached 27 % of the maximum permitted value (4 500 mCi/month). The releases were due mainly to the total ß-acti vity
and 90Sr-activity contributing for 54 % and 37 %, respectively, to the total radioactivity released. Further analysis
showed a high contribution of 60Co (62 %) and 137Cs (22 %) to the total ß-activity. Pu (mainly 239Pu) and Am (mainly
•'•41Am) gave the most important contribution to the total a-activity, with 66 % and 19 %, respectively.
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- Continuous sampling at ten stations in the Mol Neet 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 Neet water. No abnormal values were
registered.

Table 8.6.1.2.b. summarizes the activity discharged into the Neet river.

- 16 environmental dosimeters placed on the banks of the Mol Neet, Grote Neet, Witte Neet and Kleine Neet 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 240 mrad.a-1 (contaminated sediment -Mol Neet) and 20 mrad.a-'
(non-contaminated sediment -Witte Neet).

Table S.6.1.2.b.
Activity discharged into the Neet river (weighted activity in mCi)

Year

1979
1980
1981

114
57

117

Total a

325
193
145

11044
6103
5406

131]

526
1437
672

458
223
374

Total |s

5251
5689
7986

Total

17718
13702
14700

Percentage of
the maximum
allowed

33
25
27

8.6.1.3. Emergency plan organization

The instructions of the S.C.K./C.E.N. emergency plan were adapted to the new "Provinciaal "OH-Plan", issued by the
provicial authorities, for assistance in case of a severe accident in one of the nuclear installations in the region of Mol -Geel
-Dessel.

The radio broadcast for the residential area and the radio for the communication with the helicopter of the Light Aviation
of Brasschaat were tested. The latter revealed some deficiencies and was replaced.

The instructions for interventions at the Tihange nuclear power plant have been adapted to the new issue of the emergency
plan of the "Protection Civile" at Liege.

8.6.1.4. Testing of air filters

In situ testing of HEPA filters

The efficiency of the H EPA filter banks is routinely checked in situ once a year and after replacement of the filters. In total,
185 filter banks were tested in different S.C.K./C.E.N. laboratories. 16 of them showed unacceptable penetration (>
0.1 %). Table 8.6.1.4. shows the number of tests and results for the past 3 years.

In facilities outside S.C.K./C.E.N. 148 HEPA filter banks were tested; corrective measures had to be taken at 25 banks
(17%).

The new "Active scattering aerosol spectrometer system" equipped with a 2 mW He-Ne laser, was used, simultaneously
with the classic DOP test, for testing single stage HEPA-filter systems in the Nuclear Power Plants Doel and Tihange. The
correspondence between the two methods proved very good.

Table 8.6.1.4.

Year

1979
1980
1981

Number of filter banks
tested at S.C.K./C.E.N.

186
180
185

Unsatisfactory
(penetration

Number

21
13
16

filter banks
> 0.1 %)

Percentage

11.3
7.2
8.6

Testing of charcoal filters

A methyl iodide generator was used for testing the charcoal filters in :

- the "scrubber" at BR2, where all filters were replaced and showed an efficiency of 99.6 % decreasing to 95.6 % after
7 weeks;

- the exhaust of a transfer installation of liquid wastes, where the charcoal had to the replaced as the efficiency of the
charcoal decreased from 99 % to 80 %. The new filter had an efficiency of 99.8 %;

- a glove-box exhaust at BR3, which showed an efficiency of 99.95 %.
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Respiratory cartridges

Checking of a total of 260 respiratory cartridges yielded only 3 cartridges (1.2%) with DOP-penetrations higher than
0.05 %, which were no longer suitable for use in air-contaminated areas.

Respiratory masks

About 300 facemasks in use in the different laboratories were tested.

A facemasks-fitting test system was assembled to check the leakage through the space between the mask and the face of
the wearer by means of a challenge aerosol (polydisperse DOP). These tests showed :
- important leaks for half facemasks and full facemasks if the person is wearing a beard;
- higher protection factors for the full face than for the half facemasks.

8.6.2. RADIATION DOSIMETRY AND CONTROL MEASUREMENTS

8.6.2.1. Personnel dosimetry

8.6.2.1.1. Internal dosimetry
(J. Colard, J.P. Culot*)

* CORAPRO

Direct methods

During 1981, the following examinations have been carried out for thesurvey of internal contamination by direct methods :

- 935 whole-body measurments among which 86 measurements with the 30 cm <1> Nal detector for ~6Ra assessment;
- 48 thyroid examinations for 123-125 o r 131 j detection;
- 3 wound examinations for Pu detection;
- 48 measurements with the lung proportional counter for Pu assessment;
- 18 lung measurements with ähe 30 cm <!> Nal detector for Th and U assessment.
A case of long-term retention of 75Se, administred as selenomethionine for medical diagnostics, was investigated by
whole-body and urine countings.

Several cases of ThO2 lung contaminations are followed since 6 years, showing biological half-lifes of about 5 years.

Body scannings have been carried out with a collimated Nal detector, in order to investigate a case of 198Au dust inhalation
and to localize the 75Se in the case of long-term retention.

Efficiency curves of the 20 cm and 30 cm diameter Nal detectors have been determined and the parameters have been
introduced in programmes for Gaussian fitting on the IBM computer.

A Ge(Li) detector whole-hody counter has been calibrated in the Power Plant of Doel and the characteristics of such
installation have been compared with those of a Nal detector.

The main part of these measurements was carried out for S.C.K./C.E.N. personnel at the request of the Health Physics
Departement.

Indirect methods
(C. Hurtgen, G. Koch, J. Luysterborg, F. Verhoeven, J. Vynckier)

During 1981, a total of 2,910 radionuclide determinations were carried out on urines and other biological samples such
as nose-blow and faecal samples.

The most important tests were:

- 226Ra : 76 determinations;
- a-emitting actinides (mainly plutonium): 1,547 determinations;
- complex mixtures of actinides (two or more actinides simultaneously present in the sample): 191 determinations;
- natural uranium determinations through fluorometry: 550 determinations;
- nose-blow samples : 270 determinations (mainly a-emitters);
- I4C and 3H : 276 determinations.

The main part of these measurements was carried out on request of the Health Physics Department of S.C.K./C.E.N.
However, support was also given for bio-assay measurements, at the request of institutions such as Belgonucleaire, FBFC,
EURATOM, Belgian universities, Union Miniere, Metallurgie Hoboken Overpelt, etc.

8.6.2.1.2. External dosimetry
(L. Ghoos*)

* CORAPRO

Thermoluminescent dosimeters have replaced the filmdosimeters for the personnel of S.C.K./C.E.N.

About 3,000 personal dosimeters are read per month : 400 on a weekly, 400 on a monthly and 500 on a biweekly base.
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The dosimeter contains 3 LiF-ribbons, known as TLD-700 and one LiF-microrod, enriched in 6Li. Holders and detectors
are treated in a completely automatic way.

In the charging-decharging apparatus the holders are unlocked, the detectors are read and the holders are closed, ready
for distribution.

The readings are recorded on a magnetic tape, where they follow the identification code which has been read during
transport of the holder.

For control purposes, these items are also projected on a monitoring screen and printed on a teletypewriter.

Calibration is done by irradiating some dosimeters at the middle of the reference period.

The computing programme FAUNA has also been adapted to this change.

Some problems were encountered during exploitation, due to a less successful design of the holder. It has been changed
by the manufacturer.

This new design has to be tested before thermoluminescent dosimeters can be distributed to our customers outside
S.C.K./C.E.N. For the latter, filmdosimeters are still distributed at a rate of about 4,000 per month; due to difficulties of
supply, the sensitive film Structurix D 10 had to be replaced by the less sensitive Structurix D 7, with a lower detection
limit for gammas (about 2 mSv or 20 mrem).

8.6.2.2. Environmental dosimetry and control

8.6.2.2.1. Nuclear spectrometry measurements
(J. Colard, J.P. Culot*)

* CORAPRO

A fourth Ge(Li) detector with a relative efficiency of 10 % has been put into service. Efficiency curves for various volumes
have been determined and parameters introduced in the Ge(Li) routine programme.

For Nal(Tl) spectrometry, only one QS crystal (well 250 cm3) remains in service. Photomultipliers have been ordered for
the two QS crystals.

Normal routine work has continued on samples concerning mainly radioecological studies, radiological survey of nuclear
power sites and isotope metabolism. Up to 4,600 samples have been analysed, coming from :

- Health Physics department of S.C.K./C.E.N.:
- Radiobiology department of S.C.K./C.E.N.:

Alimentary chain
Biological cycle

- Miscellaneous:
S.C.K./C.E.N.
other

8.6.2.2.2. Radiochemical measurements

20%

40 %
26%

12%
2%

(R. Boulenger*, J. Dulcino, C. Hurtgen, G. Koch, J. Baton, J. Luysterborg, F. Verhoeven, .1. Vynckier)

• CORAPRO

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 « 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.

For the dust samples, the mean monthly a activities varied between 0.71 and 2.92 fCi.nr3. The monthly ß activities ranged
between 0.02 and 0.24 pCi.m-1 and the monthly 9llSr activities between 2.85 and 0.10 fCi.m-\

For the rain water samples, the mean monthly a. activities varied between 0.23 and 0.95 pCi.l"1. The mean monthly ß activities
lie between 10 and 190 pCi.l"1 and the monthly 9()Sr activities between 0.10 and 2.32 pCi.H.

These values are very similar to those measured during 1980 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 analysis.

Alimentary chain
l)0Sr and i;t7Cs activities were measured in food samples taken from all over Belgium by the I HE.
The range 9USr contamination values found are given in Table 8.6.2.2.2.

The results were made available to the Radiobiology Department for further analysis.
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TABLE 8.6.2.2.2.
Range of"Sr contamination values of the alimentary chain in I9SI

Maximum values Minimum values
Type of food

(pCi.l-'or kg-') (pCi.g-1 Ca) (pCi.Hor kg«) (pCi.g-1 Ca)

Milk 6.2 1.8 1.6 0.9
Eggs 1.0 0.5 0.5 0.344
Meat 1.0 0.055 0.5 0.027
Vegetables 11.8 0.695 0.9 0.059
Fruit 4.1 0.125 0.7 0.056
Potatoes 2.0 0.070 1.0 0.035

Biological cycle

340 measurements were carried out on organic samples (mainly vegetables) originating from different sites. The re-
sults 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 tritiated water.

Site survey

624 samples (12 per week) 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

234 samples were checked for global a and ß activity, 3H, 90Sr, 226Ra. The results were made available to the Health Physics
Department for further analysis.

8.6.2.2.3. Thermoluminescent measurements
(L. Ghoos*)

• CORAPRO

Environmental dosimeters consist of two LiF and two CaS04: IDy detectors. The latter ones are covered by a filter of lead
with a thickness of 0.3 mm.

Dosimeters around the power stations at Doel give a yearly dose ranging between 0.58 mGy (58 mrad) and 0.39 mGy (39
mrad).

Around the power station at Tihange these values are 0.70 mGy (70 mrad) and 0.52 mGy (52 mrad).

Values measured over the whole Belgian territory range between 0.90 mGy (90 mrad) and 0.36 mGy (36 mrad).

At S.C.K./C.E.N., environmental dosimeters are used :
- to control the possible increase of radiation due to S.C.K./C.E.N. activities;
- to monitor the external radiation due to sediments, contaminated by liquid effluents released by the Waste disposal

plant of S.C.K./C.E.N.;
- to measure the influence of the Waste storage plant.

A statistical analysis of all the results obtained during the last four years has begun.

8.6.2.3. Other radiation measurements

8.6.2.3.1. Criticality dosimeters
(C. Van Bosstraeten*, L. Ghoos*)

• CORAPRO

These dosimeters originally contained fission track detectors and thermoluminescent detectors in one holder. Due,
however, to the presence of Np and Th, the background readings of the thermoluminescent detectors were too high.

At present, thermoluminescent and fission-track dosimeters are mounted on the same plastic plate, but in different holders.
The dosimeters are worn on a belt: a pair of holders in front and one on the back, the holders containing only
thermoluminescent material on the left and on the right side of the body.

8.6.2.3.2. Reactor dosimetry
(L. Ghoos*)

• CORAPRO

In co-operation with the Reactor Physics Department, thermoluminescent detectors were tested in the framework of the
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R AC IN E programme in the Masurca Reactor at Cadarache. LiF-microrods, enriched in 7Li, were used together with AU03

pellets and CaS04: Dy powder.

In order to facilitate comparison with the results obtained by the Cadarache and Winfrith experimenters, an
intercalibration was carried out between the ionization chambers used at the three laboratories. The results are being
analysed by the different laboratories involved.

8.6.2.3.3. Radiochemical measurements
(C. Hurtgen, G. Koch, J. Baton, J. Luysterborg, F. Verhoeven, 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 and ß activity.

Four samples daily were checked for tritium activity.

Monthly samples were checked before treatment for Pu, U, Am, 90Sr and 3H activity.

Sewers

A total of 1,059 global a and |i activity measurements and 410 3H and 180 90Sr measurements were carried out for routine
control of the sewers of S.C.K./C.E.N.

Special measurements of 222Rn

Drums containing 226Ra waste from Metallurgie Hoboken-Overpelt were checked for possible 222Rn leaks. Special
collectors and detectors for222Rn were made operational. A total number of 561 drums were measured.

Special 3H measurements

Measurements of samples from the GSB helium loop were carried out.

