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I N T R O D U C T I O N 

L.H. àaetsle 

The present semi-annual progress report 1986-1 covers in principle the 
research activities from the middle of 1985 till mid 1986 and this 
report has to be considered as the successor to the 1985-1 report BLG 
582. The second 1985 progress report BLG 584 (1985-2) emphasized 
particularly the infrastructure and new equipment acquired during the 
past year. 
Most of the activities started last year have continued throughout the 
described period. 

A few importa-.t features call for your special attention. 

- Two complete U02 PuOz fuel elements clad with oxide dispersion-
strengthened ferritic steel have been fabricated by the Metallurgy 
Department in collaboration with the Belgian industry. The fuel ele
ments have been delivered to the PHENIX reactor operator to be loaded in 
the core during the second half of 1986. 
- Great progress has been made by the Ceramics study Department in the 
fabrication of dense silicon-nitride ceramics by injection moulding 
wiich permits the production of very complex pieces. 
- A serioui accident occurred in tfe ElEX pilot facility of the Nuclear 
Chemistry Department ; this p^lot installation was built to separate 
tritium from aqueous reproeer.sing effluents. The accident took place 
during comrissioning tests of the electrolyser and due vo this unfortu
nate evolution the programme hes temporarily been brought to an end. 
On the contrary a mock-up capillary electrolysis cell for highly triti-
ated water at a 1:4 scale achieved successfully 7000 h of continuous 
operation. This new technique is to be used in a thermonuclear fusion 
reactor and is now ready to be tested in tritium laboratories. 
- The preparation by the Chemical Enoineering Department of zirconium 
oxide-teflon diaphragms for chlor-alk?i. electrolysis is being scaled up 
in co-operation with industry. Sheets of 0.6 m have been fabricated 
and characterized under industrial conditions. 
- The Biologv Department was contacted by the IAEA to collaborate in the 
study of genetic effects induced by ionizing radiation on a population 
at large as a result of the Tche-nobyl accident. 
- In the field of radiation dosimetry the Nuclear Metrology Department 
made an essential contribution to the radioactive fall-out measurement 
following the Chernobyl reactor accident which occurred in the USSR on 
April 26. Air monitoring detected a first steep increase in airborne 
activity during the weekend of 1st and 2nd of May. A very large number 
of alpha, beta, and gamma measurements particularly on iodine-131 and Cs 
isotopes were made on samples of air dust, rainwater, surface water, 
g^ass, milk and vegetables. Pare of these measurements were performed 
on Jie explicit request of the governmental authorities. 



\n 

EXECUTIVE SUMMARIES 

1. MATERIALS PHYSICS DEPARTMENT - J. Nihoul 

- Semiconductor physics 

Experiments were started to optimize the deposition conditions of amor
phous silicon films in the newly constructed reactors, allowing diameters 
of 200 mm. A uniform film thickness could be obtained over the whole 
area. 
By further optimizing the fabrication conditions of solar cells based on 
amorphous silico. heterojunctions, efficiencies of better than 6 per cent 
are now currently achieved. 
A new phenomenological model has been developed and successfully 
tested for fitting the current-voltage curves of solar cells based on 
amorphous silicon. 

- Characterization of radioactive waste forms 

In the research programme on conditioned radioactive waste it was 
found that the design and the mechanical closure of the container can 
play an important role in the corrosion behaviour. 
Corrosion studies of high level waste glass in saturation conditions have 
shown that the earlier found glass dissolution, inouced by surface 
crystallization, is governed by a thermally activated process. 
A comparison of the short-time behaviour of various simulated nuclear 
waste forms has, amongst other things, emphasized the favourable role 
of a large alumina concentration. 
New information was also obtained on the effect of clay to water ratio 
on the corrosion mechanisms in clay media observed for nuclear waste 
glasses, bituninized reprocessing sludges and cemented hulls. 

- Metal physics 

Important progress has been made in the characterization of supercon
ducting samples and the reliability of the construction techniques was 
confirmed by construing a new 8 tesla magnet. Measurements of 
critical curracts in short samples of NbsSn, performed in the framework 
of an international round robin, did not only yield reliable and precise 
critical current values but also other valuable data on magnetic induc
tion, resistance of lead connections and heat conduction between the 
sample and the liquid helium. 
It «as demonstrated that the present Hall sensor device 1s also adequate 
for a \/ery low magnetic field experiments. 
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- Transmission electron microscopy 

The effort on the phenomenological properties of grain boundaries and 
more particularly of coincidence site lattices was focused on symmetry 
properties in cubic and hexagonal systems, twin boundaries and sub-
grain boundaries in polycrystalline silicon in relation with electrical 
properties, boundary configurations and dislocations in tungsten carbide 
in relation with the mechanical behaviour and mechanical twinning in 
magnesium. 
Other electron microscopic observations were devoted to gas implantation 
.fects in stainless steel, microstructure of superalloys, nucleation and 

growth of crystals in amorphous materials, carbonate precipitation in 
sea water and determination of thin film thickness. 

- Neutron diffraction 

Neutron diffraction experiments were performed with the four-circle 
diffractometer at B12 on a crystal of LiI03 subjected to electrical 
fields of différents polarity and field strengths, in order to elucidate 
the mechanism of the field-induced changes in the diffracted inten
sities, as observed in earlier preliminary experiments. 

- Mechanical and thermophysical properties 

The studies of the internal friction behaviour of semicry3talline 
polyethylene terephthalate shed some light on the effect of gamma 
irradiation and crystal Unity on damping and elasticity modulus. In 
particular, it was found that a pronounced anomaly occurs in both 
mechanical quantities in highly crystallized material. 
Thermal diffusivity measurements on LijSi03 were further analysed to 
establish the existence of electrochemical polarization effects and to 
confirm that hysteretic behaviour occurs only in materials containing 
orthosilicate. 
In a round robin with the CESNEF institute of Milano comparative 
thermo-elasto-p12'Jtic measurements have been performed on two types of 
steels. The related data acquisition and cryogenic stabilization systems 
are now operational. 
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2. METALLURGY DEPARTMENT - H. Tas 

- Oxide dispersion strengthened alloys 

The production of two complete Phénix fuel bundles, with yttrium oxide 
and titanium oxide variants of the oxide dispersion-strengthened (ODS) 
ferritic steels developed at the SCK/CEN laboratories as cladding 
material, has been completed. The thin-walled tubes and the fuel pin 
spacing spiral wire we-e produced jointly by SCK/CEN and Câbleries et 
Corderies du Hainaut (CCH). Ultrasonic and eddy-current testing tubes 
and wires were performed according to specifications established for the 
Phénix reactor. End plug welding, tube constriction, spiral wire 
welding and fuel filling were performed at the SCK/CEN laboratories and 
at Belgonucléaire-Dessel. At end May the complete set of fuel pins was 
transported to the Phénix reacto." site. 
The development of ODS alloys for non-nuclear applications, has so far 
been carried out in the framework of a European co-oninated action 
(COST 501), concerned with the development of materials for energy 
conversion systems using fossil fuel. A collaboration contract has now 
been signed with CCH as a preparatory step towards the industrialisation 
of the SCK/CEN alloy fabrication technique. 

- Materials Performance in fast neutron reactors 

The beginning of life behaviour of nixed-oxide fuel pins in a fast 
neutron environment is being studied in the "Farfadet" (Fast reactor 
fuel analysis and design test) irradiation experiments performed in BR2. 
Non-destructive analysis of the first two pins after 16 days of 
irradiation confirmed that the thermal behaviour in a fast reactor 
environment could be reproduced in the Farfadet irradiation configura
tion. Severe mechanical fuel-cladding interaction was observed for all 
low-density fuels pins. Fuel cladding irradiation continue in different 
European fast neutron reactors and are co-ordinated on European scale. 

- Materials for fusion reactors 

As part o* the European fusion technology programme two major materials 
problem areas are being studied : the effect of neutron irradiation on 
the mechanical properties of candidate first wall materials, and the 
compatibility of both solid and liquid breeder materials with candidate 
containment materials. 
The effect of neutron irradiation on the mechanical properties pf copper 
alloys, which are candidate heat sink materials for the divertor, was 
evaluated on the basis of irradiation at 150° C and 300° C inBR2. It 
was found that the strengthening effect of cold working on these mate
rials was not preserved after long time exposure at moderate temper
atures and that even low irradiation doses caused severe embrittlement. 
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Effect of irradiation on the tensile and impact properties of the 
European reference austenitic and martensitic steels has been evaluated 
with dumny materials irradiated in the first Fafuna (fatigue of fusion 
materials) rig in BRZ. 
A fatigue crack growth Monitoring device has been developed and cali
brated with AISI 316 specimens. The tensile and fatigue Measurement 
equipment has been adapted to tests on brittle refractory alloys, which 
are the primary candidate divertor materials. 
Corrosion and mass transfer in the liquid lithium and lithium-lead 
candidate breeder environments have been quantified as a function of 
geometrical and operational parameters of the dynamic systems in which 
the tests were performed. Based en results obtained in forced 
convection and natural convection loops, in operation for several years 
in the Technology Department, it could be concluded that the liquid 
metal flow conditions (laminar, turbulent or disturbed) and the mean 
concentration of the corroding element in the liquid metal are the 
predominant parameters determining the corrosion and mass transfer 
rates. 

- Materials performance in various aggresive environments 

High temperature corrosion tests have been performed in synthetic gas 
atmospheres typical of coal gasification plants. A few alloys could be 
identified displaying low weight losses and little internal sulphidation 
at temperatures up to 800° C. 
A material test programme has been initiated to identify the most 
suitable material for a high temperature heat recuperator to be in
stalled in the high temperature slagging incinerator developed by the 
Waste Treatment and Disposal Department. 
An existing water characterization and materials test station has been 
adapted to serve in a 3-year geothermal well corrosion test at Turnhout, 
where a thermal power station is connected to an aquifer extending over 
a relatively large area. 

- Fracture mechanics 

The fracture mechanics laboratory has been equipped further. Fully 
instrumented and computerized impact testers with capacities of 50 and 
350 joules are in operation. 

- Plasma spray coating 

Metallic and ceramic graded coatings have been applied for providing 
corrosion protection in aggressive high temperature environments. 
Quality control equipment for testing the adhesion of the deposited 
layers has been installed. The equipment 1s now operational. 
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3. CERAMIC RESEARCH - A.J. Flipot 

- Fabrication and characterization of solid breeder Materials for fusion 
reactors 

The influence of the fabrication parameters on the characteristics of 
lithium silicate pellets has been implemented by the use of a precip
itated silica powder with a high specific surface area and a relatively 
high apparent density. This is advantageous for a large scale fabrica
tion. This batch has been contaminated with an appreciable amount of 
fluorine. Though concentrated, the silica-lithium carbonate suspensions 
had a low viscosity and led to high sinterable lithium metasilicate 
powders. The sinterability of the calcined product is affected by the 
concentration of the suspensions. It has also been experienced that a 
fluorine contamination is not eliminated by the fabrication process. 
This confirms previous results obtained with pyrogenic silica. Fluoiine 
can only be reduced to acceptable levels in low-density pellets. With 
high-density pellets the contamination remains above 100 ppm. It is 
therefore necessary to use fluorine-free raw materials. A chlorine 
contamination is less difficult to eliminate. 
As already mentioned considering other batches, the sintering tempera
ture is the main factor controlling the grain size. Nevertheless, the 
characteristics of the raw materials also influence t,rain growth in 
pellets sintered above 850° C. The grain shape is also affected by the 
silicate properties : this new type of precipitated silica gives a re-
crystallized structure with few elongated small crystals, whereas the 
pyrogenic quality generated many elongated large crystals. As far as 
the porosity is concerned, the present results confirm that the fraction 
of open pores is not affected by the orthosilicate concentration nor by 
the sintering temperature up to 900° C. Nevertheless, the percentage 
and size of open pores are different when using pyrogenic or precipi
tated silica. Recrystallyzation conditions are also different for these 
two silica types. The investigation about the influence of the raw 
materials characteristics and fabrication conditions on the pellet char
acteristics will be pursued in order to obtain low and medium density 
lithium metasilicate pellets with different grain size and open porosity 
characteristics. Low-density pellets should be obtained by adapting the 
basic fabrication route developed for high-density pellets. 
As lithium metazirconate is also a promising ceramic breeder candidate, 
some efforts have been devoted to gather some knowledge on this 
compound. The first experiments show that the experience gained in the 
fabrication of lithium metasilicate was very useful : it has. already 
been possible to synthesize a sinterable powder starting from lithium 
carbonate and zirconium oxide. Pellets have been cold pelletlzed and 
sintered to 93 % T.D.. Surprisingly such pellets have been still an 
extended open porosity with a mean pore diameter of 0.3 urn, which 
suggests a good tritium release capability. The study v 11 be pursued 
in order to irradiate pellets as soon as possible. 
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- Irradiations 

Sone data about the EXOTIC I and II irradiation performed in the KFR 
reactor in Petten are reported as well as preliminary results of the 
in-pile tritiun release Measurements. They have, of course, to be com
pleted and confined by post-irradiation examinations. The pellets' 
characteristics fabricated for EXOTIC III and irradiated in the mean
time, are alsp mentioned. Other experiments will be carried out in the 
KNK II and Osiris reactors in order to compare the effects of thermal 
and fast neutron fluxes on tritium release. Different lithium silicate 
and zirconate batches will be prepared and characterized before the end 
of the year. 

- Engineering ceramics 

Host of the work was carried out under contract with industry. Com
mercial silicon nitride powders fabricated via different routes were 
characterized. Injection moulding experiments performed with a sin-
terable quality obtained by nitridation of silicon show that a binder 
formulation, convenient for moulding silicon powders, cannot be used as 
such and has to be adapted to the pcwder quality. Sintering experiments 
performed with this sinterable silicon nitride powder showed the impor
tance of powder milling after having admixing the sintering aids, the 
effect of small impurity concentrations in the powders and the necessity 
of using the powdtr-bed technique. It is recommended to use silicon 
nitride balls to mill the powders in order to avoid contamination. 
Extrusion of silicon carbide tubes has been further studies, 
using water-soluble polymers as plasticizer and lubricant. The control 
of the residual water content in the dried slurry is important for the 
flow properties of the system. The transition from plastic to non-
plastic behaviour as a function of the water content is indeed very 
sharp. Future efforts will therefore be focused on finding and testing 
suitable wetting and/or water retention agents. 
Cold isostatic pressing has been applied in different programmes. The 
compacted green bodies have a sufficient strength to be machined. 
A hot Isostatic press was ordered. Some help has been given to the 
manufacturer to develop an adapted software. Final reception tests are 
being carried out. The installation should be delivered soon. 

4. NUCLEAR CHEMISTRY - R. De Regge 

- Tritium research in Thermonuclear Fusion 

A mock-up capillary electrolysis cell at a 1:4 scale achieved 7000 hours 
of operation, while a similar cell at the 1:1 scale has now accumulated 
more than 3000 hours. Further tests of the cells ought to be done 
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under anive conditions but the considerable investment costs involved 
and the possible alternatives offered in French laboratories may influ
ence the final decision. 

- Metrology of radionuclides 

In the framework of international standardisation programmes, SCK/CEN 
participated to the calibration of a Cd-109 solution and reassessement 
of its decay data. Similar work is now continuing on 1-125. 

- Radiochemical analyses and services 

Bumup determinations and measurements on consumable neutron poisons 
have been carried out in the fraiiework of post-irradiation research for 
Belgian and foreign contractors. 
Results at present obtained on the characterisation of uranium ore by 
combined neutron activation analysis and mass spectrometric techniques 
show an homogeneity of 0.3 X and certify the value to a precision of 3 
X at a uranium contration level of 700 ppm. 
A non-destructive assay technique for the measurement of plutonium in 
FLK incinerator granulate gas been calibrated by thorough destructive 
analysis of this conditioned waste. Inhomogeneity of the granulate has 
only been found at the level of gram samples. 

- Separation of tritium from aqueous effluents 

The two components of the installation have been separately tested. 
The electrolyser has been tested at its minimal hydrogen production 
level of 8 Nm3 per hour. In the catalytic exchange column decontami
nation factors of respectively about 400 and 34 in the enrichment and 
stripping sections have been measured. The design parameters have 
been attained or exceeded in the column tests. A serious explosion due 
to accumulation of hydrogen in the ventilation ducts destroyed part of 
the pilot facility. 

- Conditioning of cladding waste 

The running contract has been terminated by cold demonstrations of 
cladding waste conditioning in mock-up hot cell conditions. A new 
contract has been granted by the CEC covering the active demonstra
tion of the technique using real cladding waste produced by WAK 
(FRG). The tests will be carried out in the HERMES installation. 

- Recovery of highly enriched uranium from irradiation targets 

After maintenance and repair works in the hot cell an analytical cam
paign has been carried out to better understand the factors affecting 
the uranium material balance and to identify the source of the discrep-
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ancies with respect to the quantities specified by the client. The 
recovery of uranium amounts to a typical 97 percent of the quantity in 
the clarified dissclver solution. The losses are due to sampling (1.1 
t), extraction wastes (0.6 X) and final purification steps (1.1 X). 

- Geologic disposal in clay. Experimental investigation 

Corrosion loops working at different temperatures, piezometers, water 
sampling probes and radionuclide migration probes have been installed. 
A synthesis of the various geomechanical tests made on clay samples has 
been carried out. New attempts have been made to model the clay 
behaviour in bore-holes using parameters obtained from those tests. Two 
Glötzl cells measuring directional stress distributions in the clay have 
been installed. 
Specially designed piezometers have been installed to measure hydraulic 
pressure gradients in the clay. The disturbance created by the labora
tory Itself is much larger than reviously assumed. Simulations with 
the NEWSAM model and using diffèreitial permeabilities corresponding to 
the characteristics of the real construction materials provide results 
which are much more in agreement with the field observations. Car-
bon-14 data thus far obtained are consistent with the assumed model 
but need further validation. 
Preliminary tracer experiments installed into the clay using Eu-152 
yielded results which allow further dimensioning and design of useful 
migration tests in situ. The exact parameters of the mobile phase and 
the porosity in the clay still remain to be determined. Diffusion tests 
on consolidated clay have been set-up in the laboratory for this pur
pose. 
Clay samples irradiated up to 1 MGray still show satisfactory retention 
of plutonium and trivalent elements and surprisingly, also of 
technetium. 

- Performance and safety assessment of geological disposal 

Probabilistic performance assessment calculations have been made using 
the LISASCK-code. Expectation values have been obtained but are 
very sensitive to the presence of a few high dose scenarios in the 
group. The sensitivity of the calculations to the input parameters has 
been determinated by statistical techniques. Most Influential are the 
effective clay tlckness, the Darcy velocity and the hydraulic gradient. 
The retardation factors for the radionuclides arp important when their 
Isotopes contribute s1gnif1c:r.tly to the total dose. 

- Demonstration and pilot facility 

The design of the test drift (phase 1 of the pilot facility) has been 
completed and led to a few changes with respect to the former version, 
particularly on the dimensions of the building blocks, the number and 
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size of access ports to the clay and the connecting chambers to the 
laboratory. A possible extension for testing alternative lining con
cepts is negociated with ANDRA. 

- Shallow-land burial of low-level waste 

The methodology developed for the assessment cf a shallow-land burial 
s u e has been applied to thj specific site of Mol-Dessel. A performance 
analysis exercise has been carried out considering the effects of a 
contaminated well at 1200 m distance away from the burial site. 

5. CHEMICAL ENGINEERING - W.R.A. Goossens 

- Applied Physico-chemistry 

The liquid permeation method has been evaluated concerning its ability 
to characterize the pore structure in the skin of a membrane. 
Comparing experimental results with predicted pore sizes revealed that a 
majority of the pores in the membranes tested can be considered to be of 
cylindrical structure. 
The ultrafiltration properties of our inorganic loaded polysulfone tizz-
branes were further examined in a recently acquired cross-flow cell. 
The membranes showed an Improved compression resistance in comparison 
with a commercial reference membrane. The presence of Inorganic 
material appeared to influence the crystallisation process during the 
manufacturing of the membrane. Nen<*e. the pore size distribution 
becomes more narrow at high Inorganic content allowing a sharper 
cut-off. The polymer content In the dope during the crystallisation 
determines the pore size and the related cut-off of the membrane. 
Experimentally, a critical minimal cut-off of 1,500 Dalton was deter
mined for our polysjlfone membranes. The separation of mono- and 
dissaccharides necessitates the development of another polymer matrix. 
For the immobilisation of bio-active species, several types of Teflon 
and porous filler materials have been tested in the membrane manufac
turing process based on the patented cold-rolling technique. Opti
misation of this manufacture is continuing for Immunological appli
cation. 
The preparation of zirconium oxide PTFE diaphragms for chlor-alkall 
electrolysis is being scaled up in co-operation with ind-jstry. Two 
production campaigns of membranes aid electrodes for two 120 cell-
alkaline water tïlectrolysers have been successfully considered. The 
production drop-out could be reduced to 10 %. 

- Separation techniques 

The chemical composition of various samples of sludge from the Ghent-
Terneuzen canal has been compared with European and international thres-
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hold values and with the properties of other sludges. The physical 
characterization is made by photosedimentography and a viscosimetry. 
Small technical laboratory equipment has been purchased to study the 
critical fractionation steps of this canal sludge ; the possible indus
trial treatment schemes are being assessed. 
The multi-ejector venturi, as a submicronic aerosol filtration device, 
has been scaled up. The 100 m3 h - 1 unit has been installed in industry 
where the initial short runs have confirmed its excellent performance. 

- Process technology 

In a final reception campaign, different coal fractions were burned in 
the small quartz-metal fluidized bed conbustor for 1 kg coal batches. 
This experimental investigation has been delayed in favour of on-line 
measurements in the off-gas of the 40 MWth demonstration (Atmospheric 
Fluidized Bed Combustion Unit) AFBC-unit retrofitted in the boiler 
system of KS Berir.gen. Preliminary information on the erosive and 
corrosive nature of the off-gases of this combustor provided valuable 
suggestions for construction material research and for the on site 
operation team. Further on, a materials test rig for AFBC-gasification 
has been designed. 
All process data of a waste incinerator with a nominal through-put of 2 
x 8 ton municipal waste h"1 were collected during several days operation 
in order to determine the mass and energy balance of its important 
parts. The environmental impact of this incinerator was also experi
mentally assessed. 
The incineration of acid tar has been studied in a spout fluidized bed 
and in a quartz fluidized bad on a small scale. This acid tar appeared 
to burn in these units under environmentally acceptable conditions, 
taking into account the sulphur retention by the injected limestone. 
The fluidized bed incineration also appeared promising for the combus
tion of radioactive contaminated tri butyl phosphate liquids. 
The charging and discharging phenomena of dispersion electrodes have 
been quantitatively investigated ; electrochemical etching by this tech
nique appears feasible. 
A first experimental campaign on n e corrosion behaviour of metallic and 
ceramic test specimens in the off-gas of an aluminium remelting furnace, 
has beei completed. An International consortium is being set up for 
the development of heat exchanger components 1 > similar aggressive 
environments. 

- Process engineering 

The utilisation of the combustible fraction of municipal solid waste for 
process heat product1 un 1s being assessed. Its Industrial attrac
tiveness has been evaluated for two specific cases. 
The purification Une has been designed for the gaseous effluents from 
the new waste Incinerator HAWAI. The three principal functions of this 
off-gas treatment Une are : gas-cool1ng, dust filtration and gas-wash-
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Ing. The necessary units have been dimensioned on the basis of an 
over-all exercise where heat and mass balances were calculated for each 
stage of the gas purification line and for different possible flow
sheets . 
In the frame work of a general environmental Impact study, the process 
engineering of a chlorine unloading, storage and evaporation facility 
has been carried out to determine the environmentally Important source 
terms. 

6. BIOLOGY - J.R. Maisin 

- Short and long term effects of Ionizing radiation 

The major goals of the investigations carried out on short and long term 

effects of Ionizing radiation, are the determination of the short term 
radiosensitivity of plants and mammals and the long term effects on the 
tissulor, cellular and molecular levels particularly the carcinogenic 
and non carcinogenic effects of radiation. 
The radiosensitivity of brains of rat embryos to X ray radiation seems 
to be much higher than reported up to now in literature. 
The viral induced leukemia mechanism has been unraveled and consists 
of an activation of a cellular gene by adjacent insertion of retroviral 
sequences. From this discovery it may be possible in the future to 
disclose the radiation induced leukemia mechanism. 

- Genetic effects of radiation 

In the studies on the genetic effects of ionizing radiation the majority 
of our activity has been devoted to the study of the chromosome aber
ration produced in human somatic cells. These studies are performed in 
order to get models of human lymphocytes in the case of accidental 
exposure such as in Chernobyl. 
Irradiations of human lymphocytes by ™ C o at moderately low doses show a 
linear quadratic dose response. The frequency of the chromosome aber
ration may be used as a biological indicator of the absorbed radiation 
dose. Comparison of in vitro with 1n vivo tests have shown that 1n 
vitro calibration curves can be utilized with confidence to estimate an 
in vivo absorbed dose. 

- Toxicity of Radionuclides 

Detoxification studies are carried out on excretion or decorporatlon of 
Z26Ra and z**Am in mice. Alginate therapy can effectively reduce the 
skeletal burden of Ra, Sr and Ba. The administration of Zn-DTPA (a 
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complexing agent) increases the removal rate of these alpha emitters. 

Studies undertaken on the toxicity of technetium in rats have shown that 
amounts in excess of 10 ug/g are required to cause damage. "Tc does 
not appear to possess marked chemical toxicity in mammals and its 
radiological toxicity is low. 
Investigations on the transfer of tritium from food to mammals and their 
offsprings were carried out in detail on a sow. Organically bound 
tritium was highest in blood and lower than average in bone. The 
biological half life of tritium ir parenchymal organs amounts to 10 days 
at the beginning and gradually grows to 40 days. 

- Radioactive contamination of the environment 

Technetium has been found to be metabolized by marine organisms and 
displays concentration factors up to 50,000. 
A comparative study was conducted on the continental water basins of 
the Meuse and Rhone rivers in a joint programme with CEA-Cadarache. A 
dispersion prediction model developed for the Rhone river provided 
valuable results when applied to the Meuse river. The transfer of 
Iodine (l.ll) and Cesium (134, 137) radiocontamination from the Chernobyl 
fall-out was studied between grass, sheep milk and cow milk. The 
effective biological half life of 131I was found to be 4.3 days. 

- Non radioactive contamination 

A physico-chemical monitoring programme on water quality was carried 
out in belgian oligotrophic lakes which showed pH values as low as 3, 
and AI concentrations as high as 8 mg/1. Acid rain and metabolitic 
products from NH3 fertilizer compounds are the most apparent 
acidification agents. 
The influence of these acid stress conditions were studied on cat fish 
and other species. A new study 1s being started on the metabolism of 
transuranic elements in freshwater crustaceans. 

- Biotechnology 

Fundamental research was carried out on the genetics of Alcali genes 
entrophus C34 in order to understand the mechanism responsible for the 
resistance against some selected toxic elements e.g. N1 + +, Zn++» Cd++, 
Co + + and Hg . Plasmid mutants sensitive to heavy metals have been 
Identified and the mechanisms of temperature revealed mutagenesis, have 
been deciphered. 
Based on the fundamental genetic knowledge a so called "biosensor" 
device 1s being developed. It comprises a biological material immobi
lized in Intimate contact with a suitable transducer which converts the 
biochemical signal Into a quantifiable electrical signal. 
Genetic manipulation with plants have been continued by experimenting 
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on plasmti induced transformations in Arabidopsis thaliana > id Phleum 
pratense. The integration of plasmid DNA into germitating barley seeds 
has been suggested by electrophoretic mobility measurements. 
Different systems were assayed to allow a selection of drug esistance 
among partially transformed plants. 

- Biomedical research and toxicology 

A research programme dealing with correlations between t*"» hormone 
receptor levels in human tumors and other prognostic factors, :s carried 
out in collaboration with clinical oncologists. 
Studies concerning the effects of chemically relevant cotrp>unds and 
their metabolites on the thyroid hormone receptors are being performed 
in co-operation with a pharmaceutical company. Several new compounds 
have been tested on their acu*e toxicity and short time genotoxicity. 

7. NUCLEAR METROLOGY - M. Nève de Mévergnies 

In the field of Radiation Dosimetry and Control, the department made an 
essential contribution to the measurement of radioactive fall-out follow
ing the Chernobyl reactor accident which occurred in the U.S.S.R. on 
April 26. Air monitoring detected a first increase of activity about 6 
days later, i.e. during the night of May 1st to 2nd, followed by a 
sharp peak on May 2nd at noon and a subsequent fairly rapid decrease. 
In close collaboration with the Radietion Control Department, a very 
large number of alpha, beta and gamma measurements was performed on 
samples of air, dust, rain-water, surface water, soil, grass, milk and 
vegetables. Part of these were performed on explicit demand of the 
governmental authorities. This special series of measurements was 
continued with a decreasing frequency up to the end of June. Parallel 
to this, the other routine dosimetry and control measurements were 
continued, mostly on request of the Radiation Control and Biology 
Departments of SCK/CEN. 

In Nuclear Physics, the programme 1n neutron spectrometry has In
cluded some additional measurements of the L^ci nc^E h a , n^ cross-section 
above 10 MeV and transmission measurements on 5°»60>B1Ni between 200 kev 
and 40 MeV and on 28Si up to 2.75 MeV. These data are requested to 
improve fission and fusion reactor calculations. More fundamental 
studies have included the 41Ca (n, alrna) "Ar reaction 1n the resonance 
region. In fission physics, the high accuracy neutron cross-section 
measurements on Z 3 5U below 10 meV wer«; continued, and new results were 
obtained in the study of fragment mass and ene,gy distribution 1n the 
neutron Induced fission of ^**Pu, and of triton and alpha emission 1n 
the neutron Induced ternary fission of ^ A m and 243Am. In nuclear 
spectroscopy, fundamental nuclear spectroscopic studies have further 
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been performed in close association with K.U.Leuven and U.L.Bruxelles. 
The analysis of '5As (n, gamma) 76As and 164Dy (n, gamma) "^Dy reac
tions was continued, and in close association with the University of 
Gottingen first results on phcton scattering by 2 0 9Bi, using the 
neutron-capture photon source at zhe TB through-hole of the BR2 reactor, 
were obtained. 

In the field of Inelastic Scattering of Slow Neut-ons, some technical 
improvements to the choppers of the MIBEMOL timo-of-flight spectro
meter at the ORPHEE reactor in Saclay were carried out. The analysis 
of the measurements on reorientational motions of the NH4 group in 
ammonium nitrate and on periodic and random motions of hydrogen in 
copper hydridp CuH gave interesting results. 

In Safeguards, the study of the optimization of safeguards measures in 
mixed oxide fuel fabrication plants, performed under contract with JRC 
Ispra, were pursued. A series of laboratory measurements was carried 
out at JRC Ispra in view of the application of the new "Phonid" interro
gation device for U-Waste assessment, and further measurements of as 
well unirradiated as irradiated fuel elements with improved passive and 
active detectors were performed, some of them in close association with 
the Tihange Nuclear Power Station. The applicability of high resolution 
gamma-ray spectroscopy to the non-destructive measurement of the 
isotopic composition of Pu samples has further been studied under 
contract with CBNM (JRC-Geel). 

8. ANALYTICAL CHEMISTRY - F.M. Lievens 

- Mineral analysis 

Many R&D programmes of the SCK/CEN need chemical analyses for their 
completion. The amount of work performed by the section of mineral 
chemical analysis has been particularly important in : 

- the radioactive waste treatment, 
- the reactor water surveillance, 
- the oxide dispersion strengthened ferritic steel, 
- the reactor vessel surveillance, 
- the support to industry, 
- the certification of reference materials. 

For the period January to June 1986, 9431 determinations on 2836 
samples have been carried out. Development and adaptations of analyti
cal procedures were made for : 

- the surveillance of reactor vessels, 
- the chemical characterization of waste effluents, 
- the determinations of thiourea in electro-plating baths, 
- the Isotopic analysis of gadolinium 1n Irradiated fuel, 
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- the accurate mass spectrometry measurements of " a U at the 10 ppm 
level, 

- the analysis of trace heavy metals collected on glass fiber filters. 

- Organic analysis 

On special request by OVAM some 550 samples were characterized during 
the first six months of the year. These samples are liquid solid 
wastes. 
Soil and water samples were analysed in relation to waste repository 
reorganization. Off gasses from waste incineration studies were ana
lysed for remaining organics. 
Recommended methods of analysis were elaborated for chlorinated hydro
carbons in waste samples. 
For the Bureau Communautaire de Référence contract work was carried 
out on : 

- surveillance and distribution of reference gasses, 
- development for measurement of SO2 in reference gasses, 
- purity assessment of several synthesized organic compounds, 
- homogeneity control of organic compounds, 
- certification of the organic compounds as reference materials, 
- participation in a ring test for isomer specific analysis on 

polychlorodibenzo(P)dioxine. 
The analytical support to SCK/CEN programmes and to industry needed 
some 6900 determinations to be carried out on 431 samples. 

- Non nuclear environmental research and measurement 

Due to changing policy of the CEN/SCK, under pressure of the finan
cial situation, the priority has been given to the service of external 
parties, while basic and applied research activities are reduced to a 
low level. 
During the past period 16 studies related to environmental protection 
have been elaborated under contract with private industry. Since the 
results are property of the contractor, only generic description of 
typical studies are given. 
In January of this year an important contract was signed with the 
Banias Refinery Co. For this work all necessary Instrumentation has 
been purchased or manufactured by the CEN/SCK. 
For tracer atmospheric experiments a dual tracer technique has been 
developed. For aerosol and gas specific measurements a sampling 
technique based on diffusion was tested. 
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1.1 PHOTOVOLTAIC CONVERSION OF SOLAR ENERGY 

P. Nagels, I. de Ruijter, J. Smeets, M. Van 
Roy, D. Willem 

1.1.1 Preparation of amorphous silicon films 

In the previous progress report (BLG 584) it 
was reported that the construction of reaction 
chambers for the fabrication of amorphous 
silicon films was carried out. In the newly 
constructed reactors experiments were started 
to optimize the deposition conditions of 
amorphous silicon (a-Si:H) films . An important 
requirement was a good uniformity in thickness 
of the films over the total area of the 
substrate electrode U 20 cm). During these 
experiments, the rf power was fixed at 10 W and 
the substrate temperature at 250 °C. A uniform 
film thickness (less than 10 X variation) was 
obtained by adjusting electrode distance, gas 
flow and pressure. The deposition rate was in 
the order of 100 A/min. Films were studied 
using the normal optical and electrical 
measurements. Results agree with those obtained 
for films deposited in the small reactor 
system. 

1.1.2 Amorphous silicon solar cells 

The development of heterojunctions of the type 
glass Sn02/p

+ a-SiC/i a-Si/n+ a-Si/Al was 
continued. The performance of the solar cells 
was investigated as a function of the compo
sition of the p+-type SiC layer. In a previous 
report (BLG 582), we found that the optimum 
methane-si lane gas ratio was 0.7 â 0.8. As a 
next step, we investigated the influence of the 
doping of tht p+ SiC layer on the cell charac
teristics. During these experiments, the 
diborane gas concentration was varied between 
0.1 S and 1 %. So far, the best results were 
achieved for a concentration of 0.3 % â 0.5 %. 
Normally, it could be expected that the higher 
diborane concentrations (1 t or more) would be 
favourable for the cell characteristics. Our 
results suggest that the p+-layer influences 
the quality of the intrinsic îayer, which is 
the photovoltaic active layer of the cell. 
Using a single-chamoer deposition apparatus, 1t 
can be expected that the constituent elements 
of the p-layer (boron and carbon atoms) may be 
inevitably included into the i-layer, since a 
p+ a-S1C layer was deposited on the chamber 
wall and electrodes. Further experiments will 
be performed in a near future using also SIMS 
and measurements of the collection efficiency. 

By optimizing the deposition conditions, we 
achieved an efficiency of 6.5 %. In the newly 
constructed reactors, first trials gave a 
photovoltaic efficiency of 6 %. 

1.1.3 Curve fitting for amorphous silicon solar 
cells 

In order to improve the performance and to 
optimize the design of thin film amorphous 
silicon solar cells, it is necessary to 
correlate basic physical parameters of the cell 
to actual cell fabrication conditions. Computer 
simulation, starting from the fundamental 
formulas, can be an important technique to 
understand the details of the photovoltaic 
conversion mechanism, but is not always 
suitable to analyse individual cells. The only 
technique which is us?d for analysing and 
evaluating a-Si:H solar cells is based on a 
careful examination of the bias dependence of 
the carrier collection efficiency spectrum. But 
this analysis is time consuming since it 
requires measurement of the photocurrent as a 
function of bias voltage and wavelength. 
Therefore, a new phenomenological model for 
fitting a-S1:H solar cell I-V (current-voltage) 
characteristics was developed. 

The single-diode model is commonly used for 
fitting the I-V characteristics of crystalline 
silicon solar cells. This model incorporates a 
constant (voltage independent) photocurrent 
source Iph in parallel with a diode together 
with its shunt and series resisti ces Rsn and 
Rs. The I-V equation is given by: 

I=-Iph+(V-IRS/Rsh)+I0 exp[(q/nkT)(V-IRs)]-I0 

where n is the ideality factor and I„ the 
reverse bias saturation current. This model, 
however, is not valid for fitting I-V charac
teristics of a-S1:H solar cells, where the 
carrier collection efficiency varies with 
applied bias voltage. 

The photovoltaic performance of an a-S1:H solar 
cell is essentially dominated by the mobility-
lifetime product (UT) of photogenerated 
carriers and by the properties of the 
interfaces between the layers composing the 
cell, as described by the "variable minority 
carrier transport model". Using a simplifi
cation of this model (weak absorption and no 
surface recombination), it can be derived that 
the photocurrent 1s given by: 

Iph.qGlc [l-exp(-l/lc)] 

with G * generation rate, 1 » thickness of the 
1-layer, 1 * UTE, UT * Mnxn+u„TD (n: elet 
trons, p: holes), E»(Vb-Va)/1 » electric f ie ld , 
Va » applied bias voltage and VD * built-in 
potential. 

For the higher absorption region the collection 
efficiency is dominated by unTn/u_Tp and the 
front side surface recombination factor s. The 
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photocurrent in this region is dominated by an 
expression of the form: 

l-oexp(-qExc/kBT) with n*fi/(S+E) 

where xc is a parameter correlated with 

•WVf 
Therefore, we propose a new phenpnenological 
mo^ol where the photocurrent is given by: 

rp[,
sqGlc [l-flexp(-qExc/kBT)] Cl-exp(-l/lc)] 

This model gives an excellent fit (better than 
0.5 X) for the I-V characteristics in the 3rd, 
4th and 1st quadrant (see Fig. 1.1.3). The 
values of I0 and n correspond fairly well with 
those obtained from a (V,,., log Isc) plot. 
Values of R$ and Vb agree with those obtained 
in the high injection region. The values of S 
and UT correspond with those obtained by other 
authors. A study on the comparison between S, 
MT and xc and values obtained for unTn, u_Tp, 
Sn and Sp from analysing the voltage dependence 
of the collection efficiency, is in progress. 

Model calculations have been carried out to 
investigate the influence of the parameters S, 
UT and xç on the photovoltaic performance of 
a-S1:H cells. They agree fairly well with those 
obtained from computer simulations. It may be 
concluded that this model is very useful for 
analysing solar cells and optimizing their 
performances. 

Io 

I 

a \ 

\ I ' 
c .̂ \ --••"•••. li 
b \ 
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FIG. 1.1.3 Error current versus voltage for a 
typical I-V characteristic. 
a) Single diode model for c-Si cells 
b) Model proposed by Faughan and Crandall 

(Appl. Phys. Lett. 44, 537 (1984)) 
c) Our model 

1.2 CHARACTERIZATION OF RADIO-ACTIVE HASTE 
FORMS 

The activities sub 1.2.2 and 1.2.3.1 are fully, 
and sub 1.2.3.2, 1.2.3.3 and 1.2.-.4 partly 
supported by contracts with NIRAS-ONORAF 
(National Agency for Radio-active Waste and 
Fuel). 

1.2.1 Basic studies 

P. Van Iseghem, W. Timmermans, R. De Batist, 
P. Delavignette, Du M a n Qing, A.D. Stalios 

1.2.1.1 Evaluation of a standard corrosion test 

In the corrosion experiments on waste glasses, 
the large variety of expérimental conditions 
(e.g. temperature, pressure, atmosphere, 
radiation) leads to the use of various kinds of 
corrosion containers: small-large; teflon-
stainless steel-platina. Therefore, a few 
standard MCC1 tests (90 °C, static distilled 
water, SA.V"1 = 10 m"1, t < 28 d) have been 
performed on HLW glass SAN6Ö2519L3C2 in three 
kinds of corrosion containers: two different 
teflon container designs, and one stainless 
steel container with inner teflon lining. 
Special attention has been paid to the 
tightness of the container, as expressed by the 
carbonate concentration in the leachate. It has 
been found that the design, as well as the 
mechanical closure of '.he container largely 
affect the carbonate csncentration in the 
solution (between 5 and 30 mgl"1); pH differ
ences of 1.3 were measured. As pH strongly 
influences the solubility of many glass 
components (e.g. Si, waste components), it is 
obvious that special care must b* jiven to the 
preparation of the corrosion '..icalner. 

1.2.1.2 Crystallization behaviour of a nuclear 
waste glass 

The crystallization behaviour of a ferri-
sllicate base glass (W6U9) referring to the 
operation of the FLK slagging incinerator has 
been studied following two approaches. The 
glass has a transition temperature of 550°C, 
and a crystallization temperature of 780°C. The 
crystals formed are of the pyroxene type, e.g. 
dlopside FeCaS120g. Crystallization kinetic, 
have been measured with non-1sothermal differ
ential thermal analysis (DTA), and the crystal 
morphology has been investigated by trans
mission electron microscopy (TEM) on iso
thermal ly annealed glass samples. The Johnson-
Mehl-Avram1 [ref. 1 ] equation has been used to 
describe the crystallization kinetics: 

X-l-expC-.'Kt)"] 
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where X is the fraction of Material crystal
lized at the tine t and n is the Avrami 
exponent, depending on the morphology of the 
crystallites. K has the dimension of a reaction 
rate, and follows an Armenian température 
dependence (K>K0exp[-Ea/RT]; 
activation energy). 

overal1 

Both the thermal activation en*rgy and the 
Avraai exponent have been determined from OTA. 
£a has been found to be 356 kJaol'*; n varies 
between 1.2 for low temperature heat treatments 
(600*C) and 0.87 for higher temperature heat 
treatments (700"C) Cref. 21 . This difference in 
n value, indicating different crystal mor
phologies, has been confirmed by TEN obser
vations (Fig. 1.2.1.2). Nearly equi-axed 
crystals developed at lower temperatures 
(600*C), while plate-like crystals formed at 
higher temperatures (700"C). These phenonena 
can not be clearly explained yet. A contri
bution to the solution of chis problem might be 
the MSssbauer spectroscopic observation (Dr. E. 
Oe Grave - Rijksuniversiteit Gent), that the 
iron coordination in the amorphous matrix 
changes with temperature; the amount of tetra-
hedrally iron increases with increasing 
temperature. 

1.2.1.3 Corrosion of HLW glass SAN60 
saturation conditions 

in 

Additional corrosion experiments have been 
performed on candidate HLW glass SAN602519L3C2, 
in corrosion-accelerating conditions of high 
temperature and high ratio of surface area to 
solution volume (SA.vJ). Powdered glass, 
yielding SA.V"1 * 4200 m"1, has been exposed at 
temperatures between 90 and 190°C to static 
distilled water for periods up to one year. In 
earlier 28 d experiments Cref. 33 it has been 
shown that surface crystallization developed at 

the glass-water interface at T > 150'C, causing 
certainly an increased glass dissolution. The 
present experiments indicate that this process 
is a thermally activated or.e: compare e.g. the 
"incubation" period of about one day (190*C) 
with 340 days (90"C) (Fig. 1.2.1.3). At all 
temperatures, analcime (NaAlSigOg.^) and 
gyrolite (Ca4(Si6015)(0H)2.3H20) are the main 
crystalline phases. Their generation reacti
vates glass dissolution. 

1 Z-2 Qualification of simulated nuclear waste 
forms 

P. Van I secern, U. Timmermans 

A comparison of LOGENA high level waste glass 
S0N681817LIC2Z1 with other candidate high level 
waste glasses, based on the short term (28 d) 
boron release in the KCC1 standard test (90*C, 
SA.V"1 = 10 m"1, static distilled water) is 
given in Fig. 1.2.2. The favourable perfc.wance 
is for a large part due to the relatively large 
A1 20 3 concentration, which strengthens the 
glass network. This conclusion has been con
firmed by surface analysis on corroded glass 
samples. 

Consideration of the whole corrosion test 
interval measured thus far suggests a three 
stage corrosion mechanism involving an initial 
matrix dissolution (< 14 d ) , a stage where no 
further leaching of the main glass components 
occurs (until 60 d) , and a f«na1 stage where 
leaching resumes. However, it is necessary to 
acquire more data points before concluding 
about the corrosion mechanisms for corrosion 
durations in excess of a few weeks. 

FIG. 1.2.1.2 Two types of crystal growth morphology after (a) 24 h at 610 °C, (b) 30 min at 700 °C 
(after annealing for 3 h at 550 °C), for waste glass WG119. The har denotes 1 pm. Note (a) 
nearly equl-axed crystals, (b) agglomeration of nearly two-dimensional plate-like crystals 
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FIG. 1..1.2 Comparison of the normalized boron 
releases (28 d, MCC1 test) for .arious 
candidate HLW forms; UK209 was proposed by the 
United Kingdom, C31-GP98/12 by the F.R. 
Germany, S0N58-S0N64-S0N68 by France, 
SAN60-5M58-SM513 for the Eurochemic HLW, and 
SRL131-PNL7668 by the US 

1.2.3 Characterization of simulated radio
active waste form; in view of geological 
disposal 

P. Van Iseghem, W. Timmermans, Du Li an Qing 

1.2.3.1 Corrosion of bltuminized reprocessing 
sludges and cemented hulls in clay media 

Corrosion experiments on both candidate waste 
forms in clay related media (distilled water, a 
clay-water mixture of 100 gl , and wet clay) 
for maximum two years are, at 25°C and for a 
maximum of two years on the way. Test durations 
until 30 weeks have been analysed. 

As much as 15 % of the Na inventory, and 5 * of 
the Co and N1 inventory have been leached after 
half a year from the bitumen. At the same time, 
a considerable amount of water is absorbed by 
the bitumen, inducing a net swelling (up to 
10 % compared with the Initial volume). The 
relative leachability of the various waste 
components is as follows: Na>K,Co,N1>Fe>Ba. The 
presence of clay 1n the leachate does not seem 
to alter the corrosion substantially. 
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The weight loss for the cemented hulls samples 
reaches up to 10 % after 32 weeks of corrosion 
(the dimensions of both cement and bitumen 
samples are about 10 cm •, 3 cm h). Again, the 
corrosion data suggest some water uptake. Other 
typical features are: the preferential cor
rosion of the inner metallic basket, which 
induces cracks in the outer cement, and the 
preferential dissolution of the - relatively 
porous - cement close to the hulls. 

1.2.3.2 Corrosion of nuclear waste glasses in 
clay media 

Results about the interaction between various 
waste glasses and clay media have been obtained 
for test durations of two years (test A). This 
test was performed on FLK type alpha waste 
glasses WG119-122-123-124, and HLW borosilicate 
glasses SAN60, SM58 and S0N68. A variety of 
clay to water ratio's have been used: 10 
("DÇWM"), 100 ("CUM"), 500 ("CCWM") and 2000 
gl-l (»«(;.•), In a second type of test (test B), 
special attention has been paid to the leaching 
in the various clay media of some matrix 
elements (Si, B, Ha, Li) from HLW waste glasses 
SM58 and S0N68. Both tests A and B have been 
performed at 90°C. 

The muss losses for most glass samples have 
been found to saturate after about six months 
of corrosion (in 0CWM, CWM or CCWM). The total 
amount of glass dissolved, which increases with 
increasing clay to water concentration, is 
therefore limited by the sorption capacity of 
the clay particles. 

The presence of clay, however, also alters the 
leaching mechanisms themselves - as shown for 
the highly soluble matrix element boron in Fig. 
1.2.3.2. The boron release into the solution 
(only a minor fraction is sorbed onto the clay) 
increases with increasing clay-to-water ratio. 
This different boron leaching may be induced by 
differences in the glass surfaces, such as 
different Na depletion depths. But, even this 
highly soluble element apparently reaches 
equilibrium concentrations, which moreover 
depend on the type of medium used: e.g. 4 
(distilled water), 35 (DCWM) and > 260 mgl"1 

(CCWM). This suggests that, within the time 
range studied thus far, surface layers are 
formed which Inhibit the sooner further 
leaching of soluble elements such as boron, the 
lower the clay concentration in solution is. 

1.2.3.3 Influence of an external Y radii ;1on 
field 

A third irradiation experiment has been 
performed, with an exposure time of 340 h. 
Waste glass samples have been included in some 
of the clay-water mixture (100 a1"M leachznts. 

tf-
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O O O O 

•^^^^JL 

«fan 

upon 
in 

FIG 1.2.3.2 Normalized boron releases 
corrosion of glass S0N681817 L ^ A o Z j 
various oxidizing media at 90 °C, 100 nf*. 
0 distilled water 
X diluted clay-water mixture (10 gl"1) 
4 concentrated clay-water mixture (500 gl"1) 

The gas generation in the blank solutions 
confirms previous observations: all oxygen is 
consumed, and considerable amounts of H 2 and 
CO2 are produced. The increase in gas pressure 
remains below 0.1 MPa. The pH of the solution 
rapidly drops from 9.5 to values as low as 7.4, 

, Increases to increase again 
(anoxic condition) 
dition). 

afterwards. 
or decreases "(oxic con-

The corrosion of the waste glasses (HLW glasses 
SAN60, SM513 and S0N68), as measured by the 
mass loss, is slightly enhanced upon 
irradiation (factor of x 1.5). 

1.2.3.4 In situ tests 

All four tubes designed for the interaction 
experiments between canister or waste form and 
clay derived atmosphere have been Installed. 
They include the porous steel filters 1n the 
lower 0.8 m section. The inner section with 
the heater elements and the sample holders will 
be introduced in the second hoir of 1986. 

An average pore water flux of 55 ml m'^d"1 has 
been measured during a four months period; the 
porous steel filters fixed inside the host 
clay. 
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1.3 META'. PHYSICS 

Superconductivity and thermo-elastic-plastic 
effects are the main physical properties of 
metals and metallic alloys that have been 
in- stigated during the period considered. 

1.3.1 Superconducti vi ty 

A. Van den Bosch, J. Cornelis, N. Maene, 
F. Biermans 

In three main fields of superconductivity the 
performances of the measurements have been 
improved, i.e. 1) the measurements of critical 
currents in wires; 2) the characterization of 
the behaviour of magnets; and 3) the measure
ments of the magnetic fields. 

1.3.1.1 Short-sample critical currents 

The data, taken on a copper stabilized "bronze 
route" NbjSn 6156 filament wire, have been 
analysed in detail for a round robin critical 
current test. The results have been presented, 
in 8NL, at the workshop of the International 
Committee for Future Accelerators [ref. 1]. 

Besides critical current values, the study also 
yielded, the following results: 
- The inductance of the sample was measured to 
be 1.34 uH, in good agreement with the value 
estimated from the geometrical configuration. 

- The resistance of the connections of the 
superconductor to the leads was measured to 
be 0.045 un. 

- The limit of the heat conduction between the 
sample and the liquid helium has been 
revealed in the quench experiment. 