8.6.3. OTHER ACTIVITIES

8.6.3.1. Radionuclide metrology
(C. Ballaux*)

• CORAPRO

8.6.3.1.1. Calibrated radioactive sources

Calibrated sources with appropriate physical caracteristics were supplied to various services of S.C.K./C.E.N. and
external firms, in particular:

- S.C.K./C.E.N.: BR2 137Cs
Health physics 293Pu -241Am (control measurements)
Nuclear metrology 32p-4»K-M)Co-('3Ni-S5Sr-"()Ag -l33Ba (3) -241Am (3)
Radiobiology 90Sr -241Am
Waste 152Eu (2)

- FBFC 235U (5) (control measurements)
- Metallurgie Hoboken-Overpelt <><>Co-137Cs-133Ba-226Ra (3)

(comparative measurements)
- Nuclear Power Station, Doel '52Eu-5f'Co + 133Ba + 137Cs + '«Eu
- Universite Libre de Bruxelles 2ll)Po -24lAm

8.6.3.1.2. Intercomparisons

133Ba

A first comparison of activity measurements of a solution ofl33Ba was organized by the Bureau International des Poids
et Mesures(BlPM).

The solution distributed appeared to be chemically unstable due to adsorption on the ampoule walls and/or precipitation
ofBa2+ ions. This gave rise to a quite large spread in the results of the 6 participants: 1105 to 1135 Bq.mg-' at the reference
date. Applying 4 TT/integral counting, we obtained for the two different ampoules received by theCBNM, 1101 and 1119
Bq.mg-1 with an uncertainty of 10 Bq.mg"1. In view of the second intercomparison, the well detector has been recalibrated
with '«I and 13l)Ce.
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High-efficiency y-ray-detector systems for radionuclide metrology (1CRM Action 80/10)

Our laboratory organized an intercomparison of the computer codes involved in 4 —/ integral counting.

For a given set of efficiencies for photons and ß-particles (in function of the energy) and decay data of 134Cs, the total
efficiency and uncertainty were calculated for this nuclide as the sum of all decay path efficiencies.

While the agreement is excellent between the results of IRK (Institut für Radiumforschung und Kernphysik der
Österreichischen Akademie der Wissenschaften, Wien, Austria), PTB (Physikalisch -Technische Bundesanstalt, Braunsch-
weig, FRG) and S.C.K./C.E.N. (96.30 ± 0.42, 96.32 ± O.40 and 96.33 ± 0.42%, respectively) the result of LMRI
(Laboratoire de Metrologie des Rayonnements Ionisants, Saclay, France) is too high (96.51 ± 0.046%) due to the
interpolation technique used (efficiency vs. log energy).

The final report concerning this action has been submitted for publication.

Other comparisons

At th° request of BIPM, we measured 137Cs and 85Sr sources by the 4 —; method. These sources were prepared from the
solution of 137Cs, distributed in the framework of the minicomparison (December 1978) and from a solution of 85Sr,
standardized at PTB, respectively.

For 137Cs, our result is 0.45 % higher than the mean value of the minicom parison and for 85Sr 0.43 % lower than the activity,
certified by the PTB. The uncertainties are, however, roughly equal to these differences.

8.6.3.1.3. Miscellaneous

Source preparation

"Weightless"241 Am sources have been prepared on S.S. backings by the non-quantitative adsorption method, developed
at the AAEC (Australian Atomic Energy Commission, Sutherland, Australia).

A resolution of only 13.6 keV has been obtained for the 5485.6 keV y.-peak. Furthermore, these sources were measured
in our 2 -a and 4-(PC)-y systems. The differences between both results were smaller than 0.1 %, if absorption and
scattering corrections were applied to the 2 -a count rates corresponding to a source thickness of 2 tzg.cnv2.
137Cs

In view of the large-scale international comparison of a solution of 137Cs (April 1982), the computer programme COINC
has been extended to include the 4 -(PC)-y efficiency tracing method.

A preliminary experiment was carried out. Solutions of l34Cs and l37Cs were standardized by means of the 4 rr; method
and 137Cs by means of the efficiency-tracer technique, using l34Cs as tracer.

Both results for l37Cs agree to 0.59 % i.e. 1.3 times the uncertainty of the coincidence measurements.

8.6.4. INSTRUMENTATION

8.6.4.1. Nuclear spectromctry

Software
(J.P. Culot*)
• CORAPRO

As far as development of application software for the COSYNUS (Fig. 8.6.4.1.) (Computer System for Nuclear
Spectrometry) net is concerned, much effort has been devoted to the following items.

- (i) Improvement of the accuracy and of the presentation of the results obtained when the Nal(Tl) spectra are analysed
by the least-squares method. In order to cope with difficulties arising from the lack of standard spectra for isotopes
which are not regularly investigated, a new programme has been written and implemented for the computer in use in
the Medical Building. This programme can analyse groups of peaks composed of a maximum of 3 Gaussians on a
base-line which is fitted by a polynomial of second order. As this includes many floating point mathematical operations,
a hardware library of mathematical subroutines is used.

- (ii) Investigation of the usefulness of new subroutines for spectrum smoothing, calculation of first and second
derivatives of the spectrum, estimating detection limits.

It was necessary to replace the photomultipliers of the two Qs (Nal(Tl)) crystal (Well), which are used for the measurement
of most of the biological samples. To check the new equipment, the detection efficiency and photofraction of such a crystal
have been calculated. A Montecarlo programme has been written and tested for a cylindrical, as well as for a well type
Nal(Tl) crystal. Application to Ge(Li) detectors will be investigated, later on.
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Electronics and hardware
(L. Geerings)

In order to increase the low gamma level environment measurements, a Northern Scientific 1000 channel analyser has been
connected with a mixer-router and adapted to the multiplexer of the COS YNUS system. In this way, 4 low-/ samples can
be measured simultaneously.

A new type of preamplifier was developed to replace the 6 old preamplifiers of the 4 Nal well-type and the 2 Nal
cylindrical-type detectors. It has a higher output impedance and better dynamic and linear characteristics, and the plug-in
type of construction facilitates servicing.

A mixer-router type NS 459 has been adapted to the DID AC 4000 channels analyser, to measure y samples simultaneously
on 2 Ge(Li) detectors.

A system programme generator has been developed for the COS YNUS system. This S.P.G. unit, based on a 6502
microprocessor, contains parallel I/O, 1 K RAM, 8 K. Eprom (extendable to 16 K byte) and can provide 16 programmes
(or diagnostics) for the mini-computer. One of the programmes installed is a bootstrap to facilitate the start-up of the
computer system after a break-down.

A mini-digital cassette recorder with a data transfer rate of 6000 bits per second has been interfaced with the
microprocessor (based on a MOS. Kl MI board). The software for the cassette operating system was written and a one-pass
assembler with mathematical subroutines installed.

This processor is developed mainly for servicing and testing peripherals and for developing various interfaces.

A large amount of routine servicing and repair work on electronic modules, analysers and •/ detectors has been carried
out.

Radionuclide metrology programme
(C. Ballaux*, P. Willeborts)

* CORAPRO

The electronic instrumentation underwent only minor changes. In the coincidence chain, a new DDL amplifier has been
installed in the -/-channel and the preamplifier of the proportional counter has been connected to the main amplifier by
means of a faradized cable, in order to reduce the background and eliminate electromagnetic noise.

A C/I 5411 digital cassette recorder has been coupled to the Series 40 MCA.

8.6.4.2. Low-level measurements
(F. Verhoeven)

A new 8-channel counting system for alpha measurements (ZnS detectors for thin solid sources, for gaseous Rn sources,
etc.) was built and tested. It is now operational and the last dekatron sealers were consequently disc rded.

8.6.4.3. Health physics instrumentation
(M. Lamproye, M. Loos)

- Normal routine work has been carried out, including the maintenance and calibration of instruments for radiation
control and meteorological measurements. Some maintenance works were done also for other departments, universities
and private industry.

- A radiation and dust-monitoring system was installed at the FLK. building in the Waste department. Four gamma
monitors type 2G (1 -104 mR/h), one dust monitor, type 12T2 modified for the detection of a-and ß-particles and heated
to prevent water condensation on the filter, and one dust sampling device were tested, calibrated and installed.

- A new dust monitor was constructed for the stations "Site Control". This monitor is being incorporated in the
"CAMAC" date acquisition and handling system.

- The new radiation measuring instruments for the LHM A were tested and calibrated. The necessary calibration devices
were constructed. The system is composed of 17 ionization chambers and 9 dust monitors with their associated
electronics.

- An amplifier (10"12 A to 109 A) with digital read-out, was developed for an ionization chamber (0.6 cm1) on behalf of
the Reactor Physics department.

8-24



8.7. TECHNICAL DIVISION

8.7.1. TECHNICAL SERVICES
(J. Van der Auwera)

8.7.1.1. Mechanical services
(E. Collignon, J. Colsoul*, P. De Meyer, A. Francart, K. Mertens, P. Verjans).

* Deceased

During 198t, this service treated 1,977 work orders, divided as follows:

- design and drawing office 37
- manufacture by outside firms 65
- main workshop 817
- assembly and maintenance 430
- specialized workshop 62S

The main jobs were:

- for the Chemistry department: the installation of an electrolyser, the construction and assembling of glove-boxes and
the adaptation of different laboratories, the assembling of equipment for the tritium pilot installation to be built in BR1;

- for the Metallurgy department: the study and construction of a vertical melting system, the manufacturing and
installation of a cooling circuit for the bending test machine, the installation of a high-pressure and high-temperature
device for corrosion tests on materials and the manufacturing of vibration tubes for the milling of metal powders;

- for the Waste department: the construction and assembling of various pieces of equipment for the FLIC incinerator;
at the end of 1981, the installation was in the testing phase for the treatment of ß-v-radioactive waste; two tunnels for
tightness control of radioactive waste vessels; an off-gas venturi scrubber in titanium for the EVENCE-COPPEE
incinerator and the connection of the new liquid effluents treatment plant with the existing waste piping system;

- for BR1 : the construction of components for the BATHYSCAN-GAMMAMETRY installation, a sand blast
installation for surface treatment of panels for the solar energy project and a third spectromobile for neutron physics
measurements;

- for BR2 : the manufacturing of different parts for the exploitation of the reactor, components of a circuit for natural
gas, a storage container for irradiated KNK II fuel pins, radiation baskets and the installation of hydraulic
measurement circuits;

- for BR3 : the modification of a platform for the BATHYSCAN-GAMMAMETRY insrallation and technical support
for the design of special devices for testing nuclear material irradiatied in the Tihange II reactor;

- for LMA : the construction of different transport containers for nuclear fuel pins;
- for LH M A (LMA extension): the study and design of various equipment for the exploitation of the H ERM ES chemical

cells and the assembling of the stainless steel box C4 has started, the weldings are controlled by an official Belgian
control office, according to the ASME code;

- for Belgonucleaire : the modification of the dryer and evaporator unit of the Mk 11 Belgonucleaire waste treatment pilot
installation;

- for Radiation Control: the assembling of a test installation for filters and different works for the dosimetry service.

8.7.1.2. Electrical service
(H. Beckx)

In 1981, the service received 223 work orders and carried out the normal interventions and repairs of electrical and
telephone installations.

The most important jobs were:

- the electric installation of the guard-rooms for the protection of the BR2 and the plutonium laboratories;
- the electric installation in the stable of the Radiobiology department and the building for the testing of solar panels.

8.7.1.3. Civil engineering and maintenance
(J. Schoofs)

In 1980, the service treated 746 work orders and carried out the normal interventions for maintenance and small repair.

The most important jobs were:

- the study of the extension of the Bio-Animals 2 laboratory;
- the study and supervision of the construction of a garage for the vehicles of the energy measuring team and the energy

auditing group, the civil works of the building for testing of solar panels;
- the preparation for the implantation of two sheds for the storage of radioactive waste.

The following important maintenance work has been carried out:

- repair of the expansion joints of the bridge over the Schelde-Maas canal;
- renewal of rooms in the Club-House;
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- repair and renewal of different roofs among which the installations of the cooling towers of the reactor BR2;
- repair and painting of the wooden windows of different buildings of the Residential area.

8.7.1.4. Ventilation and central heating
(E. Neeskens)

In 1981, the service received 72 work orders.

The main jobs were:

- study for the extension of the district heating system by the connection of four appartment buildings and the school
building of Site 1;

- study of the heating system and temperature regulation in greenhouses;
- study of a cooling circuit for the LM A laboratory;
- an adequate ventilation system for the household refuse treatment planl at Nossegem (Intercommunale HAVI LAN D);
- installation of the heating and ventilation system of the guard-rooms for the protection of the BR2 and the plutonium

laboratories, the main guard-room extension and new laboratories of the medical building;
- installation of an air conditioning system in the Physics Building and in BR2;
- adaptation of the Pu ventilation circuits to increase the fire security;
- equipment of a filter test circuit installed at BR1;
- various works for maintenance and measures for energy conservation such as the installation of thermostatic valves,

replacement of the ventilation circuit of the metallurgical cells of LMA, the installation of the heat recovery circuit
for the Waste department.

8.7.1.5. Energy measurements
(H. Van Den Bergh)

The energy measurement team has carried out energy surveys with a sectorial approach in painting works and foundries.

Supporting measurements and studies were done according to the National R & D programme on Energy, such as energy
measurements in two dairies, where the implantation of heat pumps is planned, and in a meat factory, also for a heat pump
study.

As an aid to the provisional phase of the energy-bus audits campaign, the team has performed measurements in twelve
industrial companies.

In the field of instrumentation, much attention has been paid to flow measurements. A programme has been set up for
gas measrrements and the effort on on-line steam (low measurements is being continued.

The most important items for energy conservation were air compressors, refrigeration and boilers.

8.7.1.6. Printing office
(H. Fredrix)

During 1981, this service treated 2,715 work orders, mostly reprographic jobs.

Other work orders called upon the various specialities which are grouped in this service:

- translation
- photosetting and composing
- photography
- lay-out
- offset printing
- book glueing.

The main complex jobs were:

- quadrichromic leaflets and booklets;
- annual and periodical reports;
- CONSENSUS, the quarterly bulletin on energy.

8.7.2. ELECTRONICS AND INSTRUMENTATION
(L. Binard, E. Musyck)

8.7.2.1. Studies
(L. Binard, E. Musyck, G. Cocquyt, J. Lauwers, R. Colson, R. De Clerck, J. Roge, F. Geyzen).

- Software and hardware support has been given for the installation of a CBM-computer based data logging system at
the Terhagen test-site and to Elenco, where application programmes have been written for their DEC-MINC computer.