In the latter experiment, the sample current Is 

increases, for a certain magnetic induction 
field, from 0 to above the critical current 
value Tc. As long as Is 1s smaller than Ic the 
sample resistance is zero. No heat 1s generated 
in the wire. When I$ exceeds Ic the sample 
quenches, i.e. part of the sample becomes 
normal. The larger part of the circuit current 
then flows through the sample protecting shunt. 
A smaller part of the current keeps flowing 
through the sample. The sample current, 
although smaller than I., generates Joule 

heating in the "normal" part of the sample 
keeping this at a temperature above T c. The 
temperature, as read by the carbon glass 
resistor, does not show the quench. The ther
mometer, which is mounted on the sample holder, 
is reproducible to 0.02 K and measures the 
increase of the boiling point of the liquid 
helium under the increased pressure, due to 
Joule heating in the leads. The température 
difference, between the thermometer and the 
liquid helium, is much smaller than the tem
perature difference between the sample and the 
bath. 

The thermal effects in the sample should be 
taken into account when the voltage evolution 
would be related to filament geometry in a 
superconducting multifilansntary wire carrying 
high current densities. 

1.3.1.2 Superconducting magnets 

A nominal 8 tesla superconducting magnet, M2, 
has been built. It is the twin version of Ml, 
the magnet which formerly had been realized for 
research work in the context of the association 
of our Institute with the K.U. Leuven. 

The characteristics of both magnets appear to 
be very similar, as may be derived frjm the 
data given in Table 1.3.1.2. 

TABLE 1.3.1.2 Magnet characteristics 

Ml M2 
Pc(mT/A) 40.132 40.355 
IQ(A) 219.51 218.91 
EJL(V) 0.071914 0.072108 
BqfJ) 8.820 8.834 
C»(EHQ/B.)(mV/T) 8.153 8.162 
C f M j / C ^ ) 0.9989 

Pc represents the proportionality constant 
between the maximum field 1n and along the 
magnet axis, as calculated following reference 
[2], and the magnet current. The main assump
tions thereby are: 1) no hysteresis; and 2) a 
homogeneous distribution of the windings in the 
colls, the outer dimensions of which have been 
measured. The Hall voltage EH„ is the value 
measured at Iq, the maximum magnet current 
measured just before occurrence of the quench. 
The quench field B q 1s the value calculated by 
multiplying the experimental value of the 
quench current with the proportionality con
stant Pc. The proportionality between EH„ and 
Bg 1s a characteristic of the field measuring 
device and should be independent of the magnets 
[ref. 3], Therefore, the deviation of the ratio 
CfMjJ/CfMg) from unity by 0.11 %, 1s a measure 
of the high accuracy 1n the overall set of 
assumptions and measurements. 



The performances of both magnets attain the 
design values. Their realization confirms the 
reliability of the techniques used for the 
construction of this kind of magnets. 

1.3.1.3 Precise field measurements 

The present Hall sensor field measuring device, 
together with the computer controlled current 
chopping and reversing circuit, is suitable for 
low-field experiments. In a first experiment 
the data have been taken before the power 
supply in the H2 magnet circuit has been put 
on, the magnet having been cooled to 4.2 K. A 
second experiment relates to data taken in the 
same magnet but after the magnet has been 
energized to 8 tesla and the magnet circuit 
current has been brought back to zero. The 
results are plotted in Fig. 1.3.1.3 versus h, 
the axial coordinate in the magnet. The results 
of the first experiment are given by the (+) 
and the (-) signs, referring to the (+) and (-) 
direction of the Hall current. The results of 
the second experiment are given by the circles, 
the closed ines related to the (+) and the open 
ones to the (-) direction of IH. The standard 
deviation a is calculated to be 2 uV for each 
experiment. This value is called the sensi
tivity of the Hall measuring device. Within 
that uncertainty, the absolute value of the 
Hall-voltage is also independent of the Hall 
current direction in the low field region. The 
measurements at the centre of the magnet have 
been carried out twice in each experiment 
yielding a value foi the stability of the 
sensor which is better than 2 uV. The stability 
and sensitivity of the device allow fields to 
be measured as small as those occurring in 

M2 
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-JO • 20 

h (cm) 

FIG. 1.3.1.3 The absolute values of the Hall 
voltage versus the axial coordinate. The full 
lines Indicate the coil positions 

experiment 2. The pattern in Fig. 1.3.1.3, 
given by the circles, is attributed to persist
ent currents in the NbTi multifilament wires. 
In experiment 1 the zero point of the Hall 
sensor is being measured. The deviation for h = 
+ 12 cm and 14 cm has not yet been explained. 

In a low-field experiment the magnet current 
has been increased from Im = 0 to I m = 0.52 A. 
The ratio of the change of the Hall voltage 
versus the change of I_ is equal to the one 
measured in the high fie'd experiment. 

The low-field experiments yield two major 
results: 1) the maximum hysteresis-related 
effect in the H2 superconducting magnet never 
exceeds 8 mT, being much lower in the centre of 
the magnet; and 2) the sensitivity of our Hall 
device is of the order of 0.1 mT. 

1.3.2 Thermo-elasto-plastic effects 
EC Stimulation Contract no. STI-073-JC(C0) 

N. Maene, J. Cornell's, R. De Batist, 
C. Quaeyhaegens, F. Biermans, A. Van den Bosch 

The data acquisition system has been delivered 
and is now operational. The first applicatie-) 
consisted of a round robin test with tensile 
specimens made of Italian steel. Fig. 1.3.2 
shows, respectively, in a typical specimen, the 
relationships between stress, strain and 
temperature drop. The transition to plastic 
behaviour occurs when the temperature drop 
reaches its maximum value. Increasing the 
stress beyond this point reverses the direction 
of the temperature excursion. The measurements 
of the thermo-elasto-plastic transition, 
carried out in the Belgian (S.C.K./C.E.N. Mol) 
and Italian (CESNEF Milano) laboratories, show 
the sensitivity of this AISI 316 steel for the 
details of the manufacturing technique. Within 
a oaten of one size and in one laboratory good 
reproducibility has been achieved but only part 
of the results .Te consistent between the two 
laboratories. Discussions with the Italian 
partners have led to the definition of a 
modified and extended measurement scheme for 
the second part of the round robin, mainly to 
be based on comparative measurements with the 
batch of Belgian low-carbon steel. In order to 
Include a cross-check on the preparation of 
specimens, CESNEF* will also test specimens 
manufactured by S.C.K./C.E.N, and vice versa. 

The investigation of the temperature stabiliz
ation around 223 K in the cryogenic set-up for 
tensile tests has led to the elaboration of 
several strategies. In order to avoid regu
lating the flow of liquid nitrogen by simple 
on-off control, which creates heavy pertur
bations, 1t 1s now preferred to control the gas 
pressure over the L.N. surface in the dewar 
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1.4 TRANSMISSION ELECTRON MICROSCOPY 

200 

400 

Ï 

FIG. 1.3.2 Determination of limiting stress by 
TEP-measurements (above) and stress at 0.2 % 
strain by the conventional method (below) 

with the help of a small computer. The periodic 
release of gaseous nitrogen under feedback 
control of the nitrogen temperature 1n the 
cryostat apparently brings the system to a 
near-equilibrium within a reasonable time. The 
computer algorithm st i l l needs some refinement. 

*CE5NEF: Centro Studi Nucleari Enrico Fermi 
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1.4.1 Grain boundaries and their effect on 
mechanical and elecVical properties 

J.G. Antor.jpoulos, P. Ayed, A. Bary, 
G.L. Bleris, P. Oelavignette, E.G. Doni, 
Th. Karakostas, S. Lay, Ph. Komninou, G. Nouet, 
J. Vicens 

The effort on the phenomenological properties 
of coincidence site lattices (CSL) has been 
continued. The attention has been focused on 
the symmetry properties and on their appli
cation to a method of computation of the CSL 
and their essential elements in any of the 
crystallographic systems Cref. 11. A more 
detailed application has been developed for the 
cubic and the hexagonal systems for which the 
displacement shift complete lattice (OSCL) has 
also been determined Cref. 23. 

A study of the characteristics and the proper
ties of grain boundaries in polycrystalline 
silicon commercially used in photovoltaic cells 
is performed. The majority of the grain bound
aries are twins or CSLs resulting from multiple 
twinning. Also other CSLs and general grain 
boundaries are observed. A c-tailed investi
gation has been performed on a twin boundary in 
the (211) incoherent orienta^on in order to 
determine the precise atomic arrangement in the 
twin boundary Crefs. 3,4], Several other 
laboratories are studying this configuration 
and our results have been favourably confronted 
with theirs. Our analysis is based on the 
contrast of stacking fault fringes, called 
alpha-type fringes, as they appear when the 
twin is imaged using a common reflection, Fig. 
1.4.1. This method has been revealed to be the 
most sensitive approach. It is shown that all 
contrasts, as well as other symmetry properties 
agree with the presence of a rigid body trans
lation of ft * (1/5)C0111 which has been com
pared with existing models. It is found to be 
in agreement with a model characterized by an 
absence of dangling bonds and a moderate 
perturbation of the bonds in direction and in 
length. This Is an important result as the 
(211) twin boundary is commonly observed in 
polycrystalline silicon. 

An investigation of the subgrain boundaries in 
polycrystalline silicon has also been initiated 
in order to characterize their electrical 
properties Cref. 51. This is a commonly 
observed defect in polycrystalline silicon. 
They represent possible sites for impurity 
concentrations. Both twist and tilt boundaries 
are observed. These two configurations are 
characterized by the most stable dislocation 
networks. 
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FIG. 1.4.1 Typical alpha-type fringe contrast revealed in a twin boundary using a cornnon (311) 
type reflection 

The grain* boundaries have been analysed in 
tungsten carbide (WC) in order to relate their 
characteristics to the mechanical behaviour of 
that compound. Subgraln boundaries are 
frequently present; they are generally of a 
mixed character. Their dislocation content 
usually consists of dislocations with the same 
Burgers vectors as those of the matrix dislo
cations. Also CSLs are observed; the most 
common are of the z * 2 type. Dislocation 
networks are often associated with grain 
boundaries Cref. 6]; they accommodate an 
orientation deviation from a concidence orien
tation Methods have been developed and applied 
to the precise determination of this misorfen-
tatfon Lref. 71. 

The investigation of the mechanisms responsible 
for the mechanical twinning in hexagonal metals 
has further been performed on magnesium. This 
work has recently been presented 1n the frame 
of a doctor's degree (P. Ayed). 

1.4.2 Microstructure of steels and alloys 

T. Beatse, F. Boudamous, L. Coheur, 
P. Oelavignette, 0. Geshef, M. Ghodsi 

An investigation of the bubble formation as a 
result of a gas Implantation in stainless steel 
has been started using different accelerators. 
This work is done in collaboration with ULB 
(Brussels University) 1n the frame of a 
doctorate. The conditions in which bubble 
networks are formed, have been considered and 
simulation of the implantation 1s performed. 
Thermal treatments are considered In order to 
detect the very first stages of the bubble 
rwcleation. Heutron irradiated stainless steel 
has also been Investigated in order to analyse 
the swelling mechanisms. 

The microstructures of different superalloys 
have also been analysed by transmission 
electron microscopy. The grain distribution and 
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their texture as well as the dislocation 
configurations have been investigated. Iron 
alloys and alimrinium alloys have been con
sidered, as well as nickel alloys presenting an 
ordered phase. 

The oxidation properties of different Ni-Co 
alloys have been investigated in collaboration 
with the ULB (Brussels University). 

1.4.3 Various studies 

R. De Batist, P. Delavignette, J.L. Delplancke, 
R. Kemps, B. Koch, P. Nagels, L. Neyens, 
A.D. Stalios, A. Van den Bosch 

The first stages of the nucleation and growth 
of crystals in an amorphous phase have been 
investigated in a variety of amorphous 
materials such as glasses for the conditioning 
of radio-active waste materials. Also amorphous 
metals and alloys have been examined. An 
analysis of the first stages of nucleation has 
been performed on semiconductors presenting 
short range ordering phenomena. The crystalliz
ation has been related to the elemental compo
sition measured in situ. 

The analytical transmission electron microscopy 
investigation of small mineral fibers present 
in asbestos has been continued. Essentially 
routine determinations (electron diffraction 
and X-ray emission spectroscopy) have been 
performed. 

In collaboration with Ulg (Liège University), 
an investigation of the carbonate precipitation 
in sea water and other waters of related origin 
has been started. The precipitates formed are 
calcite or aragonite, as well as magnesite or 
strontianite and also intermediate products. A 
first characterization is possible by electron 
microscopy and electron diffraction; elemental 
analysis is also performed. A more detailed 
analysis is being considered in order to have a 
more local determination: the homogeneity of 
composition in a particular grain has to be 
analysed. 

In collaboration with ULB (Brussels Univer
sity), a method has been developed for the 
absolute determination of thin film thicknesses 
in the range of 20 ran up to 200 ran. It has been 
applied to anodization films of titanium. The 
results have been compared with various other 
approaches such as interferometry, ion sputter
ing, etc. Although this method 1s not of a 
general application, it Is possible to apply it 
to other materials. 
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1.5 NEUTRON DIFFRACTION 

1.5.1 Structure determination of aLilO? 

E. Legrand, Yu-Fen Cheng 

The compound aLiI03 is a polar, hexagonal 
crystal with space group Cg. Its crystal 
structure was determined by X-ray measurements 
Cref. 1] and later refined with neutron dif 
fraction experiments Cref. 23; also the tem
perature dependence of the structure was 
measured Cref. 3 ] . At the institute of Atomic 
Energy (Beijing - China) Cref. 4] the influence 
of an external electric f ie ld , applied in the 
c-direction of the crystal, was studied with 
neutron diffraction. I t was found that the 
diffracted intensities (ool) enhanced strongly, 
the enhancement being dependent on the polarity 
of the f ie ld and on the field strength. The 
(hko) reflections did not change. From the fact 
that also the rocking-curves of the (ool) 
reflections changed, i t was concluded that the 
effect might e due to an anisotropic change of 
the extinction. In view of the fact, however, 
that no general hkl values had been measured, 
we decided to mount an <xLU03 crystal on the 
4-c1rcle diffractometer. A D-C f ield was 
applied with an adjustable stabilized high 
tension. In order to protect the crystal a 
10 Mn resistor, which was held at a constant 
temperature, was put in series. Measurements 
were performed with fields of 0, 13, 21, 247, 
543 and -13. - 2 1 , -217 volts/cm. Enhancement of 
all the intensities with 1 f 0 was found to 
occur. The analysis of the results will be done 
with a least-squares programme SHELX-76 which 
was put on the IBM computer. 
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1.6 MECHANICAL AND THERMOPHYSICAL MEASUREMENTS 

1.6.1 Internal friction in PET (poly-ethylene 
terephthalate) 

R. De Batist, S. El-Sayed 

This part of the research work is dealing with 
the study of the effect of y radiation on the 
amorphous phase of PET and with a mechanical 
study of the effects of crystallization. 

Amorphous films have been prepared by melting 
and pressing commercial PET pellets and 
quenching in cold water. The amorphous material 
exhibits three internal friction peaks: the o 
peak at about 355 K, the g peak at about 220 K 
and the y peak at about 170 K (the peak tem
peratures vary with frequency; Fig. 1.6.1.a is 
taken at 200-300 Hz, Fig. 1.6.l.b at 1 Hz). The 
irradiation of the polymer is carried out at 
room temperature to y doses ranging from 0-300 
megarad using either y cell 220 or spent fuel. 
As shown in Fig. 1.6.1.C the polymer exhibits 
an initial decrease in the damping, followed by 
a slow increase with increasing radiation dose 
(curve A) together with an increas • in the 
elastic modulus up till 30 megarad followed by 
a pronounced reduction (curve B ) . "his suggests 
that the radiation first disrupts the ester 
groups and induces cross-linking through 
linkage at the benzene ring; on increasing the 
dose, further scission takes place. 

Crystallization of PET from the amorphous state 
has been carried out by sealing the amorphous 
specimens in pyrex-glass tubes evacuated 
(s 10"' Torr) and heated at various tempera
tures (220-230-240-245°) to induce different 
degrees of crystalUnity; the crystallization 
time (20 h) has been long enough to ensure a 
stationary state to be reached. 

Fig. 1.6.1.d shows the dynamic mechanical 
response of PET (A for the amorphous phase and 
B for a crystalline specimen annealed at 230°C 
under vacuum). It appears that the shap* if the 
8 peak is independent of the amount of cystal-
linity but that its magnitude decreases with an 
increasing degree of crystal Unity. This 
suggests that the 6 process is related with 

the orientation of hydroxyl groups in the 
non-crystalline phase of the polymer. The a 
peak shape on the other hand is found to be a 
function of the degree of crystallinity; it is 
ascribed to the micro-Brownian motions in the 
amorphous phase of the polymer and is thus 
related to the glass transition temperature Tg. 

On increasing the degree of crystallinity (by 
annealing at 240°C and 245°C), the polymer 
exhibits an anomaly at 245 K in both damping 
and modulus, as shown in Fig. 1.6.I.e. 
Interpretation of this transition requires 
further research. 

The activation enthalpies (H) for the o and 
g processes, for both the amorphous and the 
crystalline phases, have been calculated and 
have yielded the following results: K = 9.2 eV 
in the amorphous phase and H - 0.*68 eV for 
both the amorphous and the crystalline phase. 

1.6.2 Thermal diffusivity - conductivity 
measurements on LigSiO^ 

R. Oe Coninck, A. Gijs 

In the framework of a CEC costsharing programme 
on ceramic breeding materials further measure
ments with specimens having well-characterized 
compositions have been carried out. 

Two types of specimens have been measured 
between 800 K and 1200 K, the specimens 5P277, 
containing 6 Ï disillcate (Li2Si205) and 
SP232/1 containing some traces of orthosllicate 
(1.145104). The specimens containing I^Si^Og 
show stable, well reproducible results, whereas 
those containing some Li^SIO^ are not stable 
and exhibit a certain hysteresis effect. This 
effect is identical to the one noticed earlier 
with other, similar specimens. Further investi
gations with other techniques are necessary to 
explain this behaviour. As spin-off of the 
different measurements and accessory tests, it 
has been established that all specimens 
exhibited a certain electrochemical or polariz
ation effect which merits further examination. 

1.6.3 Thermal conductivity, intercomparison 
campaign CEC-BCR 

R. De Coninck, A. G1js 

In the framework of an intercomparison campaign 
conducted by the CEC-BCR, the objective of 
which is to produce and certify a reference 
material of very low thermal conductivity for 
temperatures between 250 and 900°C, measure
ments by the "slnusoidally modulated electron 
beam thermal diffusivity method" have been 
carried out on calcium silicate "SKAMOLEX", as 
prepared by "Hoogovens Ijmuiden" (The 
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FI6. 1.6.1.a I.F. Spectrum of amorphous PET measured in flexural resonance (200-300 Hz) 

Netherlands). 

The measurement methods used by the various 
contributing laboratories are "Parallel hot 
wire". "Hot guarded plate", "ASTM" and, for 
comparison reasons, also the "Flash" and 
"Modulation" method. These last two methods 
need only very small samples. As it is known 
beforehand that the originally delivered bricks 
of sample material are anisotropic, these two 
methods offer the advantage to allow the 
measurement of samples cut out at many various 
locations and different orientations of the 
brick. In this way a good insight of the 
conductivity distribution as a function of 
location and orientation 1s obtained. 

1.6.4 Services 

R. Oe Coninck, A. Gljs 

For the radio-active waste geological disposal 
programme thermal conductivity measurements of 
a special gypsum material, a candidate material 
for insulating the inner repository shaft, have 
been carried out. The measurements have been 
realized in the range of 30 °C to 130 °C. 

For Belgonucleaire, two thermocouples, 
MoRe41/MoRe, have been calibrated between 

•125 *225 -325 
Tamp CKD 

FIG. 1.6.1.b I.F. spectrum of amorphous PET 
measured at 1 Hz 
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1170 "C and 1720 "C, using a blackbody 
radiation source and the newly acquired Linear 
pyrometer LPZ Cref. 1]. 
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2.2 MATERIALS PROCESSING 

2.2.1 Development of OPS alloys for high 
temperature service 

L. Coheur, M. Geladi-Heylen 

In the framework of the European Action COST 
501 (Cooperation in the Field of Scientific 
and Technical Research), concerned with the 
development of materials for energy conversion 
systems using fossil fuels, two cooperative 
projects are being carried out. 

The aim of the first project is the 
development of a corrosion resistant ODS 
superalloy for application in industrial gas 
turbînes. IN-939 has been selected as the 
nickel-base matrix material and the beating 
process has been used to introduce a fine Y2O3 
dispersion. This alloy composition has been 
called C01Y05. Outstanding high temperature 
mechanical properties of ODS alloys are only 
achieved after a special recrystallization 
treatment leading to large elongated grains. 
Small samples of CP1Y05 have been submitted to 
this treatment. A threefold increase of the 
high temperature tensile strength was 
observed, as compared to the extruded 
condition. However, this is still inferior to 
what is currently achieved with commercial 
cast IN-939 alloys. In fact, metallographic 
examination reveals that recrystallization was 
not complete and that small grain regions were 
still present. The oxidation resistance of 
C01Y05 in the extruded state is rather good up 
to 950°C. At 1050°C, however, the oxide scale 
is no longer adherent and spalls off during 
cycling to room temperature leading to high 
weight loss rates. 

The work dealing with the development of high 
temperature ferritic alloys has concentrated 
on the preparation of large grain material for 
mechanical and oxidation resistance testing. 
Owing to the predominant role the structure 
plays in the behaviour of ODS alloys at high 
temperature, a detailed study of the 
recrystallfzatfon mechanisms has been 
undertaken in collaboration wit'i the Materials 
Physics Department and the University of 
Louvain-la-Neuve. 

A collaboration contract has been signed with 
CCH (CâbleHes et Corderies du Hainaut) as a 
preparatory step towards the industrialisation 
of the beating process. 

2.2.2 Fabrication of ODS ferritic steel fuel 
pins for fast neutron reactors 

L. De Wilde, J. Gedopt, S. de Burbure, 
A. Del brassine 

The ODS ferritic cladding tubes produced 
jointly by SCK/CEN and Câbleries et Corderies 
du Hainaut (CCH) have been used for the 
production of two complete fuel bundles to be 
irradiated later this year in the French 
Phénix reactor (Idéfix-experiment). End plug 
welding was performed by resistance welding, 
developed at SCK/CEN for this purpose. The 
first end plug was welded at the SCK/CEN 
laboratories, the second end plug was welded 
at Belgonucléaire Dessel after filling the 
pins with fuel. A similar welding machine 
installed in a glove box was used for this 
purpose. 

The spiral wire required for fuel pin spacing 
was produced at CCH. A total length of 2000 
meters (diameter 1.15 mm) had to be produced. 
The manufacturing procedure developed for the 
cladding tubes could not be applied as such 
for the production of this wire material, and 
other drawing and annealing sequences were 
developed by CCH in cooperation with SCK/CEN. 

The manufacture consisted of three main steps: 
1. Hot extrusion of the billets to bars with 

the 600 ton extrusion press of SCK/CEN. 
2. Hot swagelng of the extruded bars. This was 

done with a two - hammer swagefng machine, 
with an Induction coil in front for heating 
the bars up to about 1250°C. 

3. Cold drawing to final dimensions and 
intermediate annealing treatments. Cold 
drawing was done on a bull block, thereby 
producing lengths of 40 m and more. Because 
of this length, the conventional annealing 
furnace had to be replaced by a "transit" -
furnace with hydrogen as oxidation 
protection sweeping gas. In spite of this a 
superficial oxide layer formed, which had 
to be removed by acid pickling and water 
rinsing after each annealing treatment. 

After production, the wires were thoroughly 
controlled at SCK/CEN. Metallographic 
analysis, mechanical testing and 
non-destructive controls with eddy currents 
were performed. For eddy current testing a 
differential encircling coil of 0 2.2 mm was 
used, which operated at a frequency of 10 kHz. 
Slight adaptations to the apparatus had to be 
made to provide complete control of the full 
length of each wire. Drilled holes of 0.15 mm 
diameter and 0.20 mm depth served as reference 
defects. 
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Fig 2.2.2.1 represents the defect signals 
obtained from three reference defects with the 
same diameter but with different depths. 

MATERIAL : FERRITIC STAINLESS STEEL 
SIHfc DIAMETER : 1.15 •• 
DIFF. COIL : 9 2,2 on 
MAGNETISATION : 1001 
FREQUENCY : lOKHz 
A : DEFECT SIGNAL (0 0,15 n 

DEPTH 0,26 ) 
B : DEFECT SIGNAL (0 0,15 m 

DEPTH 0,25 ) 
C : DEFECT SIGNAL (0 0,15™ 

DEPTH 0,20 ) 

2.2.3 Plasma spray coatings 

S. Heusdains, M. Hannotiau 

A 9 MB Perkin-Elmer-Metco plasma spray coating 
equipment, purchased and installed during the 
second semester of 1985 (extensive description 
in BLG584 report) is now operational (Fig. 
2.2.3). I t is ful ly computer!7»KJ. which allows 
the application of graded coatings, i .e. 
coatings with a continuous composition 
gradient. Metals as well as high melting point 
ceramics can also be applied. 

In the f i rst phase, optimization of spray 
parameters for reaching high quality coatings 
is being pursued, based on data from the 
relevant literature, parametric experiments 
and phenomenological studies (particle 
trajectories, particle speeds, particle impact 
on the substrate, flame isothermal s, e tc . ) . At 
the same time, coatings are being developed 
for specific technological applications such 
as ceramic coatings or graded metal-ceramic 
coatings on steel, for high temperature 
erosion-corrosion resistance. 

Fig. 2.2.2.1 : Eddy current registration of 
the defect signals of three holes drilled in a 
wire of 1.15 mm diameter. 