- A number of CBM microcomputers have been installed in several S.C.K./C.E.N.-departments; they are equipped with
new updated software and the VIC-card as input/output extension.

8-26



- A new small oven was developed for the calcination of elements present in tluids. Four enclosures, each containing
3 ovens have been tested and delivered for the low-level activity measurement.

- The study and the construction of a new, improved fluorimeter model EL16T3.2 has been completed.

- A detailed study has been concluded covering the mathematical model and steady-state computations of a heat
exchanger, coupling energy demanding systems to a warm water distribution grid. Several control strategies have been
considered, optimising this multi-variable and non-linear proces. The influence of insulation, the use of solar energy,
heat transfer characteristics of greenhouse space heating and heat exchangers have been analysed in detail.

8.7.2.2. Quality control
(S. Vandevijvere, D. Van Beckhoven)

Reliability tests were made on 32 instruments or prototypes built by S.C.K./C.E.N.; commissioning of 54 industrial pieces
of equipment delivered by external companies was carried out.

Characteristics of several components were checked under different temperature and supply conditions.

The electronic components market was closely followed and the electronics store catalogue has been updated.

An 1EEE-48 Interface EL17R4 for the Weiss climatic chamber was built for use with the MINC Data logger.

Hardware and software support was given to Elenco and to the heat transfer experiment at Terhaegen.

8.7.2.3. General instrumentation
(H. Van Trappen, G. De Wilde)

113 tasks were carried out. The most important developments are the following:

- a new EL18R6 "Selective Surface Measuring Unit", an apparatus for the measurement of temperature and light
intensities in a simulator for solar energies;

- a new EL18D3 "Electric analogic", which can deliver 16 controlled voltages for ground exploration;
- an Electrolytic Purifier type EL16B7 for the electrolytic purification of solutions for polarographic measurements; it

is used by the medical service for the determination of different heavy metals in quantities in a solution;
- At the request of ABOS/AGCD, technical assistance was given to the CREN-K. of Zaire.

8.7.2.4. Construction
(A. Lambert)

85 instruments were constructed for various departments, industrial companies and public organizations.

8.7.2.5. Repair works
(H. Van Trappen)

134 repairs were carried out on pieces of apparatus of various kinds and origins. Many users have a permanent repair
request for several apparatus.
Also the maintenance of electromechanical peripheries was ensured.

- In collaboration with the Technical Services, work was done on the installation and the security of the guard rooms
and the fences around BR2 and the plutonium laboratories.

- The installation of the new computerized system for the registration of working time and entrance control of the
personnel is finished.

8.7.2.6. Relations with industry and with public and private institutes
(L. Binard, E. Musyck, J. Lauwers, R. Colson)

- A prototype intramedullary nail locator was developed. It permits the adoption, under favourable conditions, of a new
method of treatment for bone fractures and pseudarthrosis. It has been tested with success during surgery.

Three nail-position detectors for shin-bone and thigh-bone were realised in prototype version, together with the
associated electronics.

- At the request of the CEC in Luxemburg, four electronic seals with direct read-out type EL16B6 were developed and
delivered. They have an independant life of 10 years.

- The "Industrial Microprocessor Application group" finished the hardware and software design of an intelligent special
purpose computer terminal in the framework of a contract between S.C.K./C.E.N. and a Belgian company.

- In view of thecommerial succesof the VIC-1 extension board for CBM microcomputers ( 50 sold), a series of 100 has
been fabricated after some minor hardware/software modifications (VIC-2).

- Two sample changers with associated control electronics have been delivered to Belgian companies, the first with a
proportional gas counter, the second with a ZnS/PM detector.
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8.8. TECHNOLOGICAL SUPPORT

8.8.1. HJGH-TEMPERATURE BRAZING
(J. Parent)

- An electronic Wattmeter, convenient for the 10 kHz frequency used, is added to the high-temperature brazing
installation and gives a better information to regulate the heating process.

- A general survey concerning numerous brazing tests with capillary sockets, allowed to consider the best brazing
conditions with very small risk of thin sheath erosion, provided such capillary sockets are acceptable in the design.

- A new series of parametric tests has started to give a better knowledge of both long duration and high-temperature
usable brazing conditions, as far as thin sheats of either stainless steel or Inconel are concerned.

- Among the peculiar problems which are being examined, the following are to be noticed :

• some tests for a specific silver brazing of a stainless steel piece on a copper cross have led to appropriate operating
conditions when the electrical resistivities of materials are very different;

• tests of de-brazing have also been made; this abnormal operation could perhaps succeed with a fast heating and
not too thin walls, able to resist when applying the separation force;

• a study is also made to determine the best features of the susceptor which is used in some special cases.

8.8.2. H4 WATER LOOP
(J. Parent)

As previously, the H4 water loop continues to be used for several programmes: -gauging of some apparatus (flowmeters
for instance) to be used in various experiments or rigs;
- critical heat flux measurements in stagnant water annuli for several conditions of pressure, temperature and flow;
- development of early detection techniques by analysis of peculiarsignals (vibration, fluctuation of flow or temperature).

8.8.3. FAST FOURIER ANALYSER SYSTEM
(J. Parent)

More and more, the Fourier Analyser system with its peripherical equipment, appears not only to be a useful and powerful
tool but even to be an indispensable system capable of solving many different problems:

- shock resistance tests on fuel assembly grids;
- vibration tests on components of a complex assembly as well as on the assembly itself;
- examination of critical heat flux measurements;
- early detection of boiling in a water loop;
- heat transfer study in a sodium circuit;
- analysis of noise thermometer signals;
- correlation measurements between weak signals (determination of transfer velocity or flow).

The special device for modal analysis is a very practical complement, giving a lot of numerical data on the vibratory system
tested.

8.8.4. LASER WELDING
(M. Decreton, J. Leunen)

Laser welding techniques have been developed in two directions. First, the applicability of this technique for miniaturized
assemblies has been further studied. In particular, leak-free transitions on small mineral insulated cables were made with
very satisfactory results. Second, the welding of refractory metals, such as niobium and molybdenum, has been developed
with the use of inert cover gas.

8.8.5. REAL TIME DATA ACQUISITION AND PROCESSING SYSTEM
(M. Decreton)

The real time data acquisition systems, installed at the Technology and Energy Department, have been developed to an
effective network, with the possibility of a great variety of simultaneous operations. A master processor is linked to a
satellite computer in the BR2 building. Remote operation from one to the other can be achieved. This allows a more
effective use of the peripheral devices.

The system has been used for the monitoring of a certain number of in-pile experiments in the BR2 reactor and out-of-pile
tests.

Besides the main system, a specialized unit, dedicated to one particular experiment, has been also put into operation. It
consists of a high speed data acquisition and processing system, which has been used for the recording of fast transients
on an in-pile sodium loop (MOL 7C).
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FIR. S.8.1. High temperature brazing unit.

A detailed survey has been made for a system with a still higher data transfer rate, up to 50 000 measurement per second
for the PAHR experiment. This system will be assembled during the next year and linked to the network.

Three small data acquisition units are also in operation :

- a data logger for the Li2 lithium loop;
- a data logger for the VIC in pile experiment;
- a Fourier Analyser system.

Developments are currently under way to establish links between all these separate units, as well as a transmission between
the network and the central IBM computer. By introducing a high level of redundancy, such a system would allow the
use of hardware devices to be optimized and to increase the overall reliability of the network.
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Joints Intergranulaires et Interphases Solides, LYON (France), 13-15.5.1982
|204b| "Joints en coincidence dans lcs structures hexagonalcs"

G. BLERIS, P. DELAVIGNETTE, S. HAGEGE, Th. KARAKOSTAS, G. NOUET

|204c| "lnterfr.ee dans les materiaux ceramiques"
S. HAGEGE, G. NOUET, P. DELAVIGNETTE, J. VICENS

Association C.E.N./S.C.K.-IRE-ULB, FLEURUS, (Belgium) 14.5.1981
|205a| "Mesure des coi'ncidences y-y de la reaction Ilt7Os (n,y) IS!iOs"

P. FETTWEIS, J.C. DEHAES, J. DEVOOGHT

International Course in Environmental Science and Technology, Th. Delft, (The Netherlands) 15-16.5.1981
|205b| "Monitoring and modelling in air quality management"

J.G. KRETZSCHMAR

Surveillance radiologique de I'environnement, SACLAY(France), 18.5-19.6.198I
12061 Cours Interregional sur la Prevention des Risqucs de ('Utilisation des Rayonnements et des Installations Nucleaires Saclay (INSTN)

R. KIRCHMANN

Journee d'etude de la Societe Royale Beige des Ingenieurs et des Industrieis, BRUXELLES, 19.5.1981
12071 "Les explosions nucleaircs et la radioprotection"

G. FIEUW
12



Reunion de travail sur le choix des sites des depots de dechets radioactifs dans des formation geologiques (OCDE/ AEN),
PARIS (France), 19-22.5.1981
|208| "Utilisation des diagraphics dans la determination des caractcristiqucs lithologiqucs dans Pargile de Boom et leur intcret pour les

correlations dans Pargile"
B. NEERDAEL, N. VANDENBERGHE, A. BONNE, E. F1ERENS. P. LAGA, P. MANFROY

20th Plenary Meeting of the Working Group "Hot cells and remote Handling", KARLSRUHE (F.R. Germany),
20-21.5.1981

|209] "Decontamination and refurbishment of a hot cell to be used for the pressure vessel steel surveillance programme"
A.C. DEM1LDT, A. DANIELS, J. VAN DE VELDE, R. VAN RANSBEECK

|210] "Development of a hot cell shielded stcreomacroscope"
A.C. DEM1LDT, G.J. FOLENS

|2111 "A shielded SEM for radioactive materials"
A.C. DEM1LDT, J. KETELS

Symposium : Fysische verspreiding en depositie van atmosferische aerosol, EINDHOVEN (The Netherlands), 21.5.1981
|212| "Depositie rondom een non-ferrobedrijf"

B. VANDERBORGHT, I. MERTENS, J. KRETZSCHMAR

Exercise I -Round Robin Analysis, BRUSSELS, 22.5.1981
1213] "Preparation and Certification of Reference Gas Mixtures"

HJ. PEPERSTRAETE

Kontraktvergadering: CEC harmonization of methods for measurements of NOX, ATHENS (Greece), 25-27.5.1981
|214| "Intercalibration of NOX measuring equipment"

H. PEPERSTRAETE, A.J. APL1NG

Colloque de la Societe Franchise de Microscopie Electronique, BESANCON (France), 25-27.5.1981
12151 "Analyse de joints de grains en orientation speciale dans Phcxagonal"

Th. KARAKOSTAS, P. DELAV1GNETTE

|2161 "Nature du plan des joints dc grains en coincidence"
G. NOUET, S. HAGEGE, J. V1CENS, P. DELAVIGNETTE

|217| "Nature dc la coincidence dans Ic vanadium, le silicium ct le carbure dc tungstcne; comparaison entre valeurs experimentales et
valeurs tabulees"
J. V1CENS, S. HAGEGE, G. NOUET, P. DELAVIGNETTE

International Energy Agency, Workshop on the Production of Hydrogen by Electrolysis, LONDON (U.K.) 27-29.5.1981
|218| "Recent progress in the Belgian electrolytic hydrogen production programme".

H. VANDENBORRE

ISO/TC 146/SC3 Meeting, ARNHEM (The Netherlands), 1-3.6.1981
12191 "Determination of the nitrogen oxides content of flue gases sodium salicylatc photometric method"

H. PEPERSTRAETE

2nd Symposium : "International structural comparison of research centres, finance management in research and
development", HAMBURG (F.R. Germany), 1-3.6.1981
|220| "Planning of R&D work at S.C.K./C.E.N., Mol"

J. PROOST, R. BILLIAU, P. DEJONGHE, R. DE CORT

International Seminar on the Chemistry and Process Engineering for High-level radioactive Waste Solidification,
JÜLICH (F.R. Germany), 1-5.6.1981
1221] "Influence of the reprocessing How sheet on the HLW solidification of technology"

L. BAETSLE

|222| "Corrosion of materials in a clay environment"
F. CASTEELS, H. TAS, M. BRABERS, R. HEREMANS

|223l "Interaction of vitrified HLW with clay environment"
P. VAN ISEGHEM, W. TIMMERMANS, R. DE BATIST

Meeting of the European two phase now group, EINDHOVEN (The Netherlands), 2-4.6.1981
1224| "Boiling crisis in restricted geometries"

M. DECRETON, W. HEBEL

Second Conference on "Characterization and quality control of nuclear fuels", KARLSRUHE (F.R. Germany),
2-5.6.1981
1225J "Determination of the Pu/U + Pu ratio in FBR fuel pellets by X-ray fluorescence analysis"

P. DIELS, R. LECOCQ

Journees d'Electrochimie 1981, BRUXELLES, 2-5.6.1981
|226| "Piles ä combustible pour vchicules electriques"

A. BLANCHART, H. VANDENBROECK.

|227| "The Belgian electrolytic hydrogen production programme"
H. VANDENBORRE
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|228| "Active electrodes to be used in advanced alkaline water electrolysis"
H. VANDENBORRE, R. LEYSEN

Annual Meeting of the Scandinavian Society for Electron Microscopy, STOCKHOLM (Sweden), 3-5.6.1981
|229| "The study of ordered alloys by means of high resolution electron microscopy and electron diffraction" (invited lecture)

S. AMEL1NCKX

Algemene Wetenschappelijke vergadering van de Belgische Natuurkundige Vereniging; Reunion Scientifique generate de
la Societe Beige de Physique, LEUVEN, 4-5.6.1981
1230] "Vergelijkende studie van de spontane fissic van 242Pu en de door thermische neutronen gc,,nduceerde fissie van 24|Pu"