The welding of the spiral wire onto the fuel 
pins was performed at Belgonucléaire Dessel in 
cooperation with SCK/CEN. A total number of 
435 fuel pins have been transported by 
Transnubel (Fig. 2.2.2.2) to Cadarache, where 
final assembling into two fuel bundles will 
take place before loading in the Phénix 
reactor. In addition, two tubes containing 

.impact test specimens have been sent. They 
will be used for the control of the low 
temperature embrittlement behaviour at high 
radiation dose levels (85 and 100 dpa NRT). 

Room temperature qualification tensile tests 
were performed on DT- and DY type alloy tubes, 
taken from each batch of tubes used for the 
Irtefix bundles. The tensile pro;3rt1es of the 
cladding tubes are summarized in table 2.2.2. 

experimental actions were 

trajectories, 
Initiated with 
(up to 10000 

The following 
carried out: 
- A study of particle 

velocities and Impacts was 
the help of a high speed 
images per second) camera (by courtesy of 
the Technology Department). 

- Spray process parameters have been modified 
to improve the adhesion and quality of 
coatings. First results show that adhesion 
depends upon a number of parameters, such 
as trapping of oxides at the coating-
substrate interface, fusing rate of the 
powder particles, substrate temperature and 
the distance between the plasma gun nozzle 
and the substrate. 

- Coatings have been applied to several 
substrates to Improve their high 
temperature corrosion resistance. AISI 310 
stainless steel tubes have been coated with 
graded NiCrAI - SiC, graded NiCrAl - A1203 

double layered NiCrAl - S1C, double layered 
NiCrAl - A l ^ and graded copper - S1C. 

Table 2.2.2 : Tensile properties of IOEFIX cladding tubes (20°C), 
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Fig. 2.2.2.2 : Ferr i t ic steel fuel pins before 
transport to Cadarache (Idef ix i r radiat ion 
experiment). 

a : FIJPI pin sub-assembly loaded in an 
hexagonal transport wrapper 

b : Tubular and hexacjonal inner containers for 
fuel pin transport 

c : Loading of sub-assembly containers on 
Transnucléaire truck 
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Some of these coatings have been machined 
and polished to reduce their surface 
roughness. Corrosion tests are bei-.g 
performed in the high temperature corrosive 
atmospheres of the off-gas line of an 
industrial plant. NiCrAl bond coats are 
utilized as intermediate layers to improve 
adhesion and protect the substrate better. 
Similar coatings have also been applied to 
plates. Adhesion between these coatings and 
the substrate were controlled with an 
impact tester and a conical mandrel folding 
machine. 

Optical microscopy and electron microprobe 
analyses were used to characterize coatings. 
So it was found that in a NiCrAl - SiC 
graded coating many Al - rich regions 
(5-40 urn in size) could be distinguished 
surrounding the SiC grains (20-30 Mm in 
size). Furthermore, the distribution of Cr 
was found to be uniform except at regions 
of high SiC concentration, and the 
distribution of Ni was uniform except at 
regions of high SiC and Al concentration. 
To reduce porosity and improve adhesion and 
cohesion, an experimental rogramme based 
on surface laser melting a.id hot isostatic 
pressing has been initiated. This project 
is supported by the "Vlaamse Executieve" 
(Regional Government). 

2.3 MATERIALS PERFORMANCE 

2.3.1 Mixed-oxide fuel irradiation for fast 
breeder reactor development 

A. Delbrassine 

2.3.1.1 Farfadet_Experiments 

The FARFADET irradiation configurations (FAst 
Reactor Fuel Analyses and DEsign Test) are 
designed to reproduce the thermal behaviour of 
the mixed-oxide fuel column at the beginning 
of life in a fast reactor environment. The 
fuel pins have therefore to be irradiated in 
an epithermal flux in order to avoid important 
radial neutron flux depression leading to a 
significant central temperature. 

The study of the axial and r.dial migration of 
fission products and fuel matrix components 
and the observation of the structural change 
of the fuel, required a perfect simulation of 
radial temperature distribution and axial 
power distribution. These two conditions have 
been met in a device surrounded by a cadmium 
screen, which is an integral part of the rig 
without any water annulus in between. 
The irradiation device is shown in the Fig. 

=*'f* 

Fig. 2.2.3 : Plasma spray coating equipment in operation. 
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2.3.1.1. A copper capsule with a cruciform 
cross section, containing the fuel pins, is 
immersed in a liquid NaK eutectic. A cadmium 
screen sandwiched between two stainless steel 
tubes encloses the copper capsule and provides 
a small concentric helium gas gap between the 
four arms of the copper cross and the 
surrounding tube wall. This gas gap is used as 
a heat transfer barrier to control the fuel 
cladding temperature. In such a device, the 
ratio between the fission density at the outer 
fuel surface and the fuel centre is close to 
one. Eight chromel-alumel thermocouples 
measure the temperature at the mid fuel column 
level for linear power and cladding 
temperature determination. 

Two fuel pin design parameters were taken as 
variables in the irradiation campaign: the 
fuel-cladding gap and the fuel density. For 
that purpose, half of the fuel pins were 
filled with a low density fuel and half with a 
high density fuel. A smaller fuel-cladding gap 
was applied for the lower half of eacn fuel 
pin and a larger gap for the upper half. The 
low density fuel (89.* % TD) was manufactured 
by Belgonucléaire Dessel and the high density 
fuel (9a.5 X) by Alkem. Table 2.3.1.1 
summarizes the main nominal characteristics 
for each fuel pin. 

The irradiation time is the last parameter 
considered in the programme. Three irradiation 
times were chosen: 2 hours, 24 hours and 20 
days. These irradiation times refer to 
irradiation at nominal power in steady state 
conditions and do not include the start-up 

period. Irradiation was performed in BR2 in an 
epithermal neutron spectrum yielding a central 
to peripheral fission density ratio of 0.85. 
Farfadet 1 and 2 have been loaded in BR2 for 
irradiation during cycle 04/86 A (86/04/24 to 
86/05/10). Irradiation time was 15.6 days. 
Analyses of the in-pile measurements is still 
in progress but the first evaluations indicate 
that the target linear power of 500 W/cm has 
been reached. Non-destructive tests are being 
performed and will be completed this year. The 
first results of these non-destructive 
examinations (gamma-spectrometry, neuro
graphy and dimensional control) show the 
following: 
- Formation of a central hole over the full 

length of the fuel column. 
- Pu-enrichment of the fuel surface of the 

central hole in the hottest region of the 
fuel column. 

- No important axial migration of the fuel 
material. 

- No increase of the fuel column length. 
- Severe mechanical fuel-cladding Interaction 

for all low density fuel pins. 
After completion of the non-destructive 
examinations the irradiation conditions will 
be defined for the other Farfadet rigs to be 
loaded in BR2 next year. 

2.3.1.2 Proph_ete Exp_er1ment 

As mentioned in the previous progress reports 
(BLG 482 and 484) an experimental irradiation 
of U02-Pu02 fuel pins clad with austenitic 
steel «.ook place in the PHENIX reactor. The 
irradiation dose accumulated by the cladding 

Table Z.3.1.1 : Main characteristics of "Farfadet" fuel pins. 
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Fig. 2.3.1.1 : Cross section of "Farfadet" 
irradiation configuration: 
1 : absorber cladding 
2 : cadmium screen 
3 : absorber cladding 
4 : helium gas gap 
5 : copper cruciform tube 
6 : slots for thermocouples 
7 : protecting tube 
8 : NaK filling 
9 : fuel pellets 
10: reactor water coolant 

amounted to 125 dpa F (displacements per 
atom). Two pins were transferred to Mol for 
post-irradiation examinations (PIE). The 
results of these have been compared to PIE 
results of a sister-pin re-irradiated in the 
Siloë reactor in Grenoble. Discussion of these 
results between CEA, KFK and CEN/SCK led to 
some important conclusions, such as the 
non-occurrence of fuel centre line melting 
after breaching of the pin re-irradiated in 
the Siloë reactor. I t was obvious that the 
secondary failure induced by the urano-
plutonate formation in the failed pin, did not 
cause any axial or radial material migration. 

2.3.2 Austenitic stainless steel irradiation 
for fast breeder reactor development 

A. Delbrassine 

All work performed in this field is shared 
between the different research centres of the 
five European countries (France, Germany, 
I taly, U.K. and Belgium) involved in the fast 
neutron reactor development programmes. All 
experiments with austenitic steel undertaken 
by Belgonuclealre and/or CEN-SCK are common 
experiments, which are loaded 1n one of the 
experimental fast neutron reactors (Phénix or 

PFR) or in a material testing reactor (BR2). 
During this half-year, work-packages have been 
rewritten defining the future programme in 
this f ie ld . 
The actual status can be summarized as 
follows: 
- Charlemagne experiment: 15 fuel pins are 

waiting at the CEN/SCK site for destructive 
examination and re-irradiation in BR2. 

- Porridge experiment: irradiation has 
started in the PFR reactor. The material 
has been recovered from the RIPCEX II 
experiment (irradiation in Rapsodie 
reactor). 

- P.F.R. M2 is loaded in PFR. 

2.3.3 Fatigue crack growth in AISI 316 L 
stainless steel 

S.H.Ying, W. Hendrix 

Complementary to the fusion reactor materials 
programme, the fatigue crack growth in AISI 
316 base metal, weld metal and the heat 
affected zone is being studied. Some results 
have already been reported (1). Prime 
attention is now being given to the 
establishment of a calibration curve for crack 
growth measurement by means of the DC 
potential drop method. This technique has been 
successfully applied to monitor crack 
extension in a wide range of crack growth 
investigations. The calibration curve relates 
changes in potential to changes in crack 
length for a specimen with a given shape and 
size. 

a 

h * 

i 

> 

Specimen 

Stabilized DC 
power supply 

I 1 

Standard 
resistance 

Chart recorder 
and DVM 

F1g. 2.3.3.1 : DC potential measuring scheme 
for crack growth monitoring. 
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Fig. 2.3.3.1 illustrates the DC potential 
system. A constant current of about 10 A is 
passed th jugh a cracked specimen and the 
potential drop over the crack is measured and 
recorded. However, calibration curves are 
sensitive to the current and to the potential 
lead locations. For the present work, the 
potential measuring leads were fixed in the 
middle of the edges of the notch. Advantages 
of this location are the facility of 
reproducing connections at exactly the same 
position and the relatively low sensitivity of 
the measurement to errors in the lead 
locations. A standard resistance was used to 
aonitor the stability of the DC current. 

Experimental calibration data of AISI 316 L 
stainless steel CT specimens are shown in 
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Fig. 2.3.3.2 : DC electrical potential 
calibration curve. 

Fig. 2.3.4 : Cross section of a specimen 
holder for tensile and fatigue testing of 
refractory alloys. 

Fig. 2.3.3.2. Standardized values were taken 
for both V * v/v0 and A • a/aQ with v0 being 
the potential drop corresponding to the 
machined crack length aQ and v being the 
potential for crack length a (definitions of a 
and a0 are given 1n Fig. 2.3.3.1). The fatigue 
crack length 4a was measured with a long 
focus microscope. The data points in Fig. 
2.3.3.2 were obtained for different specimen 
thicknesses, temperatures, material conditions 
(base metal or heat affected zone), machined 
crack length and applied force ratios. It can 
be seen that for all these conditions, one and 
the same curve applies. A polynomial fit was 
used to get the following equation for the 
curve: A * - 0.763 + 2.044 V - 0.287 V2. 

It was found that for welds, the data deviated 
from those obtained for base metal. The main 
reason for this 1s the Inhomogeneous structure 
of the welds. This causes the crack to depart 
from the symmetry plane of the specimen, 
resulting 1n a scattering of the test results 
from one specimen to the other. The 
established calibration curve will be used 
further to study crack growth at 250°C and 
430°C. 
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2.3.4 Influence of neutron irradiation on 
refractory divertor materials 

P. Lemaitre, W. Vandermeulen 

This work is being performed in the framework 
of a Euratom - Belgian Government contract 
concerning fusion technology. 

The impurity control of the plasma in a fusion 
reactor can be achieved by magnetic deviation 
of the outer layers of the plasma onto the 
divertor plate. Because of their low 
sputtering rate and high melting point, 
refractory alloys such as W-5 Re, TZM and W-26 
Re have been proposed for the NET project 
(Next European Torus), as primary candidates 

for the plasma-side of the divertor. 

Part of the pre-irradiation programme consists 
of developing test techniques and appropriate 
specimen geometries for the determination of 
fracture toughness, tensile and fatigue 
properties of these very brittle refractory 
alloys. Fig. 2.3.4 shows a first prototype of 
a specimen holder developed for tensile and 
fatigue testing. Misalignment of the specimen 
is compensated for by a low melting point 
metal coupling. 

A vacuum chamber with an estimated ultimate 
pressure of 10'5 Pa has been designed for 
fatigue and tensile testing in an inert 
environment. 
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Fig. 2.3.5 : Effect of ageing and neutron irradiation on the tensile properties of candidate heat 
sink materials for NET. 

(a), (b) : pure copper 
(c), (d) : CuCrZr 
(a), (c) : material in cold wonted condition 
(b), (d) : material given an additional 15 min at 700°C heat treatment 

2.3.5 Effect of irradiation at 150oC and 300°C 
on the tensile properties of Cu and 
CuCrZr 

W. Vandermeulen, V. Massaut (TCH), 
J. Van de Velde (LHMA), W. Hendrix 

This work 1s being performed in the framework 
of a Euratom - Belgian Government contract. 

Pure Cu and CuCrZr alloys are being considered 
as heat sink materials for the NET (Next 
European Torus) divertor. No data on the 
behaviour of these materials under neutron 
Irradiation at tempertures below 450°C are 
available. Therefore, tensile specimens were 
irradiated in the BR2 reactor at 150°C and 
300°C up to about 5 dpa 1n order to get a 
first Indication of the low temperature 

irradiation hardening and embrittlement of 
these materials. In order to proceed quickly, 
the irradiation device called COSMETIC (Copper 
Samples for Mechanical and Tensile "Tests 
irradiation Campaign), w as - kept un-
instrumented. The materials were Cu and CuCrZr 
both in the cold worked state, in order to 
obtain high strength, and in heat treated 
condition (15 mln at 700°C after the cold 
working). This treatment is supposed to 
simulate the brazing operation which will 
probably be necessary for the assembly of the 
divertor. When copper is subjected to this 
treatment it can be considered as fully 
annealed. 

The effect of the "brazing treatment" on the 
mechanical properties has been reported 
previously (1). In this report a description 
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of the neutron induced effects is given. In 
order to distinguish between neutron effects 
and thermal effects, unirradiated specimens 
have been given an ageing treatment at 1S0°C 
and 250°C for 22S days. Chemical analyses of 
the two Materials used are given in Table 
2.3.5. 

Table 2.3.5 : Chemical analysis (wt X) of 
candidate heat sink materials for NET. 

ELEMENT 

Cr 
Zr 
Fe 
9 
Zn 
S 
AI 
Pb 
Na 
K 
Co 
Si 
0 

Cu 

-
-

0.03 
0.02 
0.0060 
0.0013 

-
0.0010 
0.0015 
0.0023 

-
-

0.003 

CuCrZr 

0.86 
0.07 
0.02 

-
0.0069 
0.0023 
0.0016 
0.0017 

-
-

0.06 
0.04 
0.032 

In Fig. 2.3.5 the tension test results are 
given in relation to test temperatures for Cu 
and CuCrZr in cold worked conditions only and 
followed by a 15 min anneal at 700°C. The 
starting condition before ageing or 
irradiation is called "as-received". The lines 
in the figures connect data points for as-
received material. The data points for 
material aged at 150°C and 250°C and for 
material irradiated at 150°C and 300°C, are 
represented by isolated symbols. The test 
temperature is equal to the ageing or 
irradiation temperature. 

Long term ageing at 150"C had a negligible 
effect on the material properties 1n the 
annealed or in the cold worked state. Long 
term ageing at 250°C changed the properties of 
cold worked Cu to those of the annealed 
material. Annealed Cu and CuCrZr were found to 
be unaffected by the ageing treatment. 

Irradiation at 1509C considerably increases 
the strength 1n all cases, but for CuCrZr in 
the cold worked condition. The ductility 
decreased to less than 2.5 %, except for 
annealed Cu which retains a high ductility of 
about 15 %. 

Irradiation at 300"C gives rise to a more 
diverse response. The cold worked materials 

show a reduction of strength, indicating that 
thermal recovery prevails over irradiation 
hardening. The ductility, however, remains 
unexpectedly low. Annealed Cu shows 
irradiation hardening and corresponding 
embrittlement. Annealed CuCrZr shows no change 
of strength but a substantial embrittlym»nt. 

From the results, it appears that the use of 
these materials may be problematic as their 
strength due to cold working is not retained 
over extended periods of time even at moderate 
temperatures such as 250°C, and because 
neutron irradiation at temperatures of 150°C 
to even low doses of 5 dpa, can cause severe 
embrittlement. 

2.3.6 Effect of irradiation at 550°C on the 
tensile and impact properties of 
austenitic and martensitic steels 

W. Vandermeulen, F. Boudamous, 
J. Van de Velde (LHHA), 
V. Massaut (TCH), W. Hendrix 

The study of the effect of neutron irradiation 
on the mechanical properties of martensitic 
and austenitic steels, forms an important part 
in the development of future fusion reactors. 
Besides fatigue resistance, which is one of 
the most obvious requirements, the resistance 
to tensile and impact loading also have to be 
determined. A summary will be given of the 
results obtained with tension test specimens 
of AISI 316 L, EM12 and W.Nr.1.4914 and with 
sub-size impact specimens of EM12 and 
W.Nr.1.4914 irradiated in the BR2 reactor as 
"blind passengers" in the Fafuma 1 rig 
(Fatigue of Fusion Materials) (2). The 
irradiation behaviour of AISI 316 is already 
well known (3, 4, 5), but the present results 
were obtained with specimens prepared from the 
CtC reference batch for NET, which is also 
used for the study of irradiation fatigue 
properties. The heat treatment and irradiation 
conditions are given in Tables 2.3.6.1 and 
2.3.6.2. 

In order to assess the effect of the 
temperature during irradiation of the 
martensltic steel specimens, reference ageing 
tests for 300 days at 550"C, were also 
performed. 

In Fig. 2.3.6 the Influence of the test 
temperature on the tensile strength and 
ductility of Irradiated and unirradiated AISI 
316 L Is shown. In the temperature range 
between 250°C and 600°C, Irradiation gives 
rise to an Increase of yield strength and a 
moderate ductility decrease. At the highest 
test temperatures, the strength of Irradiated 
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Table 2.3.6.1 : Heat treatment of materials 
used in tension and impact irradiation 
programme. 

Table 2.3.6.2 : Irradiation 
tension and impact specimens. 

U.Nr.1.4914 30 min/1050°C, air quenched, 
2h/650°C 

EM12 30 min/1050°C, air quenched, 
2h/750°C 

316 L annealed 

conditions of 

MATERIAL SPECIMEN 
TYPE 

IRRADIATION 
TEMPERATURE 

(°C) 

EM12 
EM12 
1.4914 
1.4914 
316 L 

tension 
impact 
tension 
impact 
tension 

590 
590 
590 
475 
475 

DOSE 
(dpa) 

5.5 
7.0 
5.5 
5.5 
6.5 

and unirradiated materials becomes comparable 
which indicates that the defects disappear due 
to annealing during the test. The total 
eloncition, however, decreases drastically. 
This is due to the well-known embrittling 
effect of helium, formed during irradiation. 
I t should be noted that at al l test 
temperatures the ductility after irradiation 
remains acceptable. 

Results of tension tests at 550°C on W.Nr 
1.4914 and EM12 martensitic steels in 
as-received, aged and irradiated conditions 
are given in Tables 2.3.6.3 and 2.3.6.4. I t 
can be seen that W.Nr. 1.4914 is not affected 
by ageing at 550°C. After irradiation at 
590°C, however, considerable softening occurs. 
For EM12 pronounced softening is already 
evident after ageing at 550°C and further 
softening is noted after irradiation. The 
softening effect found after irradiation in 
both materials is likely to be of a thermal 
nature, but a contribution due to irradiation 
cannot be excluded. 

Impact tests on W.Nr.1.4914 have shown that 
irradiation at 475"C did not alter the 
transition temperature nor the upper shelf 
energy, compared to the same material in the 
as-received condition. Irradiation of EM12 
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Fig. 2.3.6 : Effect of test temperature on the tensile strength (a) and ductility (b) of 
Irradiated (6.5 dpa at 475°C) and unirradiated AISI 316 L. 
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at 590°C leaves the transition temperature 
unchanged, but causes an increase of the upper 
shelf energy. This observation may be ascribed 
to thermal effects. 

This study is performed in the framework of a 
Euratom - Belgian Government contract. 

Table 2.3.6.3 : Tension test results at 550°C 
of aged and neutron irradiated material 
U.Mr.1.4914. 
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2.3.7 Compatibility of Solid Breeder Materials 
with Cladding Materials 

L. De Wilde, S. de Burbure 

This prematura deals with the compatibility of 
austenltic AISI 316 L and ferr l t lc WN 1.4914 
steels with potential solid breeder materials 
for fusion reactors. The project 1s supported 
by the European Community and solid breeder 
materials made by SCK/CEN and by other 
Europaan laboratories will be tested. In a 
first campaign the compatibility with lithium 
silicates (ortho- and metasillcate) will be 

studied. The test device consists of six 
experimental legs operated at the same test 
temperature. Each section is composed of six 
pressurized capsules, assembled by butt 
welding into a rod of about 300 mm length. 
Three rods are made of 316 L and three of 
1.4914 steel. For the f i rs t campaign the rods 
will be surrounded by lithium silicate 
granules made by SCK/CEN and KfK which are 
swept by a helium flow with a controlled 
H2/H2O content. For this experiment a test 
temperature of 550°C has been fixed with 
different internal gas pressures in the 
capsules. 

Thin walled cladding tubes (6/5.24 m 
diameter) have been made in both 316 L and 
1.4914 steels. Non-destructive quality control 
has been performed by eddy current testing. 
Mechanical testing and welding tests are in 
production. The feasabillty of the production 
of rods of six pressurized capsules has been 
checked on 316 steel, butt welded by 
resistance welding. 

2.3.8 Primary circuit surveillance for Belgian 
nuclear power plants 

Ph. Van Asbroeck, H. Tas 

In the framework of the Tihange 1 pressure 
vessel surveillance program», a second 
Irradiation capsule was examined and completed 
in a report which was presented to the ut i l i ty 
representatives. Regarding the Tihange 2 
pressure vessel surveillance programme, a 
f i rst Irradiation capsule has been sent to 
CEN-SCK for examination. 

The trend-curve RTNpj - neutron flux is an 
Important base for reactor safety. For the BR3 
reactor operating conditions, the 
specification of such a trend-curve has also 
to take into account the lower working 
temperature and its pressure vessel annealing. 
The actual RTNpj - neutron flux trend-curve 
has been analysed and a f irst evaluation has 
been formulated. 

2.3.9 Mass transfer 1n liquid lithium and 
Pb-17L1 

F. Oe Schutter, H. Tas 

This work is performed under contract with the 
CEC, association contract Euratom - Belgian 
Government 100-82-1 FUA B. 

Test campaigns have been run 1n forced and 
thermal convection loops f i l led with pure 
lithium and the Pb-l.'Li eutectlc alloy. Mass 
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Fig. 2.3.9 : Overview of corrosion effects as observed in the forced convection lithium loop 
L i -1 . The pictures of the recuperator are from the cooling side. 

transfer rates and microstructural changes 
observed for structural materials exposed to 
these environments, have been rationalized in 
terms of loop geometries, operating conditions 
and purification systems. Variation of these 
parameters have been found to have a larger 
effect on the corrosion damage development 
than more traditional parameters, such as the 
hot leg temperature or the temperature 
difference between the hot and cold legs of 
the test loop (6) . 

The Pb-17Li natural convec*ion loop LELI has 
been used for corrosion testing of austenitic 
(AISI 316 L) and ferrit ic (DIN 1.4914) steel 
tabs. The loop was exposed for more than 5400 
hours (during 6 runs) to liquid Pb-17L* at 
temperatures varying from 370°C to 450°C. 
After these six campaigns, the loop was 
dismantled and metallographic samples were 
prepared from the cold leg, the heat-up 
region, the hot leg and the dump lines. The 
most striking phenomenon observed was a 130 urn 
deep intergranular attack developed under a 
porous ferrit ic surface layer in the dumpHne, 

close to the point where a plug had formed 
(7 ) . Important intergranular corrosion was 
also observed in the quasi-horizontal part of 
the heat-up leg. From just before the tube 
bend, l i t t l e or no intergranular damage was 
found below the porous ferr i t ic surface layer. 
The intergranular attack was similar in 
appearance to the ferr i t ic surface and 
consisted of a network of interlinked pores. 
Porous surface layers were present on all 
specimens examined. In the cold leg the lay.n-

thickness was limited to a few microns and was 
covered by an irregular deposition layer. I t 
was well developed in the heat-up region (10 
urn) and was limited to 5 urn just beyond the 
heater. Detailed SCM ànd EDAX analyses were 
performed at different positions on the loop. 
Low nickel and chromium concentrations were 
found in the grain boundaries, suggesting a 
selective corrosion mechanism similar to that 
responsible for development of the porous 
ferr i t ic surface layers. Nickel and manganese-
rich deposits were found at the surface of th#» 
cold leg samples. 
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The lithium forced convection loop Li-1 (Fig. 
2.3.9) was operated for several test 
campaigns, and a detailed investigation of 
several components of the loop was performed. 
Analysis of the hot trap tubing (AISI 316) 
after 11,000 hours of operation revealed 
important damage. Porous ferritic layers up to 
500 urn thick had developed at 590°C. At 
temperatures of 450°C, ferritic layer 
thicknesses of 50 urn could still be observed. 
Ferritic layer development was equally 
important in the heat-up and cool-down legs of 
the hot trap. The 400°C tab specimens and the 
600°C hot trap tubing (AISI 316) had similar 
ferritic layer compositions, i.e. 4.5 wt% 
chromium, nickel concentrations of 1.5 wt% at 
400°C and 0.2 wtX at 600°C and manganese 
concentrations of 0.2 wtî at 400°C and 0.02 
wtt at 600°C. 

The Li-Li recuperator was removed from the 
loop after 45,000 hours of operation and 
submitted to systematic metallographic 
analyses. Some results are shown in Fig. 
2.3.9. Porous ferritic surface layers formed 
both at the heat-up and cool-down sides of the 
tubing. The thickness of the ferritic layer 
was maximum immediately before and after the 
tube bend at both the heating and cooling 
sides. The ferritic layer thickness varied 
from 5 urn at the high temperature end of the 
recuperator to 100 urn near the bend. 
Microprobe analyses revealed a drastic 
decrease of the substitutional alloying 
elements Cr, N1 and Mn. A sharp compositional 
transition separated the porous ferritic layer 
and the bulk material. Nickel or chromium 
gradients could neither be seen in the 
ferritic layer nor in the bulk material 
immediately below the ferrite-austenite 
interface. 

Comparison of the corrosion effects observed 
on components of different loops led to a 
number of apparently conflicting, or at least 
unexpected observations: 
- corrosion rates are not a unique function of 

temperature (e.g. about the same rates were 
found in tubes exposed at 700°C and 400°C), 

- the thickness of the ferritic surface layer, 
which develops during exposure of austenitic 
stainless steels to liquid lithium or liquid 
Hthium-lead, is not always directly 
proportional to temperature even for 
material exposed in the same loop, 

- ferritic layer thicknesses as developed in 
different loop systems are even more 
difficult to compare, 

- extensive Intergranular penetration below a 
5 to 10 Mm thick ferritic surface layer 
occurred in the heater-section and dumpline 
of the lithium-lead loop, 

- corrosion and deposition phenomena were seen 

at the same location in the loop (cold leg 
of LEL I : nickel-rich deposits superposed on 
porous corrosion layer.) 

Most of the above-mentioned contradictory 
results could at least be explained 
qualitatively by considering that the mass 
transfer of an element in a circulating liquid 
metal system, is determined not only by 
exposure temperature and the impurity level of 
the liquid metal, but also by flow conditions 
(laminar, turbulent or disturbed) and the mean 
concentration of the element in the liquid 
metal (6). 

Finally, the second run of *ne forced 
convection loop MALICE was evaluated, where 
one of the test tubes was submitted to a high 
magnetic field (2T). This run was also 
performed under quasi-isothermal conditions. 
Test duration was 2,000 hours and test 
temperature was 450°C. Metallographic analyses 
revealed no ferritic surface layer formation 
at any location. The section submitted to the 
magnetic field showed enhanced surface 
roughness, compared to the "non-magnetic" 
section. This has to be confirmed in a third 
run at a higher temperature (500°C, 1000 h) 
which has now been completed. Metallographic 
analyser of samples from this test run are in 
progress,. 

2.3.10 Corrosion of materials in an 
environment typical of coal 
gasification plants 

w. Debruyn, H. Tas 

800 C 

600 C 

\ 

Alloys 

Fig. 2.3.10.1 : Weight loss data for different 
alloys exposed to coal gasification gas 
compositions. 
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This work is performed in the framework of the 
European COST 501 action. The degradation 
behaviour of candidate construction materials 
for coal gasification plants has been 
determined by performing corrosion experiments 
in synthetic gas atmospheres. The corrosion 
behaviour of a selected number of alloys and 
steels was evaluated after exposures up to 
900 h in mixtures of ̂ /HgS/CO/^O in argon. 
At the temperatures considered (600°C and 
800°C), the prevailing gas compositi.ns were: 

p02 

pS2 

a. = 0.62 
(T = 600°C) 

0.9. H T * 7 bar 
1.10"12 bar 

p02 - 1 
pS2 * 0.9 
a- » 0.04 
(T = 800°C) 

10"22 bar 
10 - 1 0 bar 

Kinetic data obtained through gravimetric 
analyses confirmed the importance of tempera
ture, sulphur and oxygen partial pressures and 
alloy composition, on the corrosion rate. This 
is illustrated In Fig. 2.3.10.1, where weight 
changes of a resistant steel, a less resistant 
steel and a typical nickel alloy are compared 
to the mean performance after an exposure of 
900 hours. Metallographic techniques were used 
to determine the corrosion mechanisms 
involved. This degradation mechanism appears 
to be governed by the formation of oxide 
surface layers composed of Cr2Û3 and spinel 
type structures, eventually followed by 
penetration of sulphur and grain boundary 
sulphidation. The onset of internal 
suphidation depends on the transgression of 
threshold values of the sulphur partial 
pressure or activity for a given temperature 
and alloy composition. The protective power of 
the surface oxide layers can Indeed be 
sufficient to prevent internal sulphidation. 
Nickel alloys, as a class, are extremely 
sensitive to sulphidation as shown 1n Fig. 
2.3.10.2, which gives metallographic and 
mlcroprobe evidence for sulphur attack in Ni 
200. 

•A MO |IOO*C/900u) 

(•) 

M IIM*C/400u) 

(b) 

On the basis of these preliminary data, it can 
be concluded that AISI 309, AISI 310 and 
Avesta 253 MA display both low weight losses 
and low internal sulphidation. These alloys 
can thus be considered as suitable base 
construction materials. Avest« 253 MA, 
however, could be sensitive to selling of the 
protective oxide layers when subjected to 
thermal cycling. 

Fig. 2.3.10.? : Sulphidation of nickel-base 
alloy in coal gasification gas composition. 
Exposure temperature 600°C, exposure time 600 
hours. 

(a) : metallographic cross section 
(b) : sulphur distribution as revealed by EPMA 

2,3.11 Corrosion of contruction materials for 
high temperature heat exchangers 

W. Debruyn, H. Tas 

An evaluation of metallic materials for 
different components of a waste incinerator 

has been started. Prime attention has been 
given to the planned installation of a high 
temperature heat recuperator. The main 
projected features of the off-gases in the 
heat exchanger are a very high inlet 
temperature (around 1000°C) and a high 
HC1-concentration (up to 1.5 volumepercent). 
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As a first step, a test-rig is being loaded 
with a number of potential materials. Among 
these are: AISI 310 (standard, unprotected), 
AISI 310 protected with an overlay coating 
(NiCrAl/SiC; and with a diffusion coating 
(aluminium). Also superalloys (Hastelloy X) 
and co-extruded material (Fecralloy) are 
included in the series. AISI 316 is foreseen 
as reference material. The metallic materials 
are tested in comparison with a purchased 
refractory material. The initial conditions 
under which the rig will be operated are a 
temperature of 900°C (including thermal 
cycling) and a HC1 concentration of 3 
volumepercent (to account for waste 
composition variations). 

This work is performed as part of the HAWAI 
project (Hazardous Waste Incinerator). 

2.3.12 On-site material damage evaluation for 
low enthalpy geothermal venture based 
on saline cretaceous formation water 

J. Oresselaers, H. Tas 

The Maastrichtiaan aquifer, situated at the 
top of a cretaceous formation, extends over a 
relatively large area in the north of Belgium. 
A first well situated in the urban centre of 
Turnhout (depth: 800 m, temperature at well 
head: 37°C) started operating at the end of 
1985 for feeding a thermal power station. 

In order to evaluate the corrosion and 
deposition damage which may occur in this 
geothermal water, a water characterization and 
materials test station will be connected to 
the geothermal circuit and operated initially 

?:«&tyr4>$fê(ifr'* 

Fig. 2.3.12 : Water characterization and materials test station adapted for connection to the 
Turnhout geothermal well. 
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during a relatively short period (2 months) 
and later during a relatively long period 
(twelve months). During this initial phase of 
the programme a number of adaptations have 
been made to an existing test station. To 
limit the power station energy losses, the 
geothermal fluid will not be cooled in the 
heat exchanger of the existing test station, 
but will be reintroduced in the hot feed line 
of the power station. The data acquisition 
system has been improved to limit operator 
control during the relatively long test runs 
envisaged. Preparation of material coupons 
from a wide variety of candidate construction 
materials, including synthetic materials and 
coatings, is in progress. A general view of 
the adapted test station is given in Fig. 
2.3.12. 

This work is carried out in cooperation with 
Flageos (Flemish Association for Geo thermal 
Systems) under contract nr. EN 39-0039-B with 
the Commission of the European Communities. 

2.4 MATERIALS CHARACTERIZATION 

2.4.1 Thermal analyses 

L. Coheur, M. Geladi-Heylen 

At the request of an external laboratory, 
thermogravimetric experiments were performed 
on various WC and TIC powders under flowing 
oxygen in order to determine their oxidation 
kinetics. Based upon these measurements the 
mean particle size of the powder could be 
deduced. 

OTA experiments were carried out on calcium 
silicate^for the Materials Physics Department. 
The same technique has also been extensively 
used for the determination of phase 
transformation temperatures in ODS alloys. 

2.4.2 Fracture mechanics 

Ph. Van Asbroeck, J.L. Puzzolante, 
A. Nadji, A. Hennen (FYS) 

The infrastructure of the new fracture 
mechanics laboratory has been finalized. The 
laboratory is now ready to receive the 
fracture mechanics equipment, which has been 
purchased. 

Determination of the J j d value (dynamic 
J-1ntegral) according to the ASTM E 813-81 
practice should be based on the relation J » 
2af.ûa, in which J, o f and Aa stand for the 
J-1ntegral, flow stress for the given test 

conditions and the apparent crack extension in 
the stretched zone at the crack tip, 
respectively. However, this procedure leads to 
overestimated JJJ values, particularly for low 
strength materials. Another approach has 
therefore been explored. Fatigue pre-cracked 
CVN specimens can be submitted to impact with 
different striking energies. The cracked 
surface is then marked by heat tinting, before 
being ruptured completely at liquid nitrogen 
temperature. Several parameters characterizing 
the stretched zone can then be measured i.e. 
the so-called crack opening displacement 
(COD), the stretched zone width (SZW) and the 
apparent crack extension (Aa). These 
measurements can be made with high precision 
in a scanning electron microscope (SEM) but 
optical microscopy also yields satisfactory 
values. Such experiments lead to the 
determination of critical "COD" and "SZW" 
values corresponding with the crack initiation 
point at which the Jj d value is measured. 

In many instances, a limited number of CVN 
specimens is available for the determination 
of a transition temperature and the upper 
shelf energy. It is therefore of prime 
importance to optimize the information that 
can be derived from these samples. 
Optimization can be achieved by the proper 
choice of test temperatures and taking into 
account all information already available. A 
method, based on Bayes1 an statistics has been 
studied and partially tested and its 
computerization is in progress. 
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3.2 FABRICATION AND CHARACTERIZATION OF SOL10 
BREEDER MATERIALS FOR FUSION REACTORS 

A.J. Fllpot, E. Brauns, P. Oiels, F. Luyckx 
R. Lecocq 

This programme has been carried out under the 
auspices of the European Community (contract n° 
100/82/1-FUA-B with the Belgian Government) and 
is part of a coordinated investigation on 
ceramic breeding materials for fusion reactors. 
It is intended to develop a fabrication process 
for the investigation of the properties and 
in-pile behaviour of lithium metasilicate and 
lithium metazirconate. 

3.2.1 Fabrication investigation of lithit 
metasilicate 

this confirms and extends previous results 
obtained with lithium metasilicate containing 
up to 1 X orthosilicate (4). 

Previous experiments (1) have shown that the 
characteristics of the raw materials can play 
an important rôle on the reaction during 
pre-calcination: alpha-quartz and medium size 
Cristobalite powders with a low specific 
surface area do not easily react with lithium 
carbonate, whereas pyrogenic silica powders 
with a specific surface area ranging from 100 
to 300 m*/g and an apparent density of 0.1 
g/cm3 produce very good results. 

These experiments have been completed by using 
precipitated silica powder with a high specific 
surface area (200 m2/g) and a relatively high 
apparent density (0.45 g/cm3). Though this 
powder contains many large agglomerates, it can 
be easily dispersed in water and mixed with 
lithium carbonate up to concentrations of about 
600 g/1. These concentrated suspensions have a 
low viscosity, which is advantageous to sepa
rate easily the milled suspension from the 
balls of the attritor mill and to increase the 
milling capacity. Some lithium silicate batches 
containing 1.6 to 5.5 X orthoslHcate have been 
prepared out of suspensions presenting espec-
tlvely 95, 144 and 176 g/1 solid material and 
calcined in two-steps (2, 3). The concentration 
of the suspension seems to affect the density 
of the green pellets : It ranges from 45.6 to 
50 X T.D. for a 100 MPa compaction pressure. 
All batches sinter easily up to high densities. 
The concentration of solid material 1n the 
suspensions has no effect on the sintered 
density for pellets sintered above 925°C. 

As shown 1n Fig. 3.2.1.a all pellets sintered 
at 925°C and 950T have densities around 95 X 
T.D. Sintering at 1000°C lowers somewhat the 
density down to 92.5-93.5 X T.D. When sintered 
below 925°C, the batches, prepared out of 
diluted suspensions, sinter to higher densi
ties. On the other hand, the orthosllicate 
content does not affect the sintered density: 
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820 860 900 940 980 1000 *C 

Fig. 3.2.1.a : Influence of the concentration 
of the suspension on the sinterability of the 
batches. 

The integrity of the pellets is rather poor : 
they sometimes show chipping and very fine 
bubbles. They may be caused by the high fluo
rine contamination (experimental powder). This 
silica batch contains actually 670 ppm F". By 
experience it has been found that fluorine 1s 
only partly eliminated during sintering under 
air. After 5 h at 875°C, the fluorine contami
nation remains as high as 450 ppm, while after 
5 h at 1000°C there are still 90 ppm F* in the 
pellets. These results show how difficult it 
Is to eliminate a high fluorine contamination 
out of high-density pellets. 

Table 3.2.1 : Fluorine content in powders and 
pellets 

Physical form 

powder SP67 

powder SP54 
pellet M147 
pellet M131-1 

milled pellet 

pellet 540 ks 

Fabrication step 

spray-dried 
calcined at 550°C 
calcined at 550°C 

sintered 14 h at 845°C 
pyrohydrolysis : 

3 h at 800°C 
pyrohydrolysis ; 
30 m1n at 850°C 

sintered 7 h at 950°C 
(d$ - 68 X T.D. ; 

9 * 6 mm) 

ppm F" 

246 
186 
136 
110 

103 

10 
11 
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Other experiments, performed on pellets made 
with another type of silica and accidentally 
contaminated with fluorine, confirm the diffi
culty to eliminate fluorine even with 80 % 
T.D. pellets :f '.' mm diameter. Table 3.2.1 
summarizes the results. The fluorine content 
can be reduced to a very low level with low-
density (68 X T.D.) and small diameter (6 mm) 
pellets. A small chlorine contamination can be 
eliminated more easily by sintering. F" and Cl~ 
analyses have been performed at 10OO°C on 
finely-milled samples, acidified by adding an 
amount of silica. 

Structure of the pellets 
Coarse-grained pellets sintered at 900°C and 
above have been polished and etched for exami
nation by optical microscopy. Fractured surfa
ces of pellets sintered between 825°C and 
1000°C have also been examined by scanning 
electron microscopy. 
As already mentioned for other batches (5), the 
sintering temperature is the main factor 
controlling the grain size and shape. 
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The grains grow rapidly above 850°C and become 
angular: their size ranging from 2 to 3 urn 
after a 5 h sintering at 875°C. Traces of a 
liquid-like phase, usually visible in hyper-
stoichiometric samples sintered at 900*0, (5) 
are much less detectable with this silica 
quality: they have only been detected in 
samples containing 5.5 X lithium orthosilicate 
and sintered at 850°C. They do not appear in 
pellets with less orthosilicate. All pellets 
sintered at 875°C-900°C show a compact struc
ture. The pellets recrystallize earlier 
(925°C) than the usual ones (950°C), but the 
phenomenon does not generate the formation of 
very long and large crystals. Only a *"w 
elongated but relatively small crystals ar» 
visible in a coarse matrix. 

Fig. 3.2.1.b shows how the average grain size 
changes as a function of the sintering tempe
rature of lithium metasilicate pellets contai
ning up to 5 S orthosilicate. Previous results 
obtained with an aerosil silica are also 
plotted. Both curves show a discontinuity 
corresponding with Lie formation of a close-
packed structure without open porosity. It 
must be noted that the curve for pellets 
prepared with aerosil, is strongly affected by 
a number of elongated large crystals appearing 
above 950°C. In fact, the equi-axed grains of 
the matrix lie around 10 urn in pellets sinter
ed from 950°C to 1030°C. 

Porosity of the pellets 
This important characteristic has been measur
ed on some samples by mercury porosimetry. The 
results are summarized in Fig. 3.2.I.e. They 
show that the fraction of open pores is not 
affected by the percentage of orthoslHcate 
nor by the sintering temperature up to 900°C. 
They also confirm that non-recrystallized 
pellets with a density above 90 * T.D. have no 
or at the most a negligible quantity of open 
pores. Below 85 X T.O. the percentage of open 
pores is less than when "aerosil" silica from 
Degussa has been used. At 925°C already a new 
porosity pattern 1s shown and open pores 
appear again. The relative percentage of open 
porosity tends to Increase with Increasing 
sintering temperature: starting from 56 X of 
the total porosity in pellets sintered to 95 X 
T.D. at 925°C, the open porosity represents 72 
X of the total porosity after 5 h at 950°C and 
84 % after 5 h at 1000°C. 

F1g. 3.2.1.b : Mean grain size in lithium 
metasilicate pellets containing some orthosili-
cate as a function of the sintering tempera
ture. 

Pellets sintered 5 h at 825°C or 850°C have 
sub-m1cron grains ; they are rather spherical. 

It seems therefore that in contrast with the 
previous results (aerosll) these pellets are 
not fully recrystalllzed after 5h at 950°C. 
The characteristics of the silica powders also 
change the open-pore size of lithium silicate 
pellets. Using aerosil silica the mean pore 
diameter is usually about 0.1 cm 1n pellets 
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Fig. 3.2.l.c : Fraction of open porosity in pellets sintered up to 900°C. 

sintered to medium or high densities, recrys-
tallized or not. The present silica quality 
generates larger pores with a mean diameter 
usually ranging from 0.15 urn to 0.35 urn depen
ding on the pellet density. These results are 
valid for sintering temperatures between 825°C 
and 875°C. Fig. 3.2.l.d shows how the pore size 
changes with the pellet density. 

pore diaoeter 
uni 

0.4 

0.3 

0.2 

0.1 
90 Z T.D. 

Fig. 3.2.l.d : Mean open pore size 1n pellets 
sintered up to 8756C. 

In non-recrystallized pellets the finest pores 
are progressively eliminated up to densities of 
about 90 * T.D. For higher densities, all the 
pores are usually closed but some large open 

pores cannot be eliminated and remain as such 
in the structure. This explains why open pores 
of 0.45 urn can be found (only some tenths of 
percent) in 92-93 % T.D. pellets. 
When recrystallization occurs, relatively fine 
pores are formed: their diameters range from 
0.05 to 0.1 urn, the largest ones resulting 
from a sintering at 1000°C. 

3.2.2 Fabrication studies of lithium 
metazirconate 

According to G.W. Hollenberg and D.L. Baldwin 
(6,7), lithium metazirconate possesses the 
lowest level of retained tritium and helium 
between 500°C and 900°C by comparison with 
LioO, LiA102 and U4SIO4. This compound also 
exhibits very little swelling. Moreover, 
compatibility tests (500-700°C) with austenl-
t1c and martensite-ferrltic steels on the one 
hand and lithium compounds on the other (8) 
show that the cladding attack is strongest for 
L120, followed by L14Si04, L12S103, Li/U02 and 
L12Zr0v Lithium metazirconate 1s therefore a 
promising ceramic breeder candidate. 

The process developped foi the fabrication of 
lithium metasllicate is being applied to the 
synthesis of lithium metazirconate. Experi
ments, carried out 1n a thermobalance and 
confirmed by 50 g calcinations in a laboratory 
furnace, indicate that a slnterable metazirco
nate powder can be synthetlzed, starting from 
lithium carbonate and zirconium oxide. This 
powder has been cold pelletlzed and has been 
sintered 1n a temperature range from 800°C to 
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1000°C. 
A sintering temperature of 800°C is, in fact, 
too low because the pellets treated under these 
conditions still contain some traces of lithium 
carbonate. As a matter of fact the densifica
tion is poor. As shown b> sintering experiments 
performed in a dilatometer, a good sintering 
rate is reached only above 850°C: at this 
temperature no traces of unreacted carbonate 
are found but the fired density is still 
relatively low. An X-ray diffraction analysis 
shows monoclinic and tetragonal metazirconates. 
The percentage of the tetragonal phase decrea
ses with increasing sintering temperature and 
it disappears completely at a high temperature. 
It is interesting to note that even a 93 I T.D. 
metazirconate pellet still has an extended open 
porosity with a mean pore diameter of 0.3 urn. 

3.2.3 Characterization techniques 

Grain size being an important characteristic of 
fusion breeder materials, experiments have been 
started in view of finding a suitable etchant 
for sintered lithium silicate pellets. The 
investigation has led to a promising etchant 
composition. Further investigation is however 
still necessary. It has been experienced that 
the etching quality depends on both the stoi-
chiometry of the lithium silicate and the 
efficiency of the impregnation material. 

3.2.4 Irradiations 

G. Verstappen, A.J. Flipot, P. Diels 

SNL-Springfields, CEN/SCK-Mol, ECN-Petten and 
JRC-Petten cooperate in a joint effort to 
perform irradiations carried out in the HFR 
reactor in Petten. They are named EXOTIC 
(Extraction p_f Tritium In Ceramics). These 
irradiations are carried out in a rig contai
ning four independently controlled sample 
holders. Each sample holder contains two 
capsules: the upper capsules are vented and 
purged with helium doped with 0.1 % hydrogen to 
measure tritium release in-situ, the lower 
capsules are closed. A more detailed descrip
tion of the irradiation device, developped at 
ECN (Petten) is given in (9) . 

3.2.4.1 Exotic I 

The two upper capsules containing the CEN/SCK 
pellets were vented and instrumented with 
thermocouples and neutron flux detectors. The 
purge gas flow rate was about 150 cm3/min. The 
first capsule was irradiated at an average 
temperature of 395°C, the second one at 505°C 
during 25 days. 
It has been stated that after the final adjust
ment of the temperature, the tritium release 
has been reaching equilibrium within a day. The 

quantity of tritium, released during irradia
tion, has been measured by using an ionization 
chamber: subject to confirmation, it amounts 
to 67-68 X of the generated tritium. Similar 
values are obtained for the pellets irradiated 
at 395°C and 505°C. As each capsule contained 
4 different batches of lithium metasilicate 
pellets with proper characteristics, specific 
effects of grain size and porosity on the 
tritium release rate cannot be known before 
the post-irradiation examination is terminat
ed. 

3.2.4.2 Exotic II 

The irradiation of the rig in the HFR reactor 
started on January 3, 1986 and was completed 
after 2 reactor cycles (February 25, 1986). 
T'-.'ee capsules with CEN/SCK high-density 
lithium netasilicate were irradiated, two in 
upper position (n° 5.1 and 6.1) and one in 
lower position (n° 5.2). They were all vented 
by connecting the lower capsule (5.2) to the 
upper capsule 5.1. This means that the purge 
gas passed through both 5.1 and 5.2 capsules 
and that the evacuated tritium corresponds to 
the total release of both capsules. As only 
one tritium measuring station was available, 
the two separate gas lines were alternately 
connected to it. 

The couple of interconnected capsules was 
irradiated at about 600°C (630°C and 575°C) 
while the capsule 6.1 was maintained at 425°C. 
The temperature of the different capsules was 
adjusted to the target values within one day. 
The temperatures remained practically constant 
during the experiment except for a short 
period of time at the end of the first reactor 
cycle. In this period a temperature decrease 
was achieved in a few steps of about 40°C in 
order to determine the effect of a temperature 
change on the tritium release. After a decrea
se of about 150°C the temperature was adjusted 
to the initial levels. 

The tritium release rate of the EXOTIC II 
pellets was almost constant but lower than 
that of the EXOTIC I pellets (10). This would 
Indicate that the tritium release from pellets 
having a very high density (95-96 % T.O.) and 
a large grain size (10-12 urn) is lower (44 and 
32 S respectively) than the release from 
pellets with a medium density (83 S T.D.) and' 
finer grains (68 %). These data must still be 
compared with the percentages of retained 
tritium that ;.re being analysed. The differen
ce in tritium release between the pellets of 
the capsules 5.1 + 5.2 and of 6.1 is most 
likely to be attributed to the difference in 
irradiation temperature: 630, 575°C and 425°C 
respectively. 
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3.2.4.3 Exotic III 

The four batches prepared during the second 
half of 1985 were fully characterized. Table 
3.2.4.3 gives the w in characteristics of the 
pellets. 

Table 3.2.4.3 : Pellets characteristics 

Batch 
Number 

SP232/2 
SP233 
SP266 
SP277 

Sinte
red 

density 

<*Hg 
XT:D. 

76.6 
76.6 
75.7 
87.4 

Phase 
:omposit. 
accord. 
X-ray 
anal. 

0.4X 0. 
0.traces 
5.bi 0. 
6.6X 0. 

Grain 
size 

0.1 -0.5 
0.15-0.4 
0.2 -1 
0.5 xl.2 

to 

Open pores 

X 

23.2 
23.4 
24.1 

+10 

1.5 x4 

Mean f 
m 

0.12 
0.11 
0.12 
0.01 

min constituent = lithium metasilocate 

X orthosilicate 

X disilicate 

"0(110) 

"0(110) + "Mdll) 

HD(111) 
HD(111) + "rHlll) 

x 100 

x 100 

where M stands for lithiuR metasilicate 
0 stands for lithium orthosilicate 
D stands for lithium disilicate 
H stands for the height of the 

corresponding diffraction line 

The irradiation of these pellets in the HFR 
reactor started- on April 17, 1986 and was 
completed after three cycles (July, 7, 1986). 