E. ALLAERT, C. WAGEMANS, G. WEGENER-PENN1NG, A.J. DERUYTTER

|231| "Analysis of the relation between CCM and deformed shell model states using the Sp (2, IR) group"
F. AR1CKX, J. BROECKHOVE, E. DEUMENS

12321 "The Sp (2, IR) nuclear model of >2C"
J. BROECKHOVE, E. DEUMENS, F. ARICKX, P. VAN LEUVEN

12331 "Niveaux excites du ""Pd"
P. del MARMOL, P. FETTWEIS, M. DEGREEF, P. DUHAMEL, J. VANHORENBEECK

1234] "Magnetic field profiles in type-II superconducting vanadium"
F. DE SCHUTTER, W. SEVENHANS, Y. BRUYNSERAEDE, J. CORNELIS, A. VAN DEN BOSCH

1235] "Elastic a-x scattering with internal deformation"
E. DEUMENS, P. VAN LEUVEN, F. AR1CK.X, J. BROECKHOVE

1236| "Kritische strömen in Nb,Sn-multifilament-supergcleiders bereid volgens de brons-methode"
L. DE WILDE, A. VAN DEN BOSCH, J. CORNELIS, F. BIERMANS

(2371 "Internal friction peaks in zirconium"
L.T. MIYADA-NABORIKAWA, R. DE BATIST, L. EERSELS

|238] "Effets de polarisation dans la photodisssociation de quelques halomethanes, induite par laser CO, pulse"
M. NEVE de MEVERGNIES

|2391 "Elektrische eigenschanpen van gesubstituecrde polyfenylacetylenen"
M. ROTTI, P. NAGELS, L. VAN GOOL

|240) "Bestralingssimulatie experimentcn in een hoogspanningselcktronsnmikroskoop op ccn mangaan-chroom roestvast staal"
M. SNYKERS, J. CORNELIS

[241| "Molecular motions in KNH2: neutron inelastic scattering"
L. TIELEMANS, E. LEGRAND, S. HAUTECLER, W. WEGENER, L. VAN GERVEN

12421 "TEM investigation of the crystallization behaviour of nuclear waste glasses"
P. VAN 1SEGHEM, P. DELAV1GNETTE, Lo HSIEN WEI, W. TIMMERMANS, R. DE BATIST

Universite de Namur -Faculte Notre Dame de Paris, NAMUR, 9.6.1981
|243a] "FusioFi reactor first wall materials problems"

M. SNYKERS

Cost 61 A bis Meeting, PARIS (France), 9-10.6.1981
[243b] "Comparison between measured and calculated Sb-concentration and deposition over a period of 14 months"

J.G. KRETZSCHMAR

Deutschen Neurobiologien-Tagung, GOTTINGEN, (F.R. Germany), 12-14.6.1981
|244| "Verhaltensbiologische und Hirnmorphologische Untersuchungen an Ratten nach Kombinierter Blei-Kohleno\id-Exposition"

H. L1LENTHAL, H. REYNERS, M. CSICSACKI, G. WINNEKE

DOE-CEA/DeBeNe Meeting on local faults, WASHINGTON D.C. (USA), 15-16.6.1981
|245| "In-piie blockage experiments MOL 7C"

W. KRAMER, K. SCHLEISIEK, G. VANMASSENHOVE

International Joint Conference on Thermophysical Properties, GATHERSBURG (USA), 15-9.6.1981
1246| "Research on thermophysical properties of solids in Belgium"

R. DECONINCK

Second EMBO Workshop on Halophilic Microorganisms, NAPLES (Italy), 21-27.6.1981
12471 "Uptake and distribution of 3H and other radionuclides in the marine algae Acetabularia, Boergcsenia and Dunaliella"

S. BONOTTO, F. CINELLI, S. STRACK, J. COLARD, R. KIRCHMANN

Reunion conjointe du Groupe Franpais "Microsonde et Microscope Electronique ä Balayage" et du Groupe Allemand
de "Microanalyse et de Microscopie Electronique ä Balayage", KARLSRUHE (F.R. Germany), 23-24.6.1981
1248] "The application of X-ray analysis in the determination of different phases in intcrmctallic compounds"

P. DELAVIGNETTE

Reunion de la Societe Beige de Biologie, BRUXELLES, 27.6.1981
|249] "Cinetique cellulairc et radiosensibilite des lymphocytes dc chevre stimules par la phytohemagglutininc"

B. DEBUYST, M. ROSENTHAL, A. LEONARD

1250] "Quelques aspects de la production virale megakaryocytaire en rapport avec la leucemiclymphoide chez le rat"
L. de SAINT-GEORGES, L. BAUGNET-MAHIEU, M. JANOWSKI, U. VAN GORP, L. REGNIERS, J.R. MA1SIN
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|251| "Protection chimique contre les effets, à long terme survenant chez, les souris irradiées par des doses surpraletalcs de rayons X"
J.R. MAISIN

|252| "Cinétique cellulaire et radiosensibilitc des lymphocytes de >achc en culture"
C. MODAVE, L. FABRY, A. LEONARD

[253] "Cinétique cellulaire et radiosensibilitc des lymphocytes de ccrcopithccus acthiops sabaceus stimulés par la phytohemagglutininc"
C. RAYMAKERS, Gh. DEKNUDT, A. LEONARD

15th International Congress of Radiology, BRUSSELS, 30.6.1981
12541 "Late effects of radiation on the central nervous system"

H. REYNERS, J.R. MAISIN

|255| "Morphological and physiological evaluation of late radioinduced changes in brain microcirculation of the rat"
A. KEYEUX, H.S. REINHOLD, J.W. HOPEVVELL, G.B. GERBER, W. CALVO, H. REYNERS

Neutron Interlab Seminar, OXFORD (U.K.), 1-3.7.1981
|2561 "The fission fragment mass and energy distribution for the fissioning system 242Pu at various excitation energies"

E. ALLAERT, C. WAGEMANS, G. VVEGENER-PENNING, A. DERUYTTER,
R. BARTHELEMY

|257| "Resonance structure of-12S + n from total and differential scattering cross section measurements"
C.R. JUNGMAN, E. CORNELIS, L. MEWISSEN, F. POORTMANS, H. VVEIGMANN

|258| "40K (n,a) and (n,p) resonances and the spin dispersion of the level density"
H. WEIGMANN, C. WAGEMANS

Ninth Int. Conference on Amorphous and Liquid Semiconductors, GRENOBLE (France), 2-8.7.1981
|259| "Doping of chalcogenide glasses in the Ge-Sc and Ge-Te systems"

P. NAGELS, M. ROTTI, S. VIKHROV

International Conference on Internal Friction and Ultrasonic Attenuation in Solids (ICIFUAS), LAUSANNE
(Switzerland), 6-9.7.1981
12601 "Internal friction and modulus effects in fcrroelastic lead orthovanadate"

R. DE BATIST, L. EERSELS

|261| "Internal friction in zirconium"
L.T. MIYADA-NABORIKAWA, R. DE BATIST, L. EERSELS

Xlth Annual Meeting of the E.E.M.S., BUDAPEST (Hungary), 6-11.7.1981
1262] "In vivo" study of the mutagenicity of heavy metals in mammals"

Gh. DEKNUDT

Westfalische Wilhelms-Universitat, MUNSTER, (F.R. Germany) 21.7.1981
12631 "The Effect of Deformation in Elastic a-x Scattering"

E. DEUMENS

International Symposium on Migration in the Terrestrial Environment of Long-lived Radionuclides from the Nuclear
Fuel Cycle, KNOXVILLE (USA), 27-31.7.1981
126-41 Behaviour of long-lived radionuclides released into a small river by a nuclear installation at Mol, Belgium"

M. METAYER-PIRET, G.B. GERBER, L. FOULQUIER, J. COLARD, G. KOCH,
J. KONINGS

|265| "Bioavailability of 24IAm to radpoles (Rana esculcnta) : effects of different freshwater-types and developmental stages of the
animals"
J. VANGENECHTEN, O. VANDERBORGHT, S. VAN PUYMBROECK

International Congress for Virology, STRASBOURG (France), 3-8.8.1981
[266] "The polymerase-gcne of Moloney leukemia virus"

J. MERREGAERT, E.P. REODY, S. DEVARE, S.A. AARONSON

EUR-USA Fusie Workshop, OAK RIDGE (USA) 4-6.8.1981
|267| "Description of BR2"

F. MOONS

|268| "In-pile fatigue experiments in BR2"
F. MOONS

1981 International Conference on Energy Education, PROVIDENCE (Rhode Island, USA), 4-7.8.1981
|2691 "Getting a consensus on energy"

P. VAN ASSCHE

2nd Topical Meeting on Fusion Reactor Materials, SEATLLE (Washington, USA), 9-12.8.1981
1270] "The European programme on fusion materials"

J. NIHOUL

|2711 "The influence of fabrication procedure on the void swelling of an oxide dispersion strengthened fcrritic alloy in a HVEM"
M. SNYKERS, F. BIERMANS, J. CORNELIS

|2721 "The influence of helium on the swelling behaviour by electron irradiation of a Mn-Cr auslenitic stainless steel"
M. SNYKERS, E. RUEDL
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39th Meeting of the Electron Microscopy Society of America (EMSA), ATLANTA (USA), 9-14.8.1981
12731 "The study of ordered alloys by means of electron diffraction and high resolution electron microscopy : application to Aii4_vMn"

G. VAN TENDELOO, S. AMELINCKX

Coo.dinatievergadering van het contract EEG : "Bioavailability transuranics", ISPRA (Italy), 11-13.8.1981
|274| "Bioavailability of 24lAm for several freshwater animals"

0. VANDERBORGHTJ. BIERKENS

Symposium on neutron scattering, A R G O N N E (USA), 12-14.8.1981
|2751 "Reorienlational motions of NH ; groups in potassium amide"

L. TIELEMANS, W. WEGENER, A. D1AN0UX, P. VORDERWISCH, L. VAN GERVEN

Oak Ridge National Laboratory, OAK RIDGE (USA), 13.8.1981
1276a| "The use of high resolution electron microscopy in materials science"

S. AMELINCKX

Unido Training Program on Environmental Control in Chemical and Pharmaceutical Industrie, R.U.GENT, 13.8.1981
|276b| "Air pollution Data-Analysis and Interpretation. Air Pollution Modelling"

J.G. KRETZSCHMAR

6th International Conference on Structural Mechanics in Reactor Technology (SMIRT), PARIS (France), 17-21.8.1981
|2771 "Corrosion of selected materials in dynamic lithium"

F. CASTEELS, N. RUMBAUT, M. SOENEN, H. TAS, M. BRABERS, Ja. DE KEYSER

1st Congress of the International Society for Experimental Hematogoly, MÜNCHEN (F.R. Germany), 23-27.8.1981
|278| "Preleukemic cells and radiation-induced thymona in CS7B1 mice"

J.R. MAISIN, A. LEONARD, G. MATTELIN

European Conference on Analytical Chemistry (EUROANALYSIS-1V), HELSINKI (Finland), 23-28.8.1981
|279| "Construction and first experiences with a home-made automatic microdensitometcr"

L. VANDEVELDE, 1. DELESPAUL, T. RYMEN, F. VEN

12th International Technical Meeting on Air Pollution Modeling and its Application, SAN FRANCISCO (California,
USA), 25-28.8.1981
|2801 "Large scale validation of a Bi-gaussian dispersion model in a multiple source urban and industrial area"

G. COSEMANS, J. KRETZSCHMAR, G. DE BAERE, J. VANDERVEE

[2811 "Influence of the meteorological impact data on the comparison between calculated and measured aerosol ground level
concentrations and depositions"
1. MERTENS, J. KRETZSCHMAR, B. VANDERBORGHT

EULEP Symposium, MÜNCHEN (F.R. Germany), 27.8.1981
[2821 "Chemical protection and late effects after whole body supralethjl X-irradiation in mice"

J.R. MAISIN

NEA-Workshop on Near-field Phenomena in Geologic Repositories for Radioactive Waste, SEATTLE (USA),
31.8-3.9.1981
|283| "Experimentation on and evaluation of near field phenomena -The Belgian approach"

R. HEREMANS, A. BONNE, P. MANFROY

Cours Interregional sur la gestion du cycle du combustible nucleaire, SACLAY (France), 1-30.9.1981
|284| "Impact des installations sur I'environncmcnt. Protection du public et surveillance"

R. KIRCHMANN

16th Paterson Symposium on "Cellular mechanisms of long term injury in tissue after radiation", MANCHESTER (U.K.)
4-5.9.1981
[285] "Ultrastructural changes in lung after exposure to ionising radiation"

J.R. MAISIN

8th International Congress on metallic corrosion, MAINZ (F.R. Germany), 6-11.9.1981
[286| "Corrosion phenomena in clay environments"

M. BRABERS, F. CASTEELS, H. TAS, G. JORDENS

7th International Clay Conference, PAVIA -BOLOGNA (Italy), 6-12.9.1981
|287| "Investigations on the boom clay formation as candidate host rock for final disposal of high level solid waste"

A. BONNE, R. HEREMANS

16th Annual Meeting of the European Society for Radiation Biology, KRAKOW (Poland), 7-10.9.1981
|288| "Radiobiology of Acetabularia and Batophora at the cellular, subccllular and molecular level"

S. BONOTTO, A. LUTTKE, R. KIRCHMANN

[289] "RBE of low doses of various energies neutrons to induce chromosome aberrations in human lymphocytes"
L FABRY

[290] "Influence of dose fractionation on life shortening and causes of death in mice irradiated with 50 MeV neutrons or gamma rays"
J.R. MAISIN, A. WAMBERSIE, M. LAMBIET-COLLIER, G. MATTELIN, J. GUEULETTE
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4th International Symposium on neutron-capture v-ray spectroscopy and related topics, GRENOBLE (France),
7-11.9.1981
|2911 "Some rotational bands in '«EiT