3.3 ENGINEERING CERAMICS 

3.3.1 Powder characterization 

P. Oiels, H. Van Gerven 

Different commercial silicon nitride powders, 
fabricated via different routes have been 
compe»»'' Characterization includes apparent 
density, tap density, specific surface area, 
particle size analysis. X-ray diffraction and 
scanning electron Microscopy. Sane typical 
results are summarized in Table 3.3.1. The 
powders are characterized in view of a compa
ra tive study of their shaping by injection 
Moulding and of their sintering behaviour. 

3.3.2. Injection Moulding * 

A. Smolders, H. Van Gerven 

This study is related to the formulation of a 
binder system suitable for injection moulding 
sinterable silicon nitride powders. Beams are 
tried to be moulded for mechanical tests. The 
composition of the binder systems used is 
inspired by a mixture giving good results with 
silicon and refractory grade silicon nitride 
powders but had to be adapted to cope with the 
divergent physical properties of sinterable 
silicon nitride powders. The first test beams 
Moulded u t of sinterable powders "A" show 
typical defects. They are only visible after 
the binder is burnt out. It is tried to avoid 
these defects in three different ways: 
- adapting the Moulding parameters, 
- relating powder characteristics to binder 
behaviour, 

- changing binder composition. 

3.3.3 Sintering of silicon nitride * 

R. Gilissen 

The study involves : 

- comparison of d i f fe rent commercial powders, 
produced v ia d i f f e ren t routes, 

- def in i t ion of suitable parameters fo r 
optimal sinter ing a t atmospheric pressure. 
This includes the qua l i ta t ive and quantita
t i ve choice of sinter ing a ids , the sintering 
temperature, the soaking time at tempera
ture , suitable powder bed and sintering 
atrotsphere. 

Table 3 .3 .1 : Typical characteristics of comnerciai Si3N4 fowfers 

TYPE 

A 
B 
C 
0 

FABRICATION ROUTE 

nltrldatiun of silicon 
liquid Interfacial reaction 

gas phase reaction 
carbo-reduction of silica 

MEAN P/.RTICLE 
SIZE 
*um) 

2.5 
1.8 
6.4 
2 

SPECIFIC 
SURFACE AREA 

(m*/g) 

20 
10 
4 

TOTAL METALLIC 
IMPURITY CONTENT 

(PP«|) 

+ 800 
• 150 
• 150 
+ 1000 

Work performed under contract with Industry 
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The first results indicate that it is necessary 
to mill the mixture of silicon nitride powder 
and sintering aids. It was evidenced that small 
Impurity concentrations play an important rôle 
on the sintering behaviour. Contamination 
during the milling step can be avoided by using 
silicon nitride balls. Fig. 3.3.3 shows the 
effect of the milling time of mixtures of 
silicon nitride powders "A" and sintering aids 
on the sintered density. 

co 
C 
o •o 

T> 
V 
M 
01 

c 
• H 
10 

1/12 1/2 

milling time (h) 

Fig. 3.3.3 : Influence of the milling time of 
silicon nitride powders (type A) mixed with 
sintering aids on the sintered density of 
pellets. 

3.3.4 Extrusion 

J. Sleurs 

As mentioned 1n the previous rer c (5) a 
suitable powder-plasticizer mixtur is searched 
for extruding silicon carbide tubes. The 
optimum composition of a water based system is 
being determined experimentally. The water-
soluble polymers are proved to be advantageous 
because they allow room temperature processing 
and a relatively easy removal of the bulk of 
the binder (water), followed by the pyrolysis 
of the polymer. The silicon carbide powder and 
the organic additions are mixed with water to 
form a slurry which is partially dried 1n a 
mechanical kneader, equipped with a heating 
jacket. It 1s still difficult to control the 
degree of drying, but the experiments have made 
it possible to screen the water content neces
sary to obtain a extrudable mixture. For a 
better control of the water content, it is 
advised to dry the slurry completely and to 
re-add the necessary amount of water. 

It has been evidenced that the transition from 
non plastic to plastic behaviour as a function 
of the water content 1n the system is very 
sharp. This is so critical that, in some cases, 
the squeezing out of uie water by the extrusion 
pressure 1s sufficient to change the flowing 

properties of the system during the extrusion 
cycle. 

Efforts are now focussed on finding and 
testing suitable wetting and/or water reten
tion agents. This is time-consuming because 
there are only very few publications on the 
subject. There is relatively little documented 
understanding of organic additives and as a 
consequence no selection criteria are availa
ble. Cellulosic and vinyl-based binders in 
combination with wetting agents and lubricants 
are being investigated. Sintering aids are 
also admixed in order to obtain high density 
silicon carbide parts. Boron carbide and 
organic resins have been tested on pellets: 
preliminary results are shown in Table 3.3.5. 
Organic resins improve sinterability but can 
exert a negative effect on drying because of 
skin formation. 

Table 3.3.5 : Influence of additives on the 
sintered density of silicon 
carbide pellets 

Mixture 

SIC; ceilulosic 
binder; B4C 

S1C; cellulosic binder; 
B4C, organic resin 

SiC 
B4C, organic resin (used 
as binder also) 

S1C; vinyl binder; 
B4C 

SiC; vinyl binder; 
B4C, organic resin 

Sintered 
Density (Hg) 

2.40 

3.14 

3.05 

2.41 

3.12 

3.3.5 Cold Isostatic pressing 

J. Schrijvers, J. Sleurs 

A total an.ount of about 80 CIP cycles have 
been perform'd: 
- for the fusion reactor solid breeder pro
gramme 

- for the production of SI3N4 and SiC cruci
bles for our own laboratories 

- for the fabrication of small crucibles (0 
20 mm, H 20 ran) for high pressure 
dilatometry. 

Some examples are shown in Fig. 3.3.5. As it 
can be seen the compacted green bodies have a 
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sufficient strength to machine an external 
thread. For HP di la tome try the bottom of the 
small crucibles has been internally and exter
nally machined to obtain f lat and parallel 
reference planes. 

Fig. 3.3.5 : Samples produced by CIP and 
machining. 

3.3.6 Mechanical properties 

J. Sieurs 

It has previously been reported (5) that a 
significant variation in the Weibull-parameters 
m and oQ was observed estimating whether they 
were using the method of moments (m, oQ and ou 

are estimated) or the Ln-plot (assumes °u = 
zero; m and oQ are estimated). This variation 
has actuated a restricted literature survey on 
estimation methods of the Weibull-modulus m. 
Common methods of estimating the Weibull-
modulus m are surveyed 1n (11). The relation
ship between ou (zero strength) and m 1s 
observed to be closely linear when using 
maximum likelihood estimates; the highest value 
of m corresponds with ou * zero. It is also 
indicated that the safety factors for ou » zero 
are higher than those for other values of « u 

and it is recommended to use ou * zero for 
brittle materials as well for safety reasons as 
for the consistency 1n the definition of the 
Wei bull-modulus. 

Based on the properties of the flaw size 
distribution and the stress necessary to 
fracture an inclined crack, the same authors 
have developped a general expression for the 
failure probability of a brittle material. An 
important fact emerges from their analysis: the 
Welbull-modulus m is related to a parameter 
describing the flaw size distribution of a 
brittle material. So It has become possible to 
give physical meaning to the Welbull-modulus, 
hitherto considered to be an empirical con
stant. Nevertheless, certain restrictions are 
noted In the Interpretation of the Weibull 
modulus (12,13). 

3.4 SUPPORTING ACTIVITIES AND SERVICES 

3.4.1 General activities and services 

P. Diels 

Four samples have been examined by microprobe 
analysis for the high level waste characteri
zation programme. On request of an external 
customer, eight U0£ powder samples have been 
characterized by scanning electron microscopy. 
The open porosity distribution of four filling 
material samples have been determined by 
mercury porosimetry in the frame of the geolo
gical disposal of high level and alpha-conta-
ainated waste. 

On demand of an external customer specific 
surface area determinations by B.E.T. method 
have been carried out on two tungsten powder 
samples in the frame of the development of 
dispersion containing materials and on four 
organic powders. Photographic services have 
been rendered to the non-nuclear environmental 
research and the fluidized bed combustion of 
coal fractions programme. 

3.4.? Hot isostatic pressing unit 

G. Verstappen 

In the frame of the research on ceramic mate
rials it was decided to buy a hot isostatic 
press In which low-pressure is also possible. 
For efficient use of this equipment it was 
decided that most functions should be fully 
automated. 

The work on the automatisation has been cente
red around the following functions: 

1. The temperature setpoint and slope and the 
pressure setpoint and slope of the working 
cycle are to be stored as recipes. After 
the start-up this recipe will be executed 
without operator interference. 

2. All safety limits regarding temperature, 
pressure, valves, pumps, etc. are to be 
continuously monitored and 1f necessary 
safety actions have to be taken automati
cally. 

3. All data related to the work cycle is to be 
logged on paper and on r'loppy disc for 
further processing. 

From the detailed analysis of all the specifi
cations by National Forge Europe in collabora
tion with a software house and the client 1t 
was decided to Implement all those functions 
in two interconnected microcomputer systems. 
The distribution of the functions over these 
two systems was decided as follows : 



56 

1. A processcomputer type umac 5000 from Analog 
Devices controls and measures the pressure 
and temperature values during the work cycle 
and surveys on a interrupt base the safety 
conditions of the complete installation. 

2. An IBM-PC permits the creation of recipes ; 
it fur'*iermore stores those recipes and 
sends the chosen recipe to the process 
computer on its demand. Furthermore this 
computer transfers the measured data of the 
working cycle to floppy discs for further 
analysis. 

All these functions are implemented in software 
programmes written in BASIC. 

The procedure for the execution of a work cycle 
is as follows : 

1. Through a menu driven programme the operator 
decides on the parameters of the temperatu
re, pressure and time of the work cycle. 
These parameters are stored in a recipe 
after a series of validation tests. 

2. After the start-up this recipe feeds the 
process computer through the communication 
channel. The process computer controls with 
this recipe parameters the overall cycle and 
sends data back to the IBM-PC. These data 
are visualized on the operator screen and 
stored together with the recipe parameters 
on floppy disc. On Intervals of 6 seconds a 
safety check of the overall installation Is 
performed. This realization was done 1n 
close collaboration with the supplier 
National Forge Europe and the software house 
SCIENTIC. 

Final reception of the complete installation 
tests are now on the way. 

3.4.3 Datalogger 

G. Verstappen 

On request of an external customer, a software-
programme for data treatment was written to 
complement the software of an installed data
logger. This complement written in the cownand 
language of D Base-3 (trademark ASHTON TATE) 
aims at storing and manipulating data for 
plotting in a friendly way for the user. 

3.4.4 Thermal shock resistance of ceramic 
materials 

R. Gillssen 

An industrial company asked SCK/CEN to make a 
market survey and a comparative material study 
fn view of realizing a ceramic component which 
should be exposed to high thermal shocks. The 

task of SCK/CEN is to propose one or more 
suitable candidate materials and to find a 
manufacturer who has the skill and the equip
ment to start a large scale production in the 
near future. 

Material screening is being performed in 
cooperation with our client. A special test 
bank has been designed and constructed simula
ting the heating and cooling cycles in a 
realistic environment. Material behaviour is 
evaluated by measuring the elastic properties 
of the material by a non destructive test 
method (Grindo-sonic equipment). The method 
proves to be successful in screening suitable 
materials and in following the aging effect of 
cyclic thermal loading on the tested ceramic 
materials. 
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4.2 RADIOCHEMISTRY INVESTIGATIONS 
A. Bruggeaan 

4.2.1 Fusion research - Electrolysis of 
tr l t iated water 

A. Bruggeman, R. Cornelissen, A. Rahier 

In a fusion reactor, highly tr l t iated water can 
be formed either when tritium is extracted out 
of the blanket or during the plasma exhaust 
purification. The recovery of elemental tritium 
out of this HTO or DTO streams is essential as 
a preliminary step before the recycling of the 
fuel to the reactor. As electrolysis appears to 
be very promising, a dedicated cell is being 
developed for that purpose, taking into account 
the numerous and severe constraints related to 
the handling of pure liquid HTO. This work is 
sponsored by the Commission of the European 
Communities in the framework of the Association 
contract No. 100-82-1 FUA B of Fusion Technolo
gy. 
Two alternative cell designs are being investi
gated during non-active mock-up experiments. 
The f i rs t full-scale prototype cells have been 
constructed. Their testing in representative 
conditions is foreseen in an "active" test loop 
and the necessary infrastructure for these 
tests with increasing amounts of tritium has 
been investigated. Because of budgetary 
restrictions a realisation at this level has 
been postponed and the full scale active tests 
will probably be carried out abroad in appro
priate installations. 

4.2.1.1 Horizontal electrolytic cell 

Using sulfuric acid as electrolyte, further 
tests were carried out with a plexiglass mock-
up cell of the horizontal type. Cooling of the 
cell at low liquid inventory, and consequently 
low liquid level, was st i l l insufficient. 
Furthermore this cell had a ceramic gas separa
tor, and Its open porosity was not yet optimal 
for wetting the cathode without leakage of 
liquid. Replacement was postponed because the 
newly delivered ceramic plates deteriorated 
quickly in 50 wt % sulfuric acid, contrary to 
those of a previous batch. An Improved mock-up 
cell has been constructed and the main compo
nents for a prototype horizontal cell have been 
fabricated, as a back-up solution for the 
vertical cell whose development 1s presently 
being emphasized. 

4.2.1.2 Vertical electrolytic cell 

After more than 7000 hours without any Inter
vention, the operation of a mock-up capillary 
electrolysis cell on a scale 1:4 was stopped 
because of a dramatically steep Increase of the 
cell voltage. The problem appeared after an 

accidental contact with humid air during a 
weekend, with the consequent formation of dew 
and ice on the cold parts of the open cell and 
accelerated corrosion of the materials that 
were provisionally used. Later inspection of 
the gas separator showed that i t had lost most 
of its capillary sorption power for water. 

A mock-up cell on scale 1:1 had accumulated 
more than 3000 hours of operation. In another 
mock-up relatively short tests were carried out 
to investigate the behaviour of the capillary 
electrolysis cell at different operational 
conditions. Up to now i t has been observed that 
the stability of the working point is closely 
related to some of the investigated parameters, 
such as the void fraction of the gas separator 
and the concentration of the electrolyte. 
Usable ranges have therefore to be defined. 
When the parameters have been chosen correctly, 
the system reaches a stable equilibrium state 
c-nd keeps working without any external inter
vention, as was demonstrated by the long dura
tion tests. 

All the components for a full-scale prototype 
of the vertical cell are available and assembly 
has been started. The peripheric equipment has 
been constructed and is being installed. 

4.2.1.3 Specific loop and infrastructure for 
active tests 

The preliminary flow sheet of the tritium com
patible test loop was described earlier (BLG 
584). Because of budgetary reasons and in view 
of a co-operation with CEA, the further realiz
ation of the loop at SCK/CEN has been delayed. 
The construction of a mock-up loop 1s being 
considered. I t should allow to test the proto
type cells In a recycling mode before carrying 
out the active tests in a French loop. 

The construction of a 100 g tritium laboratory 
In Mol had been indefinitely postponed for 
political reasons. An extension of the tritium 
Infrastructure at the laboratories 57 and 58 of 
the BRI building has therefore been proposed. 
In particular, the necessary secondary contain
ment and the associated gas purification system 
for the safe handling of 300 ml tr l t iated water 
at a specific activity of 3.7 1011 Bq ml -1 have 
been evaluated as a f irst step towards a 
specialisation In the handling of tritium 
oxides at high specific activity. Most of the 
existing or planned tritium laboratories abroad 
are designed for handling the elemental form 
only. 

The proposed gas purification system, which Is 
schematically shown 1n Fig. 4.2.1.3, consists 
out of two separate loops. The argon atmosphere 
of the glove box (4 m3) 1s recirculated in the 



64 

B : boxes 
MPÜ : main purification unit 
SPU : secondary purification unit 
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Fig. 4.2.1 : Schematic representation of the gas purification system for the proposed extension of 
the tritium infrastructure 

main loop (60 to 80 m3 h"1 ) and purified down 
to about 0.5 ppm of water (H20 + HTO), 0.5 ppm 
of h;"irogen (H2 + HT) and 5 ppm of oxygen. The 
purge gas and the more contaminated process 
effluents represent in a typical way about 6 m3 

per day with a tritium concentration of 
1.85 1012 Bq m-3. Before being vented, they are 
batchwise treated in the secondary purification 
loop where recirculation and isotoplc swamping 
can be applied to reach a final maximum concen
tration of 109 Bq m-3 when discharged Into the 
ventilation system. 
The specification for this extension of the 
SCK/CEN infrastructure has been exposed in a 
working document. It summarizes also the under
lying calculations and the experience available 
1n this field. The active tests with THO will 
be carried out in foreign tritium laborato
ries ; they are coordinated by the European 
Community. 

4.2.2 Fundamental metrology of radionuclides 

C. Ball aux 

4.2.2.1 Standardisation of i09Cd-i°9pd activity 
concentrations and of selected data in 
their decay schemes 

At the request of the US National Bureau of 
Standards (NBS), the SCK/CEN participated in 
its laboratories in an international intercom-
parlson of activity concentration measurements 
of 109Cd, organised by the Bureau International 
des Poids et Mesures (BIPM). In this work, the 
emission rate of conversion electrons was 
measured by a 4n-11qu1d scintillation counting 
and a 4 n-SKU) spectrometry. The gamma ray 
emission rate measured by a 4 n-Nal(Tl) spec
trometry. Corrections were applied for other 
radiations detected and for low-energy t a i l 
ing ; the detector efficiencies were computed 
and experimental verified. The activity-concen-
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tration value was also derived from relative 
measurements of the gamma-ray emission rates 
obtained by Ge(Li) and Nal(Tl) spectrometry, 
using i 0 9 Pd, whose activity had been calibrated 
by liquid scintillation counting. The total 
internal-conversion-coefficient measured as 
indicated above was used in turn to evaluate 
the efficiency for the detection of 1,9™iAg. 
The beta-ray efficiency was predicted from 
efficiency tracing with 3H ; the extrapolation 
method was applied. 

For i°9Pd, we found Pj = 13.404 ± 0.008 h and 
for the 109"iAg isomeric transition, <xt = 
26.22 ± 0.15 or PY = 3.67 t 0.02 %. 
A paper is in preparation for publication in 
the open literature. 
MBS supported this work financially and stan
dard sources of 109Cd were supplied to the 
Belgian Nuclear Industry. 

4.2.2.2 Standardization of 1 2 5 I 

The BIPM selected 1 2 5 I as the next radionuclide 
for an intercomparison of activity measure
ments. I t is widely used in nuclear medicine 
but the photons emitted have too low an energy 
to be measured accurately with pressurized-
iom'zation chambers like those of the "Système 
Internationale de Référence" (SIR). Using the 
pin-well Nal(Tl) detector of NBS, employed for 
the 109Cd intercomparison, preliminary measure
ments were already performed. 

The sum-peak coincidence method and 4 % inte
gral counting ca>i be applied for this calibra
tion. In the sum-peak method, self-absorption 
is unimportant ; the largest class B uncertain
ty is liniced to the accurate area determination 
of the single peak and the sum-peak considering 
the estimation of the tai l contribution to the 
other peak. From different peak-evaluation 
methods, i t appears that the areas can be 
evaluated to about 0.1 %. The 4 * Y integral-
counting method is not subject to this kind of 
uncertainty but the self-absorption has to be 
taken into account. The efficiencies of y-
rays, K-X rays, K-Auger electrons and LMNO-
conversion electrons have to be measured or 
computed. Therefore, the computer programmes, 
written for the 109Cd measurements, can be 
used. A few computations have already been 
made. 

4.2.2.3 Development of a tracer technique for 
109Cd by the 4 n (AX)-Y coincidence 
methri. Contract BCMN/ST/85-73 

The measurements with the flow proportional 
counter, f i l led with C^ or Ar-CH^, were not 
succesful, neither with 6^Zn nor with 203Hg 
used as a tracer. The main causes are inhomoge-
neities and varying self-absorption in the 

mixed sources and pronounced coincidence 
summing effects. The latter arise from events 
where a cascade of vacancies occurs in the 
higher shells as a consequence of K- and 
L-electron capture by the nucleus. 
In order to achieve a greater accuracy than 
presently obtained in 4 u pressurized-propor
tional counting (PPC) of the conversion elec
trons, two possible alternatives seem availa
ble, either efficiency tracing with a pressu
rized proportional counter or 4 n (PPC) count
ing of ultra-thin and homogeneous sources. 

4.2.3 Radiochemical Analyses and Services 

C. Ballaux, J . De Wilde, D. Huys, 
A. Verbeke 

4.2.3.1 Standardisation of uranium ore 

As a contribution to the preparation of a 
European Nuclear reference material for a 
600 ppm uranium ore, to be issued by the CEC, a 
procedure using a combination of neutron acti
vation analysis and mass spectrometric isotopic 
dilution has been applied to twelve ore 
samples. From activity measurements an homoge
neity of better than 0.6 1 was observed in the 
samples for 2 2 6Ra and this was assumed to apply 
as well for the uranium content of the ore. The 
present •esults obtained show a reproducible 
leaching of the ore and the quantities of 
uranium remaining in the undissolved residue 
amount to 4.7 ± 0.8 %. The mass spectrometric 
isotopic dilution analyses of the uranium 
concentrations in the leaching solutions 
however yield results within a larger range 
than expected. The mean value can at present be 
certified within a range of t 3 % and careful 
investigation of the procedure is needed to 
reach the intended 0.5 i. 

4.2.3.2 Burnup determination in experimental 
fuels 

Burnup analyses have been carried out on fuel 
samples irradiated in the BR3 reactor. From the 
assembly B310 RR five samples have been ana
lysed, two of them consisting out of a series 
of five concentric radial drillings. In the 
framework of a contract BN-SCK/CEN-PNC (pro
gramme GAIN) two burnup determinations have 
been carried out on gadolinium doped fuel, 
irradiated ir BR3. Under* contract with EXXON a 
large number of post irradiation examinations 
of gadolinium poisoned fuel, irradiated in 
Tihange I, has been started. Three burnup 
determinations have been completed and radial 
distribution of gadolinium isotopic composition 
has been measured in ten samples obtained by 
concentric drilling. The neodymium isolated 
from gadolinium doped fuels shows systemati
cally the presence of natural neodymium which 
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can be ascribed to contamination of the gadoli
nium used for fuel fabr icat ion. This interferes 
with the burnup analysis part icular ly at low 
exposure where quantities of f ission neodymiuin 
are small. 

4.2.3.3 Calibration of non-destructive actinide 
measurements in FLK-granulates 

Conditioned low-level alpha-wastes, result ing 
from high temperature incineration are extreme
ly resistant to chemical attack or leaching 
processes (FLK granulates). Nevertheless, for 
the characterisation of the waste and for the 
material balance in the incinerator, the pluto
nium content has to be determined. This was 
formerly done by non-destructive gamma-spectro-
metric measurements but there was a need for 
accurate cal ibrat ion of th is technique. A pro
cedure has bei?n developed to dissolve the 
granulates ent irely with successive treatment 
of molten Na2C03 and hydrofluoric acid leach
ing. 
The measurements indicated that the granulate 
is not homogeneous at the level of a few grams 
but samples of 30 to 10U grams used for the 
non-destructive assay y ie ld representative 
resul ts. Duplicate analyses carried out on gram 
samples after mi l l ing and homogenising y ie ld 
very reproducible results and have been applied 
to cal ibrate the nondestructive measurements. 

4.2.3.4 Tritium analyses 

The most important forms of tritium in gaseous 
samples are tritiated hydrogen and tritiated 
water. Determination of both forms is possible 
by selective sampling. First HTO (T20) is 
collected by bubbling the gas through water or 
by freeze-out. Afterwards HT is normally 
oxidized by passing the gas over heated CuO and 
by collecting the oxide formed. The latter step 
however requires high temperatures, up to 
600 "C, and addition of H . A new method is 
therefore proposed. It uses the hydrophobic 
catalyst developed at SCK/CEN for the exchange 
of tritium between hydrogen and liquid water. 
In this method, that has not yet been fully 
tested, HT is sampled by bubbling the gas 
through a batch of catalyst immersed in water. 

4.2.4 Supporting Services for Instrumentation 

F. Ven 

Construction of the robotized sample changer 
for gammaspectrometric measurements has pro
ceeded. Tie instrument is now in the final 
testing stage. A picture is shown in Fig. 
4.2.4.1. Gammaray detection equipment has been 
constructed for the continuous survey of the 
radioisotope migration experiments installed in 
the underground laboratory (see section 

4.4.4) 

The acoustic level measuring equipment has been 
presented and promoted at the industrial trade 
fair Novotech but. commercialisation is still 
pacing behind expectations (Fig. 4.2.4.2). 

In the field of reprocessing an optical trans
mission system has been used up to now in order 
to measure the rotational speed of the ultra-
centrifuge for feed clarification. Radiation 
damage to the optical fiber interfered with the 
reliability of this technique. Therefore a 
magnetic sensor was developed and tested. Aux-
iliairy electronics for the display of the rpm 
data have been constructed. 

Fig. 4.2.4.1 : Kobotised sample changer for 
high-resolution gamma ray spec
trometry 

4.3 NUCLEAR CHEMICAL TECHNOLOGY STUDIES 
M. Klein 

4.3.1 Separation of Tritium from Aqueous 
Effluents 

L. Boumahraz, A. Bruggeman, L. Geens, 
L. Meyendonckx, C. Parmentier 

The efforts were focussed on the testing of the 
two separate subunits of the ELEX pilot instal
lation : the water electrolyser and the cata-
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Fig. 4.2.4.2 : Acoustic liquid level measure
ment 

lytic exchange column (1). The Teledyne elec-
trolyser was made operational and a first 
series of preliminary tests was carried out. 