M.K. BALOD1S, P.T. PROKOFJEV. N.D. KRAMER. L.I. SiMONOVA. K. SCHRECKENBACH, W.F. DAVIDSON, J.A.
PINSTON, D.D. WARNER, P. HUNGERFORD, H.H. SCHMIDT, H.J. SCHEERER,T. VON EGIDY, P. VAN ASSCHE,
A.J.M. SPITS

|2921 "The (n,h,a) reaction in the actinidc region"
P. D'HONDT, C. WAGEMANS, E. ALLAERT, A. DE CLERQ, G. BARREAU,
A. EMSALLEM

|293| "The (nlh,a) reaction on deformed nuclei"
A. EMSALLEM, M. ASGHAR, C. VVAGEMANS, P. D'HONDT

[29-4] "Parity assigment of the pronounced structure in the radiative capture of -'"U"
M.S. MOORE, F. CORV1, L. MEWISSEN, L. POORTMANS

12951 "Investigation of the reactions >"Gd(n,y)'"Gd and i«Gd(n,y)154Gd"
A.M.J. SPITS, P.H.M. VAN ASSCHE, H.G. BORNER, W.F. DAVIDSON, D.D. WARNER

12961 "Study of (n,at) and (n,p) reactions with resonance neutrons"
C. WAGEMANS, H. WEIGMANN

Jozef Stefan Institut, LJUBLJANA (Yugoslavia), 10.9.1981
|297| "Generator Coordinate Theory of Molecular Dynamics"

P. VAN LEUVEN

Sixth Symposium on Solid State Devices Technology, TOULOUSE (France), 14-17.9.1981
1298] "Ambient effects on the defect formation in thermally annealed C/ochralski silicon"

C. CLAEYS, G. DECLERCK, R. VAN OVERSTRAETEN, H. BENDER, J. VAN LANDUYT, S. AMELINCKX

24th Meeting of the NEA Reactor Physics Committee, UKAEA, W1NFR1TH (U.K.), 14-18.9.1981
12991 "Reactor Physics Activities in Belgium -Progress report to the NEA Committee on Reactor Physics"

J. DEBRUE

Seminar on Research Reactor Operation and Use, JULICH (F.R. Germany), 14-18.9.1981
1300] "The BR2 materials testing reactor -Past and future"

J.M. BAUGNET, W. BOEYKENS, F. LEONARD

5th European Neuroscience Congress, LIEGE, 14-18.9.1981
[3011 "Differential radiosensitivity of astrocytcs in the cerebral cortex"

H. REYNERS, E. GIANFELICI de REYNERS, J.R. MAISIN

Electric Vehicle development group - Conference on hybrid dual mode and tracked systems, LONDON (U.K.),
15-17.9.1981
|302| "Hydrogen fuel cell powered electric vehicles"

H. VAN DEN BROECK

International Conference on Heavy Metals in the Environment, AMSTERDAM (The Netherlands), 15-18.9.1981
|303a| "Effects of different heavy metals (Cd, Tl, Zn and Pb) in the central nervous system : a morphological assay"

H. REYNERS, E. GIANFELICI de REYNERS, J.R. MAISIN, G. WINNEKE, M. CSICSAKY

|303b| "Experimental investigation of the atmospheric dispersion of Sb containing particulatcs around a non-ferrous plant"
R. DAMS, F. ADAMS, B. VANDERBORGHT

Third International Conference on Environmental Mutagens, TOKYO (Japan), 21-27.9.1981
1304) "Relations between the mutagenicity and carcinogenicity of metals"

A. LEONARD

J. Stefan Institut, LJUBLJANA (Yugoslavia), 22.9.1981
|30S| "The Magnetic Moment or " B "

M. BOUTEN

IV. International Conference on crystal-field and structural effects in F-electron systems, WROCLAW (Poland),
22-25.9.1981
[306] "Crystal field splitting in light rate-earth dicarbides studied by neutron spectroscopy"

W. WEGENER, A. FURRER, W. BOHRER, S. HAUTECLER

4th Radiation Biology Centre -International Symposium on Chromosomal Mutation, KYOTO (Japan), 28-29.9.1981
[307] "Chromosome aberrations as a measure of mutagencsis : cytogenetie extrapolation from animal to man"

A. LEONARD, L. FABRY, Gh. DEKNUDT, M. DECAT

IAEA Constultants meeting on Uranium and Plutonium Resonance Parameters VIENNA (Austria), 28.9-2.10.1981
[308| "Resonance Parameters of »»U below 4.2. KeV"

F. POORTMANS, L. MEWISSEN, G. ROHR, R. SHELLEY, T. VAN DER VEEN, H. WEIGMANN, E.CORNELIS,
G. VAN PR A ET
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SEAS Anniversary Meeting 1981, NICE (France), 28.9-2.10.1931
|309| "Migration from Rel5 to VM/SP"

H. DECKERS

Symposium on "Physico chemical behaviour of atmospheric pollutants", VARESE (Italy), 29.9-1.10.1981
|310| "The real meaning of dry deposition velocities for dispersion calculations"

I. MERTENS, J.G. KRETZSCHMAR, B. VANDERBORGHT

13 III "Gaseous reference materials -Certification -Traceability"
H. PEPERSTRAETE

|312| "On the use of SF6-traccr releases for the determination of fugitive emissions"
B. VANDERBORGHT, J. KRETZSCHMAR, T. RYMEN, F. CANDREVA, R. DAMS

Xlth Annual Meeting or the European Society of Nuclear Methods in Agriculture (ESNA), ABERDEEN (U.K.),
29.9-2.10.1981
13131 "Metabolism of radioactive heavy metals in dairy cows"

R. VAN BRUWAENE, R. KIRCHMANN, G.B. GERBER, J. COLARD

Lectures on molecular genetics, LUNTEREN (The Netherlands), 29.9-2.10.1981
1314] "Gene mobilisation induced by minimu in a non-enteric bacterium : Alcaligenes entrophus CH34"

M. MERGEAY, F. VAN GIJSEGEM, J. GERITS, M. FAELEN

Joint Radiation Protection Meeting on radiological impact of nuclear power plants and other nuclear installations on man
and his environment, LAUSANNE (Switzerland), 30.9-2.10.1981
|315| "Biological availability of the transuranic 24lAm in different types of freshwater for 4 freshwater animals"

J. BIERKENS, J. VANGENECHTEN, S. VAN PUYMBROECK, O. VANDERBORGHT

13161 "The Monitoring of the Atmospheric Discharges at the S.C.K./C.E.N. Mol"
Th. ZEEVAERT

Vortragstagung über elektrochemische Energieumwandlung enschliesslich Speicherung und Thermochemie,
LUDWIGSHAFEN (F.R. Germany), 30.9-2.10.1981
13171 "Brennstoffzellen für Elcktrofahrzeuge"

M. ALFENAAR, G. VAN BOGAERT, H. VAN DEN BROECK, G. VANNESTE

KVIV-Technologisch Instituut, DIEGEM (Belgium), 1.10.1981
1318] "Het wetenschappelijk onderzock ten dienste van de industric - de rol van het S.C.K. te Mol"

G.SPAEPEN

International Conference on Production, fabrication, properties and applications of ferritic steels for high temperature
applications, WARREN (USA), 6-8.10.1981
1319] "Ferritic steels for fast reactor canning materials and turbine blade applications"

J.J. HUET, Ch. LECOMTE

CSNI Meeting on operator training and qualifications, CHARLOTTE (USA), 12-15.10.1981
1320] "Implementation of a basic principle simulator"

J.F. DE GREEF

Meeting of ISO/TC 146 (American Society for Testing and Materials), PHILADELPHIA (USA), 12-16.10.1981
1321] "The determination of nitrogen oxides in ambient air by chcmiluminesccnce"

H.J. PEPERSTRAETE

1322] "Determination of the nitrogen oxides content of flue gases : sodium-salicvlate photometric method"
H.J. PEPERSTRAETE

Third International ocean disposal symposium, WOODS HOLE (USA), 12-16.10.1981
[323| "Experimental study on the biological availability of selected radionuclides in several marine algae"

S. BONOTTO, F. CINELLI, A. BOSSUS, G. NUYTS, P. MATHOT, J. COLARD, R. KIRCHMANN

International Meeting on the radiobiology of radium and the actinides in man, LAKE GENEVA (Wisconsin, USA),
12-16.10.1981
|324| "Relative biological effectiveness of H1Am versus 22flRa approached by haemopoietic stem cell studies in various bone marrow sites

of contaminated mice"
G. SCHOETERS-DE MEY, O. VANDERBORGHT

Influence of power reactor chemistry on fuel cladding reliability, SAN MINIATO (Pisa, Italy), 12-16.10.1981
]325| "Fuel rods failure induced by waterside corrosion in reactor BR3 - Failure description and water chemistry analysis"

M. LIPPENS, D. HAAS, P. GUBEL, J. VAN DE VELDE, C. VAN LOON

Seminar on alpha spectrometry, (ICRM) GEEL, 14-16.10.1981
1326] "The application of alpha-spectrometry in post-irradiation research and reprocessing"

P. DE REGGE

Conference at the University of California in SANTA BARBARA (USA), 19.10.1981
1327] "Utilization of marine algae for studies on the radioactive pollution of the sea"

S. BONOTTO
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Colloque International sur l'application du Systeme de limitation des doses dans les installations du cycle du combustible
nucleaire et autres pratiques en matiere de radioprotection, MADRID (Spain), 19-23.10.1981
]328| "Experience acquise dans la limitation des doses lors dc la preparation d'operations de rcjet en mer"

G. FIEUW, N. VAN DE VOORDE, L. BAEKELANDT

Laboratoire d'Embryologie, faculte des Sciences, LOUVAIN-LA-NEUVE, 20.10.1981
|329| "In vitro studies on the prcimplantation lethality induced by treatment of male mice with nickel nitrate"

P. JACQUET

First Meeting of water electrolysis in the second R&D-energy programme of the C.E.C., BRUSSELS, 20-21.10.1981
13301 "Development and demonstration of alkaline electrolytic hydrogen production systems based on inorganic-mcmbrane-electrolyte-

technology"
H. VANDENBORRE, R. LEYSEN, H. NACKAERTS

First Symposium of the IMEK.0 TC12 Technical Committee on temperature measurement in science and industry,
KARLOVY VARY (Czechoslovakia), 20-22.10.1981
13311 "Thermocouple thermometry : a contemporary introduction"

F. MATHIEU, R. MEIER, W. SCHUBERT

[332] "Contribution to the evaluation of drift due to erasable EMFS induced in chromel-alumel and nicrosil-nisil thermocouples by
short-ranged ordering"
F. MATHIEU, R. MEIER, VV. SCHUBERT

University of Utah, Radiobiology Division, Dept. of Pharmacology, SALT LAKE CITY (USA), 22.10.1981
13331 "Response of hematopoictic bone marrow stem cells after contamination with radium and amcricium"

G. SCHOETERS-DE MEY

Conference at the ORNL, OAK RIDGE (USA), 22.10.1981
|334a| "Radioactive pollution of the sea : experimental work with marine algae"

S. BONOTTO

RUG, Laboratorium voor Anorganische Technische Chemie, 24.10.1981
|334b| "Matcmatische Modellen voor de Luchtvcrontrciniging, Mogelijkhcden en bepcrkingen"

J.G. KRETZSCHMAR

Ilde Jaarvergadering van de B.E.M.S., BRÜSSEL, 24.10.1981
|335| "Stralengevoelighcid en celkinetiek van menselijkc lymfocyten na stimulatie door verschillcnde mitogenen"

Gh. DEKNUDT

I336J "In vitro cytogenetic study on the pyrolysate mitogens Glu-P-2 and SR-25"
L. FABRY

13371 "In \ilro studies on the preimplantation lethality induced by treatment of male mice with nickel nitrate"
P. JACQUET

TRIBULATION : Second Programme Committee Meeting, BRUSSELS (Belgium), 26.10.1981
1338] "Results on BN fuel rods spectrometry analyses"

L. LEENDERS

Int. Symp. on Nuclear Fission and Related Phenomena, BAD HONNEF(F .R . Germany), 26-29.10.1981
|339| "Experimental study of some important characteristics of the thermal neutron induced fission of M7Np"

P. D'HONDT, C. WAGEMANS, E. ALLAERT, F. CAITUCOLI, G. BARREAU, P. PERRIN

1340] "Fission fragment mass and energy distributions for spontaneous, thermal and resonance neutron induced fission for various
actinides"
C. WAGEMANS, E.ALLAERT, G. WEGENER-PENNING, A. DERUYTTER

Meeting of CEC contractants working in the subsector "Relation between radiation dose and genetic effects in
multicellular organisms", BRUSSELS, 27-28.10.1981
|341| "The lymphocytes of small mammals, a model for research in cytogenetics"

A. LEONARD

University of California, Davis, Laboratory Tor Energy-Related Health Research, DAVIS (USA), 2.11.1981
1342] Haemopoietic stem cell studies after contamination with radium and amcricium

G. SCHOETERS-DE MEY

Institute of Physics, PRAGUE (Czechoslovakia), 2-8.11.1981
13431 "Influence of impurities on the electrical properties of chalcogenidc glasses"

P. NAGELS

International energy and executive committee hydrogen, PARIS (France), 3.11.1981
1344| "The Belgian electrolytic hydrogen production programme" •

H. VANDENBORRE

Vergadering van de Belgische Vereniging voor Biochemie, GENT, 7.11.1981 i
13451 "Structure of the pol-genc of moloncy murinc leukemia virus RNA" ;

J.M. MERREGAERT :
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IAEA Specialists' Meeting on Examination of Fuel Assembly for Water Cooled Power Reactors, TOKYO (Japan),
9-13.11.1981
|346| "Contribution of Pool-Side and Hot Cell Examinations to LVVR Fuel Surveillance Programmes"

H. BAIRIOT, P. DERAMAIX, D. HAAS, L. LEENDERS, M. LIPPENS, F. MOTTE, J. VAN DE VELDE,
B. VON OUTRYVE d'YDEWALLE

International Symposium on Scientific basis for nuclear waste management, BOSTON (USA), 16-19.11.1981
13-471 "Corrosion of construction materials in clay environments"

J. DRESSELAERS, F. CASTEELS, H. TAS

Conference on Point defects and defect interactions in metals, KYOTO (Japan), 16-20.11.1981
|348| "Internal friction in cold-worked and low-temperature electron irradiated Zr"

L.T. MIYADA-NABORIKAWA, R. DE BATIST, K.H. ROBROCK

V Congresso Latino-Americano de Microscopia Electronica, BOGOTA (Colombia), 16-21.11.1981
|349| "High resolution studies on order-disorder phenomena in alloys" (invited lecture)

S. AMELINCKX

Inserm symposium series colloque International d'Ecotoxicologie, Acute aquatic ecotoxicological tests, LILLE (France),
17-19.11.1981
1350] "Cadmium-selenium tests on two freshwater organisms, a pulmate snail and a unicellular green alga"

O.L.J. VANDERBORGHT, S. VAN PUYMBROECK, M. PEETERS, W. STIPS

Colloque: "Indices biochimiques et milieu marin", BREST (France), 18-20.11.1981
|351| "Etude biochimique de la distribution du -Ml dans les differcnts constituants ccllulaires ehe; les algucs marines Acetabularia

acetabulum et Dunaliella bioculata"
S. BONOTTO, G. NUYTS, A. BOSSUS, R. KIRCHMANN

NFWO Kontaktgroep Theoretische Kernfysika (Lage Energie), R.U.GENT, 19.11.1981
13521 "The Symplcctic Model for the Breathing Mode"

J. BROECKHOVE

13531 "Deformation of a-Particlcs and Narrow Resonances in the Elastic ?-x Channel"
E. DEUMENS

Societe Beige de Biologie, BRUXELLES, 20.11.1981
|354| "Cinetique cellulairc et radiosensibilitc des lymphocytes dc la vachc en culture"

L. FABRY

Laboratoire de Morphologie Animale, Faculte des Sciences, LOUVAIN-LA-NEUVE, 20.11.1981
[355| "Lcs techniques de culture embryonnairc"

M. JACQUET

University of Leicester, LEICESTER (U.K.), 22-29.11.1981
1356] "New aspects of the Hall effect"

P. NAGELS

[357] "Doping of chalcogenide glasses"
P. NAGELS

Technical Committee Meeting: "Testing and in-plant monitoring of ofT-gas cleaning systems at nuclear facilities",
VIENNA (Austria), 23-27.11.1981
13581 "New tendency in HEPA-filtcr testing; experience at S.C.K./C.E.N. Mol Belgium"

J.P. DEWORM

Reunion de la Societe Beige de Radiobiologie, BRUXELLES, 28.11.1981
|359] "Cinetique cellulairc et radiosensibilite chromosomiquc des lymphocytes dc 4 espcecs dc ccrcopitheques"

G. DECAT, A. LEONARD, W. DE MEURICHY

]36()| "Reponse des lymphocytes du lapin et de 1'homme ä dc faibles doses dc rayonnement X"
L. FABRY

13611 "Sites co mm uns d'integration dc provirus dans les lymphomes induits chez des souris C57BL par Ic virus des radiolcucoses murincs
(RadLV) ct absence dc nouvelles sequences provirales dans I'ADN des lymphomes radioinduits"
M. JANOWSKI, J. BONIVER, J.R. MAISIN

13621 "Distribution de 6llCo, 65Zn, l25Sb ct IJ7Cs chez le canard (Anas platyrhynchus)"
J. KONINGS, R. KIRCHMANN, G.B. GERBER, R. VAN BRUWAENE

ANS 1981 Winter Meeting, SAN FRANCISCO (USA), 29.11.-4.12.1981
13631 "Thoughts and experience of Belgium with international safeguards"

C. BEETS, P. BOERMANS, H. DE CANCK, R. INGELS, J. SATINET

Contribution to the IAEA Working Group on the use of installed instrumentation in Irradiated Fuel Reprocessing
Facilities for Safeguards Purposes, VIENNA (Austria), 1-4.12.1981
|364a| "Review, demonstration and development of selected instrumental techniques applicable for safeguarding a fuel reprocessing plant"

P. DEREGGE, C. BEETS

Universite Paris 7, Bases Scientifiques de la Protection de PAir, 4.12.1981
|364b| "Analyse et interpretation de la pollution de l'Air"

J.G. KRETZSCHMAR
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Institut de Physique, U.L.B., BRUXELLES, 5.12.1981
13651 "Utilisation des cultures d'embryons de souris pour les rccherchcs en toxicologie"

P.JACQUET

Association beige des biologistes d'expression francaise, BRUXELLES, 5.12.1981
|366| Tests cytogenetiques utilises pour detector le pouvoir cancerogene des substances chimiques

A. LEONARD

1st World Conference on Neutron Radiography, SAN DIEGO (USA-California), 7-10.12.1981
|367| "Description and characterization of the RR2 neutron radiography facility"

V. STULENS

|368| "Description and characterization of the BR1 neutron radiography facility"
H. TOURWE

|369| "Non-destructive control of plutonium oxide fuel pins by neutron radiography at the BR1 neutron radiography facility"
H. TOURWE

Studiedag: " Indus t r i e , huishoudelijke en medische toepassingen van de mikrogolven", ANTWERPEN, 8.12.1981
[370J "Mogelijke gevaren van mikrogolven en normen"

M.H. FAES

|371| "Zonnc-energic uit de ruimte via mikrogolven"
J. KRETZSCHMAR

Centre d'Etudes Nucleates de Saclay (France), 9.12.1981
1372| "Rotations Nuclcaircs et Courant de Probabilite"

P. VAN LEUVEN

Groupe de travail "Corrosion nucleaire", ERLANGE (F.R. Germany), 10-11.12.1981
|373| "Canister materials for the storage of radioactive waste in geological clay formation"

F. CASTEELS, H. TAS, J. DRESSELAERS, A. LEURS, R. HEREMANS

Ordinary Meeting of the Society of Engineers, LONDON (U.K.) 14.12.1981
|374a| "The hydrogen fuel cell as a power source for use in traction"

G.SPAEPEN

U.I.A., Milieukunde, ANTWERPEN, 15.12.1981
|374b] "Notics van de fysica toegepast op dc milieuproblematiek"

J.G. KRETZSCHMAR

NFWO Kontaktgroep: Study of Elementary Particles an Related Mathematical Problems, Rijksuniversiteit GENT,
18.12.1981
|375| "Symplcctic Groups and the Deformation of Nuclei"

F. ARICK.X, J. BROECKHOVE, E. DEUMENS

Amorphous and liquid semiconductor Meeting, CHELSEA College, LONDON (U.K.) 19-23.12.1981
1376| "Influence of impurities on the electrical properties of Se^Te'5 glasses"

P. NAGELS, M. ALI, M. ROTTI
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Appendix 3
THESES

13771 "Analyse sismique du coeur d'un réacteur nucléaire PVVR"
A. PREUMONT
Thèse de doctorat, Université de Liège
February 1981

|3781 "Het chetnisch-thermodynamisch gedrag van N, C, O en H in vloeibaar lithium als kweek-en koelmiddcl voor fusiereactoren"
N.A. RUMBAUT
Doctoraatsthesis, Katholieke Universiteit Leuven
February 1981

1379) "Generator coordinate theory of nuclear motion in molecules"
L. LATHOUWERS
Geaggregeerde voor het Hoger Onderwijs, Vrije Universiteit Brussel
May 1981

13801 "Heat transfer to liquid sodium in the thermal entrance region1'
QIU RENSEN (China)
Docteur en Sciences Appliquées, Université Libre de Bruxelles
July 1981

22



Appendix 4
PATENTS APPLIED FOR AND GRANTED IN BELGIUM
AND IN OTHER COUNTRIES

A. P A T E N T S A P P L I E D FOR

- Wcrkwijze ler bcreiding van cen katalysator voor ccn isotopischc uitwisselingskolom
Patent applied for by S.C.K./C.E.N.
A. BRUGGEMAN, R. LEYSEN, P. VERME1REN, M. MONSECOUR
Canada (Applied for on 22.07.1981, No. 382.221.4)
Europe (Applied for on 28.07.1981, No. 812.OO855.5)
Japan (Applied for on 30.07.1981, No. 120 013/1981)
USA (Applied for on 21.07.1981, No. 06/285483)

- Procede permettant l'extraction d'ions fluorure de solutions dc retraitcmcnt de combustibles nucleaircs
Patents applied for by S.C.K./C.E.N.
L. VANDEVELDE, L. BAETSLE, D. HUYS
Belgium (Applied for on 03.04.1981, No. PV 0/204372)
Germany (Applied for on 08.04.1981, No. No. P3114211.7)
Great Britain (Applied for on 25.03.1981, No. 8109323)
USA (Applied for on 08.04.1981, No. 251840)

- Sceau clcctronique
Patent applied for by S.C.K./C.E.N.
E. MUSYCK.
Belgium (Applied for on 15.09.1981, No. PVO/205968)

- Werkwijze en inrichting voor de afscheiding ondcr vaste vorm van iodium uit ccn /lire kwikzoutoplossing
Patent applied for by S.C.K./C.E.N.
L. GEENS, W. GOOSSENS, J. VAN DOOREN
Belgium (Applied for on 27.04.1981, No. PVO/204 615)
Europe (Applied for on 28.10.1981, No. 81870042.9)
Japan (Applied for on 17.11.1981, No. 184325/81)
USA (Applied for on 13.11.1981, No. 321.147)

B. PATENTS GRANTED

- \VcrkwiJ7e voor de vervaardiging van ecn membraan bcstaandc uit polyantimoonzuurpocdcr en cen organisch bindmiddel
Patent applied for by S.C.K./C.E.N.
R. LEYSEN, P. VERMEIREN, L. BAETSLE, G. SPAEPEN, J. VANDENBORRE
U.S.A. (Granted on 03.03.1981, No. 4253936)

- Procede permettant ('extraction d'ions fluorurc de solutions dc retraitement dc combustibles nucleates
Patent applied for by S.C.K./C.E.N.
L. VANDEVELDE, L. BAETSLE, D. HUYS
Belgium (Granted on 30.04.1981, No. 888.279)

- Sceau elcctronique
Patent applied for by S.C.K./C.E.N.
E. MUSYCK
Belgium (Granted on 30.09.1981, No. 890.360)

- Wcrkwijze en inrichting voor de afscheiding ondcr vaste vorm van iodium uit ccn zure knikzoutoplossing
Patent applied for by S.C.K./C.E.N.
L. GEENS, VV. GOOSSENS, J. VAN DOOREN
Belgium (Granted on 15.05.1981, No 888.579)

- Perfectionnements ä la fabrication de machines ou elements dc machines soumises ä vibrations mccaniques
Patent applied for by S.C.K./C.E.N. and CRM
J.J. HUET, L. COHEUR, V. LEROY, C. GASPARD
Canada (Granted on 16.06.1981, No. 1103068)
Great Britain (Granted on 11.03.1981, No. 1582495)
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Appendix 5
SEMINARS HELD AT S.C.K./C.E.N.

NUCLEAR RESEARCH AND DEVELOPMENT
By S.C.K./C.E.N. personnel

- 5.2.1981
KfK-S.C.K./C.E.N. Seminar on local cooling perturbations in an LMFBR subassembly -The "MOL 7C" experiments in BR2
"Follow-on programme"
W. KRAMER, G. VANMASSENHOVE

"Loop design, thermohydraulics and nuclear characteristics -Performance of the experiments"
A. VERW1MP

"Post irradiation examination"
A. VERWIMP, G. KARSTEN

- 9-10.3.1981
Informal "Specialists Meeting" on "Exchange of experience in LWR-PV surveillance dosimetry and its applications"
"Conclusions of recent efforts at appraising the USNRC-sponsored PCA transport theory blind test"
A. FABRY and G. M1NSART

"Dosimetry status of the surveillance programmes in the Belgian power plants"
H. TOURWE

- 17.3.1981
"Fusion information day"
"The European fusion programme"
J. NIHOUL

"Fusion icactor approaches"
M. SNYKERS

Werkvergadering Fusietechnologie, S.C.K./C.E.N. MOL
"Zwellingssimulatieresultaten"
M. SNYKERS

"Modclstudies van zwellen"
J. CORNELIS

"Termische schokexperimenten"
R. DE CONINCK

- 24-27.3.1981
IAEA Specialists' Meeting on High Burn-up in power reactor fuel
F. MOTTE -BR3 Operation experience with high burn-up fuel

- 26.6.1981
Koördinatie-komitee Onderzoek-Industrie in zake opwerking afval, S.C.K./C.E.N. MOL
"Borosilikaatglas voor HLW"
R. DE BATIST

"FLK-slakken voor Pu-waste"
P. VAN ISEGHEM

- 21-24.9.1581
Experience with a Mercurex system under simulated conditions, Seminar on "Iodine removal from gaseous diluents in the nuclear
industry"
L.P. GEENS, G. COLLARD, W.R.A. GOOSSENS, J. VAN DOOREN

"Gencrateurs d'iode pour le contrale "in situ" des pieges a iode"
W. SLEGERS, J. STEVENS, J. VAESEN

"Methodology for the measurement of 129Iodine in the HERMES project"
F. VEN, P. DE REGGE

By guest speakers

- 5.2.1981
KfK-S.C.K./C.E.N. Seminar on local cooling perturbations in an LMFBR subassembly
The "MOL 7C" experiments in BR2

"Delayed neutron detection"
S. JACOBI (Kf"K)

"Framework and organization of the "MOL 7C" project
Objectives and general outline"
W. KRAMER (KfK)
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'"Instrumentation, data acquisition and handling"
A. RAHN (KfK), J. ABERLE (KfK)

"Evaluation and analysis"
K. SCHLEISIEK(KfK)

9-10.3.1981
Informal "Specialist Meeting" on "Exchange of experience on LWR-PV surveillance dosimetry and its applications"