In the catalytic exchange column tritium 
exchange experiments were carried out with a 
trltlated hydrogen feed stream, in a completely 
filled column. The 10 cm diameter column was 
packed with a 1:3 mixture of catalyst pellets 
and inert material. The packing heights amount
ed to 3.3 m for the enrichment ssction and 
3.5 m for the stripping section. During the 
experiments, the column temperature was kept 
constant at 40 "C and the pressure was slightly 
above atmospheric pressure to compensate for 
the losses over the packing. Tritlated hydrogen 
gas was fed at the bottom, demineralized water 

at the top of the column. Separate tests were 
carried out respectively on the enrichment and 

(1) Separation of Tritium from Aqueous 
Effluents, BLG 584, 72-73, April 1986. 

on the stripping part. The results are summar
ized in Table 4.3.1. From this table it can be 
concluded that both sections are functioning 
properly, showing a satisfactory decontamina
tion behaviour. However, it has to be mentioned 
that these tests only lasted for 6-8 hours, and 
that no equilibrium conditions were yet reached 
for the tritium outlet concentrations. 

Consequently, a long duration run was performed 
to measure the time interval needed to reach 
the equilibrium conditions in the exchange 
column. Therefore, the tritium inlet concentra
tion was considerably increased as can be seen 
in Table 4.3.1, showing the results of this 
experiment. After 12 hours equilibrium condi
tions were observed for the enrichment section. 
The tritium exchange rate is of the same order 
as it was for the previous experiments : 66 vs 
69 kmoles- S-'MIT 3 . The poor results of the 
stripping section, however, can be explained by 
the mere fact that the tritium concentration in 
the hydrogen outlet stream never exceeded the 
back-ground level. As a consequence the DF 
determined corresponds to a lower limit and the 
real value could not be measured. 

The apparatus was fed with tap water, previous
ly demineralized over a commercial ion exchange 
unit. The longest individual run took 1 hour of 
continuous operation. Hydrogen generation ca
pacities between 6 and 8 Nm^h"1 were reached. 

In the course of the hydrogen production tests, 
damage occurred to part of the peripheric 
equipment of the pilot installation. In view of 
the budgetary and personnel restrictions, 
continuation of this research programme has 
been suspended until commercial interests and 
further financing are clearly identified. 

4.3.2 Conditioning of Cladding Waste 

J. Coursier, A. Daniels*, P. De Meyer**, 
L. Geens, R. Harnie, M. Klein, J. Marien, 
J. Vaesen, F. Ven 

A new contract was concluded with the C.E.C. 
(N* FI1W-0019-B), aiming at the demonstration 
of the conditioning technique with representa
tive radio-active hulls as developed at the 
SCK/CEN (2). The main points of the experimen
tal programme are : 

- further development of the press compaction 
technology, 

* Laboratories for High and Medium Radioacti
vities 

** Technical Services Division 

(2) Conditioning of Cladding Waste, BLG 584, 
73-75, April 1986. 
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Table 4.3.1 : Tritium exchange experiments in the ELEX column 

Parameters 

Section 
Water feed 
T inlet cone, in HjO 
T outlet cone, in HjO 
Hydrogen feed 
T inlet cone, in H, 
T outlet cone, in TL, 
Decontamination factor 

*"0G 
^OG 
T Exchange rate 

Units 

mol es* h"1 

MBq-mole-1 

MBqxwle'1 

mol es» h"1 

MBq-mole"1 

kBq-mole-1 

cm 
kmoles»s"1'm"3 

Short duration runs 
in the separate sections 

Enrichment 
92.2 
0 

38.3 
342 
10.8 
15.2 

664 
16.0 
21 
59 

Stripping 
92 2 
0 

24.7 
342 

6.82 
1.89 

3613 
20.3 
17 
71 

Long duration run 
over both • 

Enrichment 
92.2 

1.14 
349 
345 
92.5 

240 
392 
17.6 
18 
66 

lections 

Stripping 
92.2 
0 
1.14 

345 
0.24 
7.03 

34 
10.8 
32 
39 

*NQG = number of transfer unit ; HQG = height of transfer unit. 

- equipment of a hot cell (Hermes - CI) for the 
active demonstration, 

- demonstration of the press compaction with 
radio-active hulls, 

- demonstration in the hot cell of the condi
tioning in a corrosion resistant contain
ment, 

- leaching experiments on compacted discs. 

The radio-active hulls, which will be obtained 
of the WAK-Karlsruhe, have a length of 50 mm. 
Since no experience was available with chops of 
this length, a f i rs t series of compaction tests 
was carried out with 50 mm carbon steel chops. 
Obviously, the cladding material is stacked 
otherwise than with shorter chops. This results 
in lighter compacted discs. However, a similar 
volume reduction and density are obtained, 
and correspond with about 80 % of the theoreti
cal density. In this way the containers will 
contain the same amount (weight) of hulls, but 
distributed over more discs. No operational 
problems were encountered, neitht.- during the 
distribution of the chops in the 0.8 dm3 cases, 
nor during the compaction i tsel f . In the future 
similar compaction tests will be carried out 
with 50 ram zircaloy chops. 

A second series of compaction experiments was 
carried out to investigate the effect of the 
use of soft metal sheets on the bottom of the 
cases and on top of the chops. Lead and alumi
num sheets, 0.5, 1, 2 and 3 urn thick were used, 
with 25 mm carbon steel chops. The only posi
tive effects observed relate to smoother sur
faces of the compacted discs. On the other 
hand, both the weight and the dimensions of the 
compacted discs are increased. As a result, a 
full container will be heavier with the same 
amount of cladding waste, or will contain less 
cladding material with the same weight. There
fore, the use of these soft metal sheets is not 
advised for the active experiments. 

4.3.3 Recovery of Highly Enriched Uranium from 
Irradiated Targets 

A. Daniels4 

L. Sannen* 
D. Huys, N. Klein, 

Under contract with IRE, the recovery of highly 
enriched uranium targets (92-93 1 2 3 5U) has 
been further continued during the first half of 
1986. Oue to necessary maintenance work in the 
SPC cell only one campaign could be performed 
(UT6-556 g U). 

The process, described in the previous report, 
implies an extensive decontamination of the 
irradiated Uranium. The imposed specifications 
of the product are : 
- the plutonium concentration must be lower 
than 1 ppm, 

- the radiochemical impurities must be lower 
than 3000 Bq/g, 

- the chemical impurities must be lower than 
2.5 ppm Boron equivalent. 

The purified products of the first two cam
paigns, which the specifications were initially 
less stringent for, have been redissolved and 
purified by the improved TTA extraction method. 
They now match the required specifications. 
The results of the campaigns UT4 and UT5, 
performed in 1985, nave been analysed and show 
that the purity specifications are kept. 
Considering the last campaigns UT4 and UT5 the 
accounted values represent respectively 95.3 
and 94.1 % of the quoted values of IRE. The 
recovered uranium amounts to 97.3 and 97.1 % of 
the accounted values due to different losses in 
the process. The losses are distributed among 
the following sources : 

* Laboratories for High and Medium Radioactivi
ties 



Losses given In t of feed 

Samplirg losses 

Prepurification step 
HLU concentrate 
LLU dist i l late 
HCH organic waste 

Final purification step 
TTA-xylène 
precipitate 
f i l t ra te 

UT4 

1.1 

0.25 
0.034 
0.21 

0.4 
0.7 

< 0.04 

UT5 

1.3 

0.44 
0.050 
0.24 

0.1 
0.7 

< 0.04 

The prepurificatlon process leads to a very 
good decontarninatirn of the solution mainly as 
a result of the increase of the washing flow 
rate in the scrubbing section. As an example 
the results obtained for the campaign UT5 ère 
given in the table below. 

ï^Ce-i^Pr 
106 (Ju 
137 Cs 
95Z r .95N b 

plutonium 

DF 
> 3.E+9 

2.E+4 
2.E+6 

25 
2-4 

The TTA final purification step decreases the 
contamination level from 40 kBq/g to less than 
3 kBq/g and the plutonium level from typically 
60 ppm to less than 1 ppm. Chemical impurities 
such as Sn, Ni, Fe, Ca, P, Si, Al, Na, K, S, 
Th, which are present at levels comprised 
between 1 and 50 ppm, have small cross sections 
so that the required specification of 2.5 ppm 
Boron equivalent is respected. 

The UT6 run, for which all the analytical 
results are not yet available is an analytical 
campaign. Its aim Is to obtain better mass 
balance for uranium by performing sampling at 
intermediate stages of the process and by 
duplicate sampling. 

4.3.4 Purification and Recovery of Plutonium 
öüt of Aged Plutonium Oxide 

R. Harnle, D. Huys, M. Klein 

The PUROXAL process, developed at a laboratory 
scale for the purification of aged plutonium 
containing m A m f has further been evaluated 
ana has been compared with a direct precipita
tion process (Peroxide precipitation). An 
original precipitation model in plexiglas 
designed for pllotscale testing was Installed 
but no experimental tests could be performed 
due to leakage problems and to mechanical 
defects. 

Two batches of Pu (3.8 - 3.3 g) containing 
4.1 t 2'»1 Am dissolved 1n a mixture of nitric 

acid and hydrofluoric acid were purified by the 
PUROXAL process and by the peroxide precipita
tion process. The Pu valency in the starting 
solutions was adjusted at 4. After precipita
tion, the precipitates were calcined to obtain 
PuOj and the radiochemical .~d chemical purity 
was determined. 

For the PUROXAL, the TBP extraction step led to 
the recovery of 2 H 1Am in the aqueous phase, 
also containing about 6.6 * of the Pu. The Pu 
present in the organic phase was recovered at 
about 99.5 1 by oxalate precipitation. A DF of 
100 for Am was obtained. 

For the peroxide process, the precipitate was 
colloidal and could only be separated by 
centrifugation. The Am was quantitatively 
recovered whereas only 93 1 of the Pu could be 
recovered due to the difficulties in obtaining 
a good separation of the precipitate. Research 
work has to be done to improve the mass 
balance. 
The decontamination of the product for 2**Am 
was satisfactory (DF ~ 25) but the chem-'cal 
impurity level was higher than for the oxalate 
process. 

4.3.5 Homogenisation of Plutonium Oxide Lots 

0. Huys 

On request of BelgoNucléaire, four lots of 
plutonium oxide, amounting to about 125 g in 
total , have been treated in order to homogenise 
the isotop1c composition of the final products. 
This product forms the base material for the 
manufacturing of reference materials. The 
procedure involves the dissolution in HNOj-HF, 
the adjustment of the Pu valency to +4, the 
precipitation of the oxalate and the calcina
tion of the precipitate. 

4.3.6 Head End Reprocessing Mock-Up on 
EngJneerWscale (HCMCS) — 

G. Collard, E. Collignon*. J . Coursier, 
A. Daniels**, P. De Meyer*, L. Geens, 
R. Harnle, ». Klein, J . Marien, 
J . Vaesen, F. Ven 

Most of the work performed for the Hermes 
project has been concentrated on the infra
structure and on the construction of the 
mechanical cell CI and of the dissolver cell 
C2. 
The pipework and connections along the inner 
walls of the shielding and through the blologl-

* Technical Service Division 
** Laboratories for High and Medium Radioacti

vities 
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cal passages have been installed and leak-test
ed. 
Development of the equipment has been continu
ed. Mechanical problems have been encountered 
with the pin chopper during the first tests 
using the repaired head. The second half of the 
dissolver fabricated at the WTCM (Wetenschappe
lijk en Technisch Centrum van de Metaalverwer
kende nijverheid, RUG) has to be re-casted due 
to important defects. The nature of these 
defects (Cr and Si oxide inclusions) has been 
determined and adaptations to the casting 
technique are now investigated at WTCM. The 
jib-arm for cell CI is being constructed. 

4.4 GE0TECHN0L0GY INVESTIGATIONS 
A. Bonne 

The research and development issues in the 
field of nuclear waste disposal form the core 
of the efforts dealt with in this section. This 
research is supported by contracts granted by 
NIRAS/ONDRAF (contract; CCHO-84-14/6 and /4) 
t'nd by the Commission of the Eurc^ean Communi
ties (CCE-FI-n-004-B(B) and WAS 428-84-9-8-
(RS)). 

4.4.1 Operation and Exploitation of th° Under
ground Facilities 

M. Buyens, B. Neerdael 

Along with maintenance works and regular 
Inspections, many activities have been carried 
out on request of the Metallurgy Department 
i.e. the emplacement of corrosion tubes In 
direct contact with clay or the use of filters 
to obtain a clay atmosphere. Also a number of 
pressure cells and electrical probes to measure 
instantaneous corrosion rates in boreholes have 
been installed. The optical fiber communication 
network has been extended through the access 
shaft. Now it links the central data 
acquisition system to the surface with the 
underground local network. 

Special attention has been paid to the develop
ment of pore water pressure measurements in 
clay ail around the gallery and to exploratory 
tests for the in situ migration experiments. 
Also to be mentionned is the completion of a 
series of pore water sampling screens embracing 
most of the clay layer. It 1s expected that a 
uC-act1v1ty profile will allow the determina
tion of the cinematic porosity to be used 1n 
hydrogeologlcal modelling. 

Other experiments at present running concern 
mainly migration, corrosion and geomechanlcal 
studies : their results are reported in the 
appropriate sections. 

Preliminary to a large scale heat transfer 

experiment, temperature probes were emplaced 
around the corrosion tubes in direct contact 
with clay. The purpose is to verify the values 
of the thermal conductivity and dlffusivity 
obtained in previous tests in the open clay pit 
at Terhagen near Antwerp. 

4.4.2 Geomechanical Behaviour of the Boom Clay 

D. De Bruyn, B. Neerdael 

4.4.2.1 Laboratory experiments 

Â new test campaign on undisturbed clay speci
mens sampled in the small exploratory shaft has 
been ordered at the laboratory of civil engin
eering of the State University at Liège (ULg). 
These ire submitted to triaxlal compression CU 
and creep tests under a confining pressure 
corresponding to the stress field at the depth 
of the exploratory shaft. 

The creep tests are performed in a relatively 
short term as the deviator 1c stress is selected 
in order to reach failure within a few days ; 
these tests increase the number of stress 
levels available for further Interpretation and 
extend the knowledge gained from previous long 
term experiments. 

A synthesis of the various geomechanlcal tests 
ran In the laboratory has been started. Tri
axlal CU-tests performed in different laborato
ries give similar results ; small differences 
may be explained to some extent by sampling 
methods but generally correspond to normal 
variances 1n the sample characteristics. 

The following values may be then deduced for 
the cohesion (c) and the angl* of shearing 
strength (phi) : 

clay from the geotechnical boring 
c - 1.2 bar, phi » 18' 

clay Terhagen 
c * 0.34 bar, phi » 13.5' 

clay taken at Mol (unfrozen and/or undisturbed) 
c - 9.8 bar, phi » 4.6*. 

The surface samples taken at Terhagen and the 
perturbed samples from the geotechnical boring 
are . i t representative for the clay layer In 
situ. The cohesion value observed 1n situ 1s 
much more favourable to the design of under
ground faci l i t ies . 

4.4.2.2 Mathematical modelling of clay rheology 
at ambient temperature 

The numerical modelling with the CREEP-code 
started at the end of 1984 1n cooperation witn 
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FüRAKY had to be suspended because of numerical 
unce r ta in t i es which have s t i l l t o be resolved 
by the authors of the ca l cu l a t i on programme. 

The parameters requi red fo r the mathematical 
model l ing of the convergence of the clay wal ls 
of a borehole l e f t w i thout inner pressure have 
a lso been in jec ted in the GDLIA-progranmie i n 
use at ECN i n Pet ten . The numerical resu l t s 
are very s im i l a r to the ones prev ious ly ob ta in 
ed w i th the CREEP-code. This means that the 
performance of the models is very s i m i l a r but 
i t a lso means tha t the app l i ca t i on of par
ameters, deduced from laboratory t e s t s , can be 
questionned regarding the s imula t ion of the 
convergence of unl ined openings i n c lay by t h i s 
k ind of models. 

4 .4 .2 .3 F ie ld measurements 

In order to get in format ion on the stress f i e l d 
i n a r e l a t i v e l y undisturbed zone two Gloetz l 
borehole c y l i n d r i c a l gauges hjve been placed at 
a distance of 15 m from the ga l l e ry in p a r a l l e l 
ho r i zon ta l boreholes ; each of these consis ts 
out of several o i l - f i l l e d f l a t c e l l s assembled 
i n d i f f e r e n t o r i e r t a t i o n s , the whole enclosed 
i n a grout character ized by a deformation 

F i g . 4.4.2 : Glötz l bore hole c e l l 

modulus s l i g h t l y higher than tha t of the 
surrounding clay (see F i g . 4 . 4 . 2 ) . I n i t i a l 
measurements ind ica te a slow pressure bu i ld -up 
and a good c o r r e l a t i o n in value and d i r e c t i o n 
of the main stress between the two borehole 
gauges. 

The deformation of the instrumented steel tubes 
in the convergence confinement experiment, 
s imulat ing the l i n i n g behaviour in c lay a t a 
small scale has s t a b i l i z e d i i nce a few months. 

4.4.3 Hydrogeological research 

M. Monsecour, J . Patyn 

For the time being two items are considered in 
the hydroyeological research : 

- ana lys is and geochemistry of the groundwater 
system ; 

- study of the hydraul ic p roper t ies of '.he Boom 
c l a y . 

Concerning the geochemistry of the groundwater 
system, d i f f e r e n t types of groundwaters have 
been d i f f e r e n t i a t e d according to t h e i r chemis
t r y , but regional pat terns which could be l i n k 
ed w i th hydrodynamical phenomena, have not ye t 
been deduced, borne major trends however, about 
the physico-chemical cond i t ions in the aqu i fe rs 
( e . g . pH, eh, S i , . . . ) can be i d e n t i f i e d focus
s ing the research on p a r t i c u l a r w e l l s . 

Carbon-14 measurements for the rupe l ian aqu i fe r 
have also been completed. The measured a c t i v 
i t i e s cannot be explained by a simple hor izon
t a l f low o r i g i n a t i n g a t the outcropping area, 
but require a c o n t r i b u t i o n of the anversian 

j i f e r above the c lay layer ; t h i s would 
en . f i rm the former ly developped hydrogeological 
i i 'üdel, but f o r f u r t h e r v a l i d a t i o n of the model 
a< ' : : t i ona l measurements are necessary, p a r t i c u -
1 a> ;.v the ana lys is o f the i n t e r s t i t i a l c lay 
wate1" 

To 1i .e«,*.1gate the hydrau l ic behaviour of the 
Boom c:-« l aye r , a number of spec ia l l y designed 
p iezo i i ; - rs have been i n s t a l l e d at d i f f e r e n t 
depths and wi th varying o r i e n t a t i o n in the 
underground f a c i l i t y , mainly to c o l l e c t i n t e r 
s t i t i a l .'.ay water f o r l i ( C-analyses, but a lso 
to determ; • uccurately the pore water ,press
ures arouru . o underground f a c i l i t y . This w i l l 
provide su i c l e n t data to c a l i b r a t e a hydrody-
namic model, AS an example, the pressure b u i l d 
up in a p i e - "ieter nest conta in ing 9 f i l t e r 
elements asst--!*;M along a 10 m deep borehole 
i s represented 1n F i g . 4 . 4 . 3 . 1 . The gradient 
measured c l ea r l y ind ica tes the drainage of the 
d a y by the experimental l abora to ry , whi le the 
t o t a l pressure recordings reveal a much la rger 
disturbance of the hydraul ic pat tern due to the 
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Fig. 4.4.3.1 : Pressure build-up in piezometernest 

presence of the underground facility than 
initially assumed. A further aim of those 
experiments is to obtain data on the clay 
permeability by monitoring the flow rates and 
pressure build up in the installed piezo
meters. 

As already announced in the previous report 
(BLG-584) the hydraulic conditions around the 
underground laboratory are being simulated with 
the NEWSAM-model. In the simulation, a two 
dimensional vertical section is considered, and 
the hydrostatic potentials ire referred to the 
bottom of the clay formation. The top and the 
bottom of the àoom clay are assumed to be fixed 
head potentials, at respectively 286 and 284 m, 
referred to the bottom of the clay formation 
and define the natural undisturbed situation. 

Simulations in which the permeability charac
teristics (Fig. 4.4.3.2) of the laboratory 
lining is differentiated according to the 
properties of the materials used :.eem to yield 
the most realistic data. The resulting calcu
lated potentiometric heads are fairly close to 
the measured ones. Nevertheless, the available 
data are still too scarce to draw a final 
conclusion. 

4.4.4 Migration of Radionuclides in Boom Clay 

P. Henrion, M. Monsecour, M. Put 

4.4.4.1 Investigations on migration under in-
situ conditions 

The first data of the underground migration 
experiment with a 152Eu-labelled clay plug in 
direct contact with the clay in the formation 
are now available. They indicate that, after an 
initial period needed to allow the clay tu 
creep and seal the borehole, a reasonably 
constant flow rate of 88 ̂ J/day is obtained. 

The Eu eluted from the clay plug is measured by 
integral gamma counting with a Nal detector ; 
spectra recorded with a Ge(Li) detector showed 
no sign of radiochemical impurities. The inter
pretation of the actual elution profile is 
premature ; additional samples have to be 
collected and the distribution (radial and 
axial) of the Eu in the plug has to be checked 
to exclude possible artifacts like channeling 
between the clay and the sample holder. How
ever, tentative cal ulatlons were performed by 
means of the MICOF odel. Agreement between the 
calculated and experimental Eu concentrations 
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Fig. 4.4.3.2 : Hydraulic pattern arount experimental laboratory (Simulation NEWSAM) 

in the eluate can be obtained for a concentra
tion source using a porosity coefficient ri -
0.02, a dispersivity factor a = 20 m and a 
retardation factor R • 103 . However the correct 
a lues of these parameters, in particular "a" 
and Ti, are not known : values between 30 and 
l'--1 m for "a" and between 0.01 and 0.3 for TI 
have been quoted in the littérature for clay 
formations. This demonstrates the need to 
determine these parameters by more and special
ly designed underground and surface laboratory 
experiments. 

The installation of the diffusion laboratory 
has been resumed. Six clay plugs are presently 
in the process of reconsolidation to determine 
the effective porosity of the Boom clay and Its 
dependence on the consolidation pressure. 

4.4.4.2 Radlolysis of Boom Clay 

Gamma-irradiation has been used to assess the 
influence of radiolytlc species on the distri
bution of radionuclides. 
Pu, Eu or Tc-1abel led Boom clay gels (1 clay/1 
solution), prepared under strict anaerobic 
conditions, have been Irradiated to about 10s 

Gy either by 6 0Co (103 Gy/hour) or by spent 
fuel (± 105 Gy/hour). 

High Kd-values have been found for Eu and Pu, 
as expected, but also for Tc. The latter result 
1: rather surprising because oxidizing condi
tions resulting out of irradiation effects are 
believed to affect adversely the retention 
of this element. This should be comf1rmed by a 
new series of tests. 

4.4.5 Performance and Safety Assessment of 
Geological Disposal 

A. Bonne, J. Marl voet, G. Volckaert 

In addition to the determinist "best estimate" 
calculations for the normal evolution scenario 
of the concept of a High Level Waste (HLW) 
repository in the Boom clay at Nol, probabilis
tic performance assessment calculations have 
been performed by applying the LISASCK-code. 
Two simulations of 500 runs, sampled by the 
Latin Hypercube sampling technique, are used to 
test the reproducibility and the stability of 
the results obtained ; a third simulation of 
500 runs, sampled by Random Sampling, allows to 
test the effects of the applied sampling tech
nique. The results of these simulations are 
used to perform uncertainty and sensitivity 
analyses. 

The risk, being defined as the integral of the 
product of the conséquences with their prob
ability of occurence, Is equal to the expecta
tion value or the arithmetic mean of the calcu
lated annual doses multiplied with a dose 
conversion factor. A problem which arises here 
is the difficulty to estimate a stable value 
for the expectation value of a variable which 
Is distributed over several orders of magni
tude ; the expectation value 1s completely 
dominated by a few cases 1n the high dose tail 
of the calculated distribution. The stability 
of the estimated expectation values is illus
trated in Fig. 4.4.5.1 where the expectation 
values calculated for the three simulations are 
shown as functions of time. 
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In the sensitivity analysis the relative impor
tance of the input parameters is quantified. 
The performance of several sensitivity estima
tors has be«n evaluated : 
- linear correlation, partial correlation and 

regression coefficients ; 
- rank correlation, partial correlation and 

regression coefficients ; 
- non parametric tests : Smirnov, Mann-Whitney 

and Cramer-von Mises tests. 

clay layer. 

4.4.6 Demonstration and Pilot Facility 

A. Bonne, D. De Bruyn, B. Neerdael 

At present this project is out of the scope of 
the contract with NIRAS/ONDRAF and only sup
ported by the Commission of the European Commu
nities. 

The partial rank correlation coefficient and 
the Smirnov tests are yielding the most stable 
results for the three simulations. The evolu
tion of the partial rank correlation coeffi
cients for some important input parameters is 
shown in Fig. 4.4.5.2. This figure indicates 
the importance of three input parameters over 
the whole considered time range : the effective 
thickness of the clay layer, the Darcy velocity 
in the aquifer and the hydraulic gradient over 
the clay layer ; the retardation factors of Tc, 
Cs and Np are important in the time interval 
when their radionuclides contribute signifi
cantly to the total dose. At that time when the 
maximum expectation value of the annual doses 
occurs, the most influential parameters are, in 
a decreasing order of importance, the retarda
tion factor of Np in clay, the effective thick
ness of the clay layer, the Darcy velocity In 
the aquifer and the hydraulic gradient over the 

The design of the test dr i f t (Phase 1 of the 
demonstration-pilot project) was completed in a 
joint effort with the consulting engineer Trac-
tebel. With regard to the previous version of 
the design there was an entire agreement as to 
the following changes : 

- the dimensions of the concrete blocks to be 
used for the gallery lining were reduced to a 
thickness of 60 cm, a length of 33 cm and a 
width of 17 cm at the inner radius. This 
corresponds with a slightly higher value for 
the coefficient of earth pressure at rest 
(Kg) and allows at the same time an easier 
handling and placing of the liners. The 
selected K.-value is 0.7. The true value of 
this coefficient Is s t i l l to be determined by 
an in situ experiment, which 1s part of the 
geotechnical test programme around the test 
drift ; 
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Fig. 4.4.5.1 : Evolution of the expectation vilues of the annual doses to an Individual for three 
Monte Carlo simulations (RS : random samplng ; LHS : latin hypercube sampling) 
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Fig. 4.4.5.2 : Evolution of the absolute value of the partial rank correlation coefficient amorg 
the calculated annual doses and some influential input paramaters 

- the number of access ports to the clay to be 
foreseen in the lining and to be placed 
during the construction of the test drift was 
reduced. Most of these can be made after the 
construction of the drift ; 

- a circular intermediate gallery was also 
considered as a possible option ; 

- the construction of a connecting chamber, 
foreseen at the junction of the test drift 
and the main pilot gallery of phase 2 of the 
demonstration pilot facility was definitively 
deferred to the second construction phase of 
the project. 