"Qualification experimentale d'une fonction de dommage en maquettes de cuvcs PWR"
A. ALBERMAN (C.E.N./SACLAY)

"Tridimensional analysis of the PCA-expcriment with EUR-L1B-4 cross-sections"
M. CANAL1 (EURATOM ISPRA)

"Mesurcs de spectres dans le rcacteur de Trino Vercellesc"
M. GALL1AN1 (ENEL ROMA)

"Evolution de la source ncutronique dans Ics reactcurs apres I'arret"
M. GALL1ANI (ENEL ROMA)

"Practice in LWR PV surveillance in Switzerland"
F. HEGEDUS (EIR W-RENL1NGEN)

"Status report on the determination of fast neutron flucncc or atomic displacements for pressure vessel damage analysis"
G. HEHN (IKE STUTTGART)

"Procedures until now and present developments in the LVVR PV surveillance"
Ch. LEITZ (KWU ERLANGEN)

"Transposition MTR -PWR"
P. MAS (C.E.N./GRENOBLE)

"Mesurcs de (lux ncutroniques dans la centralc dc Caorso"
M.P. NEUHOLD (AMN GENOVA)

"Report from KVVO nuclear power station"
H. SCHENK (KVVO OBRIGHE1M)

"Characteristic quantities for neutrons monitoring in LWR PV surveillance"
W. SCHNEIDER (KFA JULICH)

"Requirement and procedure at BBR in the neutron monitoring equipment"
M. SPICKA (BBR MANNHEIM)

"About dosimctry materials"
J. VAN AUDENHOVE (EURATOM GEEL)

"Practical dosimctric procedures (with Nb detector; extended wires..) and neutron (luencc evaluation for monitoring bulk steel plates with
position variation during irradiation"
P. WILLE (GKSS GEESTACHT)

24-27.3.1981
IAEA Specialists'Mceting on high burn-up in power reactor fuel
"High burn-up perfoimance of standard CEA fuel elements under steady state irradiations conditions"
R. ATABEK

"Achievements and problems related to the increase of the discharge burn-up"
H. BAIRIOT

"CEA contribution to power plant operation with high burn-up level"
J. BERGERON

"Waterside-corrosion and Growth of Zry-CIad fuel rods under the aspect of High burn-up"
F. GARZAROLLI

"Fuel behaviour characteristics affected by increased burn-ups"
D. HAAS

"Fission gas release at high burn-up in thermal reactor fuel"
R. HARGREAVES

"Primary Performance and licensing considerations for PVVR high burn-up fuel"
R. KAISER

"Short report of the national programmes presented at the IAEA IWGFPT in Vienna 3-5 February 1981"
P. KNUDSEN

"Behaviour of 17 x 17 fuel at 50 Gwd/T and comparison with 15 x 15 fuel"
M. LIPPENS

"Experience of high burn-up assemblies in the Dodcwaard BVVR"
M. MAIJOOR

"A comparison between cold-worked and annealed clad on the performance of fuel irradiated in a PWR to 35,000 MWD/TEU"
L.F.A. RAVEN
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"PIE observations on high burn-up fuel elements of TAPS"
K. CH. SAHOO

"A review of experiments and modelling of the effects of extended burn-up on the PCI behaviour of power water reactor fuel"
E.K. SEPPÄ

"Short report on OECD -NEA meeting on improved uranium utilization 1980"
R.W. STRATTON

"Analysis of Measures to improve fuel utilization in PWR"
K. THIEME

"High burn-up fuel design for Light Water Reactors"
L.F.P. van SWAN

"BWR fuel experience in Japan and expected advantages of high burn-up fuel utilization"
Y. YAMAMOTO

- 10.6.1981
"Annual Meeting of the Belgian Nuclear Society"

"Conception des ccntrales nucleaircs et protection radiologique"
a) des populations, B. CENTNER (Electrobel)
b) du personnel, C. LAPERCHES (Traction et Electricite)

"La liabilitc humaine et l'intcrface homme-machine : actions entrcprises ä E.D.F."
LLORY (E.D.F.), GAGNOLET (E.D.F.)

"Le principe de la limitation des doses"
P. RECHT

"A nuclear power plant's operator view of the effect of ICRP recommendation upon his radiation protection program"
E. SELLESLAGH (EBES)

"Control room design : advances in the man-machine design process"
D. STORMER, Westinghouse (Pittsburgh)

MATERIALS RESEARCH

By S.C.K./C.E.N. personnel

- 26.2.1981
"Study o'l molecular motions in alkali-amides and i mid es by neutron scattering"
L. T1ELEMANS

- 6.3.1982 Convention "Applications de la microscopic electronique ä l'etude des aspects structuraux lies ä diverses reactions :
deshydratation, nitruration ct devitrification"
P. DELAVIGNETTE

By guest speakers

- 26.2.1981
"Study of molecular motions in alkali-amides and imides by neutron scattering"
L. TIELEMANS
Associatie K.U.L.-S.C.K./C.E.N.

- 21.5.1981
"Phcnomenological approach to structural phase transitions"
K. PARLINSKI
Institute of Nuclear Physics, Cracow, Poland

- 3.7.1981
"Internal friction peaks in cold-wor! ed and hydrogen-charged nickel"
K. TANAKA
Nagoya Institute of Technology Nagoya, Japan

NUCLEAR DOSIMETRY

By S.C.K./C.E.N. personnel

- 22.1.1981
"Neutron scattering study of the crystal field in rare earth Jicarbides"
W. WEGENER

- 13.5.1981
"Neutron scattering seminar -Crystal field in rare earth dicarbides"
W. WEGENER, S. HAUTECLER

- 24.9.1981
"Some examples on international collaboration in the field of radionuclide metrology"
C. BALLAUX
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- 22.10.1981
"Contamination interne du corps humain : mesure par la mcthodc dircetc et interpretation"
J. COLARD

By guest speakers

- 6.2.1981
"Study of the valence states of iron by means of the Mössbauer effect, and applications to pedology, geology, etc.."
H. POLLAK (Universite Nationale du ZaTre)

- 31.3.1981
"Deplacement isotopique et anomalie coulombienne dans les noyaux dc la region du Calcium"
E. CAURIER (Service de Physique Theorique, CNRS, Strasbourg)

- 13.5.1981
Neutron Scattering Seminar

"Concept of the German spallation neutron source"
G. BAUER (KFA Jülich)

"New intermediate magnetic phase in CoBr, 6 (0.48 D20, 0.52 H2O); a Neutron scattering study"
J.P.M. SMEETS, E. FRIKKEE, W.J.M. DE JONGE~(E.C.N.-Petten)

"Finite size affects in mixed valence compounds"
J. NAUDTS (U.I. Antwerpen)

"Solid State Polymerization of a Diacetylinc studied by neutron scattering"
H. GRIMM (KFA-Jülich)

"Proton jumps and proton correlations in squaric acid"
U. BUCHMAN (KFA -Jülich)

"Neutron scattering and translation-rotation coupling in RbCN'1

N.D. ERHARDT (KFA -Jülich)

- 21.5.1981
"Phenomenological approach to structural phase transitions"
K. PARLINSKY (Institute of Nuclear Physics, Cracow, Poland)

- 22.9.1981
"Reorientations of molecules in liquid crystals studied by various experimental methods"
J.A. JANIK (Institute of Nuclear Physics and Jagellaonian University, Cracow, Poland)

- 13.11.1981
"Interacting Boson -Fermion Model : Supersymmetry in the Ru-Ag and Os-Au regions"
J. VERVIER (Universite Catholique de Louvain, Louvain-la-Neuve)

- 19.11.1981
Gamma ray scattering as a tool for studies in nuclear physics, atomic physics and QED
M. SCHUMACHER (Universität Göttingen)

- 22.10.1981
Angular momentum projection for asymmetrically deformed systems
L. LATHOUWERS (R.U.C.A.)

RADIOBIOLOGY

By S.C.K./C.E.N. personnel

- 13.1.1981
"Applications des techniques de culture embryonnaire a I'etude de la teratogenicitc des radiations ionisantes et des metaux lourds"
P.JACQUET

- 20.1.1981
"The relation between chromosomal aberrations and repair"
M.ROSENTHAL

- 11.2.1981
"EBR des neutrons pour la production d'anomalics chromosomiques dans les cellules mammifcrcs"
L. FABRY

- 25.2.1981
"Observations sur la mutagenesc spontanee ehe/. Salmonella Typhimurium ct sur la sensibilite au bacteriophage Mu chez diverses
enterobacteries"
M. MERGEAY

- 25.3.1981
"Fosforylatie van eiwitten in normale, bestraaldc en getransformeerde wcefsels"
VV. BAEYENS
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- 22.4.1981
"Milieuverontreiniging door mechanische trillingcn en dc mogclijkc gcnclischc gcvolgcn hiervan"
G. DECAT

- 29.4.1981
"Techniques de toxicologie"
J. VANKERKOM

- 13.5.1981
"Changements morphologiques dans le cerveau irradié"
H. REYNERS

- 18.5.1981
Journée d'Etude : Le tritium (3H) dans l'environnement
"Fixation du 3H par les algues marines"
S. BONOTTO

"Incorporation du tritium dans le DNA des mammifères"
P. CHARLES

"Etude des effluents du "Waste" rejetés en 1980 : Fixation du 3H sous forme organique dans l'algue Scenedesmus obliquus"
J.C. DUPONT

"Getritieerd water in planten : technische opmerkingen over proefnemingen uitgevoerd tussen 1968 en 1980"
E. FAGNIART

"Mobilisation du tritium dans l'environnement"
G. GERBER

"Synthèse et perspectives"
R. KIRCHMANN

"Le point sur les effets génétiques"
A. LEONARD

"Getritieerd water (THO) in utero en tijdens dc lactatieperiode bij het varken"
R. VANBRUWAENE

"Tritium métabolisme in de koe"
J. VAN DEN HOEK

- 13.6.1981
Réunion de la Société Belge dc Biochimie
"Altered phosphorylation of nuclear proteins after whole-body X-irradiation"
W. BAEYENS, L. BAUGNET-MAHIEU, G.B. GERBER

"Phosphorylation of chromosomal proteins in rat lymphomonas derived from a C57B1 radiation-induced leukemia"
W. BAEYENS, L. BAUGNET-MAHIEU, J.R. MAISIN

"Serum DNA-binding proteins in normal and Icukemic C57B1 mice"
L. BAUGNET-MAHIEU, W. BAEYENS, P. CHARLES, J.R. MAISIN

"Distribution of endogenous type-C RNA viruses among mouse strains from different geographic origin"
J. MERREGAERT, A. AARONSON

- 17.6.1981
"Influence de l'irradiation sur les mécanismes ncuro-vasculaircs"
R.TIMMERMANS

- 10.10.1981
Métabolisme van radioisotopen en mineraalmetabolisme, GEEL (Radiobiologie)
"Transuranen in dc omgeving : deel van een Europese samcnwcrking. Opname van transuraanclcmcntcn door zoetwatorfauna"
J. BIERKENS

"Verzuring van de omgeving en mineraalmetabolisme bij veenmossen"
J. LEMBRECHTS

"Verzuring in Kempische vennen en mineraalmetabolisme bij waterwantsen"
J. VANGENECHTEN

- 14.10.1981
"Rôle et moyens de l'Agence Internationale dc l'Energie Nucléaire"
R. KIRCHMANN

"Reflets du symposium international AIEA/CCE/AEN sur la migration dans l'environnement terrestre des radionuclides de longue vie
provenant du cycle du combustible nucléaire (Knoxville, USA, 27-31.7.1981)"
R. KIRCHMANN

- 4.11.1981
"Les lymphocytes de mammifères représentent-ils un bon modèle pour les études cytogénétiques ?"
A. LEONARD
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- 14.11.1981
Kontaktdag Limburgs Univcrsitair Centrum (LUC) -S.C.K.

"Bcstraling van het beenmerg door calcium-gclijkcndc radioisotopen"
G. DE MEY-SCHOETERS

"Oligotrofic en verzuring ¡n veengebieden"
J. LEMBRECHTS

"Fysicoehemic van oppervlakte-waters en biologische tixatie van radioisotopen (amcricium en zoetwatcr)"
L. THIELS

"Algcmcen ovcrzicht over het Studiecentrum voor Kcrnenergic en centrale problcemstclling van het onder/.oek in de sektie Métabolisme
Radioisotopen"".
O. VANDERBORGHT

"Verzuring in Kcmpische vennen en mincraal-metabolisme van waterwantsen"
J. VANGENECHTEN

"Atoomabsorptic en plasmaëmissic voor de bepaling van mineralcn in oplossing"
S. VAN PUYMBROECK.

- 25.11.1981
"Beschikbaarhcid van transuranen in aquatische ccosystemcn : problemcn"
O. VANDERBORGHT

- 8.12.1981
EULEP-Intcrnational Emitters Project -Meeting of the decorporation group, MOL
"Evaluation of long-term treatment with Na-alginatc of Ra-contaminatcd mice and Zn-DTPA treatment of Am-contaminated mice"
G. SCHOETERS

"Dccorporative and preventive effect of alginatcs on radiocontamination by the heavy alkaline earth metals"
O. VANDERBORGHT

- 9.12.1981
"Le tritium dans le milieu marin"
S. BONOTTO

By guest speakers

- 4.3.1981
"Radiation-induced frameshift mutagencsis in bacteria"
DONALD MACPHEE (La Trobe University, Melbourne -Australia)

- 3.6.1981 (Université de Liège)
"Etude d'une bactériocine A1 Entinta ura/ovora"
J.TH1RY-BRAIPSON

"Les plasmidcs de certaines Entinta phytopathogènes"
M.THIRY

"Constitution d'une librairie de gènes de Chlantydomonas"
R. LOPPES

"Isolement de mutants de Senedesmus obliquus"
C. VINCENZOTTO

"Fusion somatique chez Chlamydomonas rhein"
R. MATAGNE

- 24.6.1981
"Herhalingspatronen ¡n DNA sekwenties en molckulairc evolutie van genen"
Prof. Dr. R. DE WACHTER (Département voor Celbiologie, U.I.A.)

- 7.10.1981
"Antigenic markers for nerve cells in culture"
E. HOOGHE-PETERS (Université Libre de Bruxelles)

- 10.10.1981
Métabolisme van radioisotopen en mineraalmctabolisme
"Zware metalen in de omgeving : Cd-Sc interactics bij plant en dier"
M. BLOKKEN (U.I.A.)

"Mineraalmctabolisme in cen ¿uur aquatisch milieu : veenmossen"
C. TIMMERS (U.I.A.)

- 29.10.1981
"Radiation-induced dominant cataract in mice"
U. EH LING (Institut fur Genetik, Neuherberg)
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- 14.11.1981
Kontaktdag Limburgs Universitair Centrum (LUC) -S.C.K.
"Fysikochomie van oppervlaktc-waters en /.ware metalen : de Cd-Se toxicitcit bij plant en dicr"
M. BLOKK.EN (U.I.A.)

"Een nieuw ckofysiologisch aspekt van de omgevingsverzuring = fysiologische rol van aluminium bij dier en plant (veenmossen)"
C.TIMMERS (U.I.A.)

- 18.11.1981
"The hydrogen-oxidizing bacteria as model objects for investigating chemolithotrophic metabolism"
Prof. Dr. HANS-GÜNTHER SCHLEGEL (Institut für Mikrobiologie Universitüt Gottingen)

- 3.12.1981
"Structure et fonction des protéines spécifiques de transformation des viruses de sarcomes aviaires"
Dr. J. GHYSDAEL (U.S.C., Los Angeles & U.L.B.)

- 7.12.1981
EULEP-International emitters project -Meeting of the decorporation group
"Dccorporation research in the U.S.A. (Review)"
MAYS C.

"Plutonium Tri-N-Buthylphosphate complex new problem for decorporation"
METIVIER H.

"Removal of radiobarium by cryptand (222) from mammals"
MÜLLER W.

"Toxicological data on Puchel treatment"
SMITH H.

"The clinician's requirements for decorporating agents"
STOTT A.N.B.

"Decorporation of actinides deposited in the lung with DTPA -a rational approach to optimisation"
STRADLING N.G.

"Review and ideas about a standard procedure"
SZOT Z.J.B.

"Efficiency of derivatives of DTPP in Pu decorporation"
SZOT ZJ.B.

"Comparative effects of Puchel and DTPA on the retention of thorium, plutonium and cadmium in experimental animals"
TAYLOR D.

"Late effects on health of decorporative treatments (review)"
VOLF V.

MISCELLANEOUS

By S.C.K.'/C.E.N. personnel

- 13.4.1981
"Doorlichting van het communicaticproces in het vciligheidsbeleid. Resultaat van de enquête : Veilighcid en veiligheidsopleiding"
J.P. DEWORM

- 29.9.1981
Studiedag KVIV : HEPA-filters
"Historische ontwikkelingen in de aërosolfiltratietechnieken"
W. GOOSSENS

"HEPA-Systemen in de nucléaire industrie"
W. SLEGERS

"Nieuwe ontwikkelingen in HEPA-filtertestmethoden"
W. SLEGERS, J. PAUWELS, C. CAERS, J.P. DEWORM

By guest speakers

- 1.7.1981
"Recent progress in the electrolyte hydrogen production programme at S.R.T.I."
Prof. Dr. J.C. SOHM (S.R.T.I. -Creusot Loire France)

- 10.11.1981
"Energy in a finite world"
Prof. Dr. W. HÁFELE (Director General KFA, Jülich)
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Appendix 6
EXTERNAL RELATIONS

As mentioned in the related chapters, many S.C.K./C.E.N. programmes or activities are carried out in an international
framework or in close collaboration with external organization.

The most important examples are:
- R & D for sodium-cooled fast reactors in the framework of the DeßeNe-SNR project, which is part of the

DeBeNe/France collaboration on advanced reactor systems;
- fuel development work in collaboration with Belgonucleaire;
- development of dispersion-strengthened steels in collaboration with CRM-Liege and Usines Emile Henricot;
- fast reactor safety work, co-ordinated by various European working groups and in collaboration with JRC-Ispra,

U.LBruxelles and KfK-Karlsruhe;
- The GSB experiment in BR2 in collaboration with KFA-Jülich;
- 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 Cockerill;
- contract work with the C.E.C. and DWK on conditioning and disposal of radioactive waste;
- the Safeguards project in the framework of ESARDA;
- R & D on lithium technology and raJiation damage in materials for fission 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 the Belgian universities,

international organizations or foreign institutes:
- contract work on pollution and waste handling on behalf of various govermental services;
- development of fuel cells for Elenco N.V. and of electrolysis systems for the production of hydrogen on behalf of the

C.E.C.;
- operation of the BR2-reactor in the framework of an agreement with KfK-Karlsruhe;
- 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.

Four staff members have been on an IAEA technical assistance assignment in Morocco and ZaYre. Two staff members
have given lectures at the IAEA seminar on the maintenance of nuclear instruments for French speaking developing
countries, held in Morocco from August till October 1981.

S.C.K./C.E.N. hosted in February 1981 the KfK-S.C.K./C.E.N. Seminar on local cooling perturbations in an LMFBR
subassembly; the MOL 7C experiments in BR2; in March 1981, the IAEA specialists meeting on high burn-up in LWR
fuel and in September 1981 the conference on iodine removal from gaseous effluents in the nuclear industry organized
by the C.E.C.

As part of the agreement for technical and scientific co-operation between the Republic of Zaire and the Belgian
Government in the field of the peaceful utilization of nuclear energy and the contract between S.C.K./C.E.N. and the
Commissariat General ä l'Energie Atomique of ZaTre, the technical co-operation between the two organizations was
continued, in particular, the operation and maintenance of the TR1GA Mkll reactor. This co-operation is financed by
the ABOS/AGCD.

In the scope of the Agreement between the U.S.S.R., the Netherlands and Belgium, a tripartite symposium on the exchange
of experiments in sodium technology research was held at S.C.K./C.E.N. in September 1981. In October 1981, two staff
members visited the Kurchatov Institute in Moscow for discussing studies of liquid lithium-plasma contact devices. Also
the exchange of different scientists was continued under this agreement.

During 1981,334 students or qualified scientists (of which 48 foreign coming from 20 different countries) received further
training at S.C.K./C.E.N.. 27 of them are currently working towards their doctor's degrees in Mol.

Finally, in 1981, S.C.K./C.E.N. received more than 2,000 visitors.
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Appendix 7
FINANCE

ACCOUNTS ON 31st DECEMBER 1981 in Belgian Francs (FB)

INCOME

A. ORDINARY INCOME

Grants

1. Financing of the institute

Operating income

2. Research
3. Technical support
4. Energy and services

205,657,003
414,282,747
98,282,630

1,727,900,000

718,222,380

B. SUPPLEMENTARY GRANTS
5. Subsidy for capital expenditure
6. Income for the construction of a laboratory

for geologic disposal of waste

245,966,624
5,933,282

TOTAL INCOME

251,896,583

2,698,018,963
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EXPENDITURE

A. OPERATING EXPENDITURE
1. Personnel
2. Administration

2.1. Computer rent
2.2. External services
2.3. Communications
2.4. Insurance and taxes
2.5. Missions, documentation
2.6. Other administration expenses

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

4. Financial expenses - loans

B. CAPITAL EXPENDITURE
1. Equipment

1.1. Ordinary equipment
1.2. Particular equipment

2. Infrastructure
2.1. Ordinary infrastructure
2.2. Particular infrastructure

34,026,664
7,933,931
19,828,306
18,724,044
16,788,978
12,940,276

160,677,656
34,696,643
106,299,601
156,761,344

TOTAL OPERATING EXPENDITURE

56,713,328
31,267,613

2,546,769
161,368,873

2,057,374,779

110,242,199

458^35,244

609,000

2,626,661,222

TOTAL CAPITAL EXPENDITURE 251,896,583

TOTAL EXPENDITURE A + B 2,878,557,805
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Appendix 8
PERSONNEL OFFICE

S.C.K./C.E.N. PERSONNEL

The table gives a survey of personnel on 31st December 1981.
The figures between brackets represent the changes compared with 31bI December 1980

CLASS S.C.K./C.E.N.* BR2 reactor and
associated facilities

Professional staff

Technical and administrative staff

S.C.K./C.E.N. personnel working at other centres
or agencies

371 (-4)

1021 (-22)

50 (-1)

172 (-4)

TOTAL 1402 (-26) 222 (-5)

• Total BR2 personnel included

PERSONNEL ADMINISTRATION

10 persons were recruited during the year. 36 persons left S.C.K./C.E.N.: 4 deaths from natural causes, 3 retirements and
21 resignations and the expiration of 8 temporary contracts.

There were 44 internal transfers, 27 of which involved scientists or technicians and 17 administrative personnel.

In 1980, these figures were 25, 16 and 9, respectively.

556 missions were organized to 31 different countries; this shows a decrease of 80 compared \vith1980.
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Appendix 9
LIST OF ABBREVIATIONS

ANS
ASL
BNFL
CBNM
CEA
CEC
CFR
CNEN
CREN
CORAPRO
DFR
DOE
DRAGON
DSM
DWK

EBR
ECN
ELENCO
ENI
ENS
ERM/KMS
EULEP
FFTF
FNRS
FRAMATOME
GCFR
G fit
GSB
GWK

HDL
HLSW
HLW
IA
IAEA
ICWB/CIPS

IEA
I1KW/IISN

ILL
IRE
IUPAP
IWG-RPS
KFA
KfK
KUL
LASL
LHMA
LMA
LMFBR
LUC
LWR
NBS
NEA
OECD
ORNL
ORR
PFR
PNS
PWR

American Nuclear Society
Analytical Sodium Loop, S.C.K./C.E.N.
British Nuclear Fuels Ltd. Risley (United Kingdom)
Central Bureau for Nuclear Measurements, EURATOM, Geel (Belgium)
Commissariat à L'Energie Atomique (France)
Commission of the European Communities
Commercial Fast Reactor (United Kingdom)
Comitato Nazionale per l'Energia Nucleare (Italy)
Centre Régional d'Etudes Nucléaires de Kinshasa (Zaïre)
Contrôle Radioprotection (Belgium)
Dounreay Fast Reactor (United Kingdom)
Department of Energy (USA)
High Temperature Reactor, Winfrith (United Kingdom)
De Staatsmijnen (The Netherlands)
Deutsche Gesellschaft für Wiederaufarbeitung von Kernbrennstoffen GmbH, Hannover (Federal
Republic of Germany)
Experimental Breeder Reactor, Idaho Falls (USA)
Energie Centrum Nederland (The Netherlands)
Electrochemische Energieconversie N.V., Mol (Belgium)
Electro-Navale & Industrielle, Aartselaar (Belgium)
European Nuclear Society
Ecole Royale Militaire / Koninklijke Militaire School (Belgium)
European Late Effects Project Group
Fast Flux Test Facility, Hanford (USA)
Fonds National de la Recherche Scientifique (Belgium)
Société Franco-Américaine de Constructions Atomiques (France)
Gas Cooled Fast Reactor
Gesellschaft für Kernforschung mbH, Karlsruhe (Federal Republic of Germany)
Gasgekiihlte Schnelle Brutreaktoren
Gesellschaft zur Wiederaufarbeitung von Kernbrennstoffen mbH, Leopoldshafen (Federal
Republic of Germany)
Hanford Engineering and Development Laboratory (USA)
High Level Solidified Waste
high Level Waste
Interatom (Internationale Atomreaktorbau GmbH) (Federal Republic of Germany)
International Atomic Energy Agency, Vienna (Austria)
Interministeriële Commissie voor Wetenschapsbeleid / Commission Interministérielle pour la
Politique Scientifique (Belgium)
International Energy Agency, Paris (France)
Interuniversitair Instituut voor Kernwetenschappen / Institut Interuniversitaire des Sciences
Nucléaires, Brussel (Belgium)
Institut Laue Langevin,m Grenoble (France)
Insitut National des Radioéléments, Fleurus (Belgium)
International Union of Pure and Applied Physics, Paris (France)
International Working Group -Reprocessing plants Safeguards
Kernforschungsanlage, Jülich (Federal Republic of Germany)
Kernforschungszentrum, Karlsruhe GmbH (Federal Republic of Germany)
Katholieke Universiteit Leuven (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, Diepenbeek (Belgium)
Light Water Reactor
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 Reactor (USA)
Prototype Fast Reactor, Dounreay (United Kingdom)
Pulsed Neutron Source
Pressurized Water Reactor
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RAPSODIE
RECYTEC
RS1C
RUCA
SEMO
SENA
SERENA
SNEAK
SNR
TNO
TUV
UCL
UKAEA
ULB
VUB

Experimental Fast Reactor, Cadarache (France)
Recyclage Technologie, Brüssel (Belgium)
Radiation Shielding Information Center, ORNL(USA)
Rijksuniversitair Centrum Antwerpen (Belgium)
Societe Belgo-Francaise d'Energie Nucleaire Mosane
Societe d'Energie Nucleaire Franco-Beige des Ardennes, Chooz (France)
Societe Europeenne pour la Promotion des Systemes des Reacteurs Rapides ä Sodium (France)
Schnelle Nullenergie-Anordnung, KfK, Karlsruhe (Federal Republic of Germany)
Snellc Natriumgekoelde Kweekreactor (Sodium Cooled Fast Reactor)
Organisatie voor Toegepast Natuurwetenschappelijk Onderzoek (The Netherlands)
Technische Ueberwachungs-Verein, Baden-Baden (Federal Republic of Germany)
Universite Catholique de Louvain (Belgium)
United Kingdom Atomic Energy Authority (United Kingdom)
Universite Libre de Bruxelles (Belgium)
Vrije Universiteit Brüssel (Belgium)
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