An extension of the test drift is at present 
negociated with ANDRA. It 1s the purpose to 
test the possibility to U n e a gallery In a 
deep clay with sliding liners (viz. steel 
ribs). This galery lining is based upon the 
covergence-conflnement principle. A section of 
about 12 meters length of a drift lined with 
sliding liners could be dug 1mmed1at1y in the 
prolongation of the concrete test drift. 

instrumentation foresees the including of : 

- a defleetometer test in the roof of the test 
drift, 

- total pressure and interstitial pressure 
surveys, 

- a self-boring pressure meter test, 
- convergence measurements of the lining and 

the clay front, 
- 'loading parameters of the lining. 

4.4.7 Disposal of Low Level Waste on Land 

L. Noynaert, G. Volckaert, Th. Zeevaert* 

In the framework of a contract with NIRAS/-
0NDRAF a concept of a shallow land burial 
facility has been designed for Implantation In 
a site, which 1s representative for the average 
land conditions in the geographical ar°as of 
low and middle Belgium (Fig. 4.4.7.1). It 
consists of a modular concept, each module 
having Internal dimensions of 58 x 16 x 6 
meters and being able to accomodate 2.5 years 
of actual low level waste production. 

The terms of a geotechnlcal auscultation of the 
behaviour of the drift lining and the surround
ing clay mass during and after the construction 
of the gallery have been established. The 

As an exercise the methodology for the perform
ance and safety analysis of a shallow land 

Health Physics department 
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Fig. 4.4.7.1 : "Shallow land burial disposal" concept 

burial f a c i l i t y , which was elaborated last 
year, i s now being applied to a national s i te . 
In th is exercise data of the Mol-Oessel si te 
such as properties of the aquifers, of the 
biosphere and anthropologic habits have been 
used in combination with generic concept data 
and waste related characteristics such as 
radionuclide inventory, désintégration data of 
the waste packages and deterioration of the 
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disposal f a c i l i t y . The performance analysis 
exercise considers the scenario of a contami
nated well at a distance of 1200 meters from 
the shallow land burial f a c i l i t y . A preliminary 
resul t , expressed In terms of the total dose 
rate to a c r i t i c a l individual and showing the 
contributions from the most important radio
nuclides is given in Fig. 4.4.7.2. 
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5.2 APPLIED PHYSICO-CHEMISTRY 

5.2.1 Transport phenomena in porous structures 

W. Doyen, R. Proost, L. Schoovaerts, R. Leysen 

As reported earlier (see 6i.G 584), the rejec
tion of solute molecules by a membrane depends 
not only on the dimensions of the molecules 
but also on their shape, rigidity and inter
action with the pore structure of the membrane 
(specific absorption), especially at the 
membrane skin surface. Membrane characteriz
ation thus implies the application of well 
defined testmolecules, which have a narrow 
molecular weight distribution and are stable 
in solution. The solute characteristics of 
dextran molecules in water being well des
cribed in literature, we therefore chose these 
compounds to qualify experimentally the 
performance of different SCK/CEN membranes 
fabrication. 

For the characterization of pore structure in 
the membrane skin, measurement techniques are 
rather scarce. Scanning Electron Microscopy, 
Bubble Point permeability, and Mercury Porosi-
metry measurements can give an idea about the 
mean pore radius of the membrane, but es
pecially in the case of asymmetric membranes, 
this property by no means appears to be 
indicative of the membrane rejection proper
ties. The liquid permeation method shows 
better prospects which are discussed here. 

In the liquid permeation method, the charac
teristics of the flow through a membrane are 
combined with assumptions about the pore 
structure in the top surface of the membrane 
to calculate the pore radius in this outer 
layer. Where there is no discussion on the 
laminar character of the flow, various hypo
theses are however possible as to the pore 
structure. In a first hypothesis, the pores 
are considered to be cylindrical1y shaped and 
the Total hydrodynamlc resistance to be 
concentrated in the "skin" (or top layer) of 
the membrane. An idea of the thickness of the 
skin can be obtained from the SEM picture of 
the cross-section of a membrane (fig. 
5.2.1.a). The thickness of this top layer is 
in most cases 0.2 micron 1). This top layer 
can be considered as consisting of cylindrical 
capillaries assembled in parallel. 

The laminar flow in such capillaries Is 
described by Darcy's Law and the radius of the 
capillary or pore can be calculated from the 
measured pressure drop over the membrane or 
capillaries. 

In a second hypothesis the pores are assumed 
to be conical1y shaped while the total hydro-

Fig. 5.2.1.a SEM picture of the crosssection, 
taken near the skin, of an inorganic loaded 
polysulfone membrane 

dynamic resistance is again considered to be 
concentrated in the "skin* of the membrane. 
In this case, a complex polynôme is obtained 
to express the pore radius at the skin as a 
function of over-all surface porosity, press
ure drop and flux. 

Both calculation procedures were checked as to 
their validity for two different membranes, 
Z3601 and YC05. The experimentally determined 
waterfluxes for these membranes are shown in 
Fig. 5.2.l.b. Assuming a skin thickness of 
0.2 urn and a surface porosity of 0.005, the 
pore size in their skin could be calculated. 
The resulting values are mentioned in Table 
5.2.1.a. 

These calculated results are yet to be 
compared with the size of the dextran mol
ecules in solution that are retained by these 
membranes. Cut-off values were experimentally 
determined at the point where 90 X of the 
solute molecule is retained. As the molecular 
weight expressed In dalton of dextran mol
ecules in solution has been experimentally 
related to their Stokes radius (expressed in 
A ) , the corresponding Stokes radius can be 
derived. The result is indicated in the last 
column of Table 5.2.l.b. 

This Stokes radius can be interpreted as a 
measure of the characteristic pore size in the 
skin layer, on the basis of the cut-off 
definition. 

The values obtained for the Stokes radius of 
Table 5.2.l.b can thus be compared with the 
experimental results of the calculated pore 
radius in Table 5.2.1.a. This comparison 
indicates a slight preference in favour of the 
first hypothesis concerning the pore struc-
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Fig. 5.2.1.b : Waterfiux as a function of transmembrane pressure 

Table 5.2.1.a : Calculations of the pore radius for the top surfaces of two different membranes 

Membrane 
Type 

YC05 
Z3601 

Normalised 
waterfiux 

at AP*0,1 MPa 

(m3/m2.s)xl04 

0.0095 
0.0304 

Calculated Pore radius (A) 

CASE 1 CASE 2* 
at the top surface at 0.2 urn depth 

17 2 62 
33 6 66 

(*) assuming a cone radial of 0.03 

ture. Consequently, a majority of the pores 
in the skin of the two types of membranes 
tested can be considered to be of cylindrical 
structure and the corresponding simple calcu
lation procedure is preferrable. 

Table 5.2.l.b : Characteristics of the solutes 

1 Membrane 
Code 

YC05 
Z3601 

Reference 

Cut-off 
value 
(Dal ton\ 

400 
10,000 

Stokes radius 

(A) 

6 
27 

1) C.A. Smolders "Ultrafiltration membranes 
and applications", A.R.Cooper, editor, 
Plenum Press, New York (1980). 

5.2.2 Ultrafiltration experiments and membrane 
devel opment 

R. Leysen, W. Doyen and R. Proost 

Until now, all ultrafiltration experiments 
were carried out in an Amicon stirred batch 
cell, type 401S. In such a cell, steady state 
conditions are never attained. Indeed, the 
continuous removal of permeate causes a 
corresponding increase In concentration or the 
retentate, which has cisturbing effects on the 
retention and permeability values observed. 

To overcome this problem a DOS M1ni-1ab 
cross-flow -;11 was purchased. With this 
equipment 1t 1s possible to refeed and mix the 
permeate with the retentate, so at flow 
equilibrium conditions, constant retentate and 
permeate concentrations can be obtained. 
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Under these test conditions two SCK/CEN 
inorganic loaded polysulfone UF membranes were 
examined in order to find a correlation 
between the amount of inorganic compound and 
the rejection properties of the membranes. 
Two membranes with different contents of 
inorganic compound were prepared containing 40 
and 20 wt t polysulfone respectively. They 
were tested at different transmembrane press
ures (0.14, 0.24, 0.35, 0.41 and 0.47 MPa) 
usfng various solutes. The retention curves 
obtained are illustrated in Fig. 5.2.2.a and 
5.2.2.b. 

Considering the results obtained with the same 
solute, for example 1000 ppm dextran with a 
molecular weight of 40,000 Dalton, the reten
tion clearly depends on the transmembrane 
pressure used. This effect is more pronounced 
for the 60/40 membrane than for the 80/20 one. 
The hypothesis may be put forward that this 
phenomenon is related to the difference in 
compressibility and/or sorption of both types 
of membranes. 

— •«•Umi I M M wt* 80% 'ntrftmc coaptind 
— 100% poiyMrk MMÉTM* 

*p • «HP» 

U»0JSttH 

Time 

Fig. 5.2.2.C : Schematic view of a depressur-
izatlon test 

The improved resistance to compression of our 
polysulfone UF-membrane loaded with 80 wt % 
inorganic oxide, as compared to a 100 % 
polymeric membrane is also shown in Fig. 
5.2.2.C It is obvious from this figure that 
the retention of the SCK/CEN-membrane loaded 
with 80 wt% inoroanic compound is less sensi
tive to .udden pressure changes than the pure 
polymeri. membrane. 

Another most interesting observation derived 
from figure 5.2.2.a, is that the amount of 
inorganic compound in the membranes influences 
the slope of the retention curves. 

It 1s generally accepted that the steeper the 
slope, the narrower the pore size distri

bution. Hence, the presence of the inorganic 
material seems to influence the crystallis
ation process of the membranes during their 
manufacturing. Further examination of this 
phenomenon is planned. 

As reported earlier (BLG 584), dyes seem to 
have a special behaviour regarding the inor
ganic loaded polysulfone membranes. Similar 
observations were made when using 100 % 
polysulfone membranes (PM10 and PM30). 
Although the PMO and the PM30 show a cut-off 
value of 10,000 and 30,000 respectively with 
respect to molecules with globular structure, 
they retain 90 to 95 t of Acridine Orange 
which has a molecular weight of only 302. 
This leads to the conclusion that specific 
interaction between dyes and polysulfone 
governs these filtration processes. 

Further efforts were focussed on preparing a 
membrane for the separation of mono- and 
disaccharides. One of the known parameters 
which influences the pore diameter of the 
"phase inversion" membranes is the polymer 
concentration (here polysulfone) in solution 
("dope") before the solidification process. 
This is more clearly expressed by the prac
tical rule, the higher the polymer content in 
the "dope", the smaller the diameter of the 
pores in the "skin" of the membrane. However, 
experimental investigation indicated that the 
smallest obtainable "cut-off"-value of mem
branes based on polysulfone is in the region 
of 1,500 dalton when polyethylene-
glycol-solutions are used. As the Stokes pore 
radius of the "skin" pores can be calculated 
from the cut-off measurements, this obser
vation can be linked to a critical minimum 
value obtained for the sk'n pores. In Fig. 
5.2.2.d the experimentally determined Stokes 
pore radii are plotted against the polysulfone 
content of the dop;. As can be seen from this 
figure, the smallest pore radius that can be 
obtained with polysulfone membranes is about 
11 A, which corresponds to the critical 
cut-off value of 1,500 dalton at a polysulfone 
concentration of about 40 % in the casting 
solution. Further increase of the polymer 
content in the dope appears to result in 
membranes with greater pores. It is thought 
that for each polymer-solution a - typical 
corhi nation can be found. The smallest pore 
diameter, however, differs from polymer to 
polymer. 

In order to separate the mono- and disac-
charldes, it was necessary to look for a 
different polymeric material from the poly
sulfone used until now. The first attempts 
with another polymer gave the following 
encouraging results : a retention of 74 % for 
the disaccharide and 35 % for the monosac-
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charide. Further efforts will be focussed on 
nanufacturing inorganic loaded membranes with 
this substitution polymer in order to improve 
the separation efficiency for saccharides. 
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Fig. 5.2.2.d : Pore radius as a function of 
dope concentration 

5.2.3 Immooilisatlon techniques of bio-active 
species 

C. De Brandt, H. Hoeyberghs, M. Leynen, M. 
Mergeay (Dept. Biology), S. Taghavi 

In the last six months, most of the work has 
been focussed on the manufacturing of mem
branes by the cold-rolling technique, for 
which a patent has been applied. 

In the framework of a collaboration agreement 
with the Dr. L. Will ems Instituut (DWI) and 
the Limburgs Universitair C ntrum (LUC), 
memls.-anes have first been prepared for use in 
the medical field e.g., Immunological analy
sis. For this purpose, the SCK/CEN 1s devel
oping the manufacturing techniques to produce 
the basic materials necessary for Immuno
logical determinations, whereas DWI and LUC 
Incorporate the bio-active species and are 
responsible for sample characterization and 
testing. 

Several types of Teflon and porous filler 
materials were tested in which parameters such 
as pore structure and the hydrophobic-
hydrophylic properties of the membranes for 
use in the Elisa- and pregnancy tests, were 
studied in detail. 

Although satisfactory results have already 
been obtained, further work is needed in order 
to increase the specific sensitivity and 
reproducibility. 

In collaboration with the Biology Department 
(SCK/CEN) and with C0OVI-CERIA, preliminary 
work was carried out for the immobilisation of 
bio-active species in porous structures for 
application in fermentation processes. 

In the area of "Liquid membranes", a number of 
"dual" membranes have been prepared and given 
to Air Liquide, Fr; nee, for testing. It is, 
however, already obvious that for this kind of 
membrane with a thickness in the range of 10 
urn, the existirq apparatus is unsuitable. In 
collaboration with the General Workshops, the 
possibility of purchasing a high quality 
precision roller is being studied. 

5.2.4 Membranes for chlor-alkali electrolysis 

R. Leysen, Ph. Vermeiren, W. Adrlansens 

The overall performance of the zirconium 
oxide-PTFE diaphragm, as well as the mass flux 
characteristics obtained have been reported 
previously 1-3). These results have been 
evaluated by AKZO in the Netherlands, and a 3 
year research contract has been obtained. 
Target values for successful technical and 
economical application, such ai life time of 
the diaphragm, cell voltage, current ef
ficiency, quality of products and hydrodynamlc 
permeability have been set. 

During the last sixth month period, a lot of 
effort has been directed towards up-scaling 
the sheet area from 400 cm2 to 5,000 cm'. The 
target for Industrial application 1s about 
15,000 cm2, but In order to produce these 
dimensions some new and larger apparatus are 
needed 1n the preparation line. Figure 
5.2.4.a Illustrates the cold rolling of a 
diaphragm with a surface area of about 1000 
cm2. In figures 5.2.4.b and 5.2.4.C, a cross-
section and a pore-size distribution are shown 
respectively. 

The first results obtained with these large-
sized diaphragms Indicate that both the ionic 
conductivity and the hydrodynamlc permeability 
were lower compared with the values obtained 
with small-sized diaphragms, whereas the 
current efficiency was hardly Influenced by 
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charide. Further efforts will be focussed on 
manufacturing inorganic loaded membranes with 
this substitution polymer in order to improve 
the separation efficiency for saccharides. 
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Fig. 5.2.2.d : Pore radius as a function of 
dope concentration 

5.2.3 Immobilisation techniques of bio-active 
species 

C. Oe Brandt, H. Hoeyberghs, M. Leynen, M. 
Nergeay (Dept. Biology), S. Taghavi 

In the last six months, most of the work has 
been focussed on the manufacturing of mem
branes by the cold-rolling technique, for 
which a patent has been applied. 

In the framework of a collaboration agreement 
with the Dr. L. Willems Instituut (DWI) and 
the Limburgs Universitair Centrum (LUC), 
membranes have first been prepared for use in 
the medical field e.g., immunological analy
sis. For this purpose, the SCK/CEN is devel
oping the manufacturing techniques to produce 
the basic materials necessary for immuno
logical determinations, whereas DWI and LUC 
incorporate the bio-active species and are 
responsible for sample characterization ind 
testing. 

Several types of Teflon and porous filler 
materials were tested in which parameters such 
as pore structure and the hydrophobic-
hydrophylic properties of the membranes for 
use in the Elisa- and pregnancy tests, were 
studied in detail. 

Although satisfactory results have already 
been obtained, further work is needed in order 
to increase the specific sensitivity and 
reproducibility. 

In collaboration with the Biology Department 
(SCK/CEN) and with COOVI-CERIA, preliminary 
work was carried out for the immobilisation of 
bio-active species in porous structures for 
application in fermentation processes. 

In the area of "Liquid .„embrants", a number of 
"dual" membranes have been prepsred and given 
to Air Liquide, France, for testing. It is, 
however, already obvious that for this kind of 
membrane with a thickness in the range of 10 
um, the existing apparatus is unsuitable. In 
collaboration with the General Workshops, the 
possibility of purchasing a high quality 
precision roller is being studied. 

5.2.4 Membranes for chlor-alkali electrolysis 

R. Leysen, Ph. Vermeiren, W. Adriansens 

Tht overall performance of the zirconium 
oxide-PTFE diaphragm, as well as the mass flux 
characteristics obtained have been reported 
previously 1-3). These results have been 
evaluated by AKZ0 in the Netherlands, and a 3 
year research contract has been obtained. 
Target values for successful technical and 
economical application, such as life tine of 
the diaphragm, cell voltage, current ef
ficiency, quality of products and hydrodynamic 
permeability have been set. 

During the last sixth month period, a lot of 
effort has been directed towards up-scaling 
the sheet area from 400 cm2 to 5,000 cm2. The 
target for industrial application is about 
15,000 cm2, but in order to produce these 
dimensions some new and larger apparatus are 
needed in the preparation line. Figure 
5.2.4.a illustrates the cold rolling of a 
diaphragm with a surface area of about 1000 
cm2. In figures 5.2.4.b and 5.2.4.C, a cross-
section and a pore-size distribution are shown 
respectively. 

The first results obtained with these large-
sized diaphragm: indicate that both the ionic 
conductivity and the hydrodynamic permeability 
were lower compared with the values obtained 
with small-sized diaphragms, whereas the 
current efficiency was hardly influenced by 
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the up-scaling. Because of a decrease in 
overall performance of these up-scaled dia
phragms, a maxiïiiai' effort will be put into the 
recovery of the previously obtained conduc
tivity and peroeafcility values. 
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Fig. 5.2.4.a : Cold rolling of a diaphragm 



Fig. 5.2.4.b Cross-section of a diaphragm 
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Fig. 5.2.4.C Pore size distribution of a diaphragm 
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5.2.5 Supporting activities on alkaline water 
electrolysis 

W. Doyen, R. Proost 

Two production campaigns have been run to 
manufacture both membranes and electrodes for 
the composition of two 120 cell-modules for 
alkaline water electrolysis. 

During the first membrane production campaign, 
the manufacturing process was further opti
mised in order to get less fall out. In this 
period 256 membranes were produced with 170 
membranes fulfilling the quality criteria (66 
X production efficiency). All the membranes 
were characterized resulting in an average 
areal membrane resistance of 0.24 nan2. In 
the second production campaign 152 membranes 
were produced, with 136 pieces fulfilling the 
quality criteria (90 S production efficiency). 
The average areal membrane resistance could 
even be lowered to 0.17 Qcnr (measured under 
the same conditions as mentioned above). 

With respect to the catalysis of the elec
trodes with a geometric surface area of 2,000 
cur, various experiments were performed 
concerning the evolution of the bath com
position during the deposition of the catalyst 
material onto the electrodes. This inves
tigation facilitated the design of a treatment 
procedure where no poisoning effects occur 
when a few hundred electrodes are catalysed, 
using the same bath. 

The first electrode production campaign gave 
the following results : 132 electrodes were 
catalysed of which 5 had to be rejected during 
the quality control. Samples were taken from 
several electrodes, to measure the overvoltage 
for hydrogen evolution. An average value of 
1035 mV vs Hg/Hg0 was measured at 120 °C, 1 
A.cm"2 in 40 wt % NaOH after 48 hours. 
Sufficient adhesion of the catalyst material 
onto the electrode was also found. In the 
second production campaign, 128 electrodes 
we.e catalysed, of which 4 did not fulfil the 
quality criteria. The same good adhesion of 
the catalyst material was found and the mean 
value of overvoltage for hydrogen evolution 
was 1053 mV. 

5.2.6 Characterization of waste products 

A. Joosten, P. Ceuzens, H. El slander 

Thirty samples of municipal refuse were 
characterized on behalf of 0VAM (the Flemish 
public waste authority) 1n order to allow the 
performance assessment of various waste 
processing Installations. The sieving and 
grinding units for municipal solid waste 

pretreatment were mainly considered. Samples 
were collected from public waste treatment 
plants. 

These samples were sieved in seven fractions 
and each fraction was then analysed for its 
ash and water content and its calorific value. 
The laboratory sieving data were used to 
calculate the particle size distribution by 
fitting the Rosin-Ramnler distribution rela
tionship. 

Subsequently, column leaching tests were 
performed on samples taken from : 
- solidified and immobilised sludge at a 

landfill disposal, 
- a process sludge obtained during TiOg 

production, 
- bottom ashes of the waste ccal fluidized bed 
combustor. 

Finally, a small qualification rig for the 
characterization of oil water mixtures on 
their separability by ultrafiltration has been 
put into operation. As a first sample, a wire 
drawing lubricant emulsion (cut oil) has been 
investigated. It appeared that such an 
emulsion can be upgraded with a factor 30 to 
40 on its oil content, by ultrafiltration. 

5.3 SEPARATION TECHNIQUES 

5.3.1 Sludge treatment research 

A. Faseur, J. Van Dooren 

On behalf of the local department of the 
Ministery of Public Works the conditioning of 
sludge dredged from the Ghent-Terneuzen cannel 
is being investigated. In view of developing 
the most suitable treatment scheme for this 
specific sludge, an experimental programme of 
chemical analyses and physical character
ization has been completed. 

Various samples of sludge have been taken at 
different locations In the cannel. The 
chemical analysis data have been compared, not 
only with actual European and international 
concentration limits, but also with the 
properties of sludges from other harbours, 
estuaries and rivers. The Inorganic heavy 
metal content of the Ghent-Terneuzen sludge 
appeared not to pose any problem for agri
cultural use according to European regul
ations. This Ghent-Terneuzen sludge nearly 
equals the Rotterdam harbour sludge quality as 
far as Inorganic pollution by Cd, Cu, Ni, Pb, 
Zn, Hg and Cr is concerned. It was also 
possible to relate the heavy metal content of 
the samples to the nearby industrial acti
vities. 
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The interpretation of the organic content of 
this sludge is, however, more difficult. For 
instance, the polyaromatic hydrocarbons (PAH) 
content of the samples could not be correlated 
to the geographic localisation of the sampling 
points. The presence of PAH thus appeared not 
to be linked at all to the nearby industrial 
activities. Furthermore, international 
threshold values for the organic content of 
sludges are not available. Consequently, the 
data on organic compounds could not be assess
ed on their environmental significance 
comparison with other harbour or river sludges 
remained. This exercise indicated that for 
only a few PAH-compounds, the situation in 
Ghent-Temeuzen is worse than in the Rotterdam 
harbour, although the cause of this difference 
could not be clarified. The content on 
polychlorebiphenyl (PCB) compounds appeared 
similar in both cases at a level not higher 
than 0.1 ppm, exceeded only in two exceptional 
and unclear conditions. Pesticides remained 
below the detection limits of 1 ppb. 

The physical characterization of these sludge 
samples is still continuing. For the granulo-
metric determination, a photosedimentograph 
has been used. This apparatus optimises a 
geological standard method for clay-type 
materials in order to shorten the usually long 
operation time. The rheological measurements 
made with the help of a Haake Rotovisco RV100 
viscosimeter confirmed the tixotropic charac
ter of the sludge that appeared to depend 
strongly upon its granulometric composition. 

These results on chemical composition and 
physical properties of the different sludge 
samples have been applied to support the 
choice for a fractionation treatment scheme. 
An experimental investigation of this scheme 
in small laboratory technical equipment is 
being prepared on the basis of the qualifying 
results obtained thus far. 

5.3.2 Water research 

A. Faseur, J. Van Dooren 

The water research activities in this depart
ment are mainly concentrated on SVW (Study 
Centre for Water Research) research activi
ties. In the framework of the scientific 
coordination task in SVW, the SCK/CEN water 
laboratory supports R&D activities for indus
try. The chemical and physical characteriz
ation equipment for different measurements 
(turbidity, conductivity, BOD, COD, flltra-
billty, particle size analysis) and for 
f1occu1at1on studies, has been ipade available 
to industrial constructors of waste water 
treatment systems for the characterization of 
different waste waters. 

This year the research activities in this area 
have been especially focussed on the conduc
tion of a project "Development and Optimiza
tion of a container Treatment System". The 
aim of the project is the development of a 
small domestic waste water purification 
station, operating following the chemical 
precipitation. The physico-chemical process, 
consisting of flow formation and floe separ
ation is carried out by means of a flocculator 
and a lamella separator. During the first 
phase of this research project a literature 
review about coagulation and flocculation was 
given and the results of the first labscale 
experiments were used to dimension the floccu
lator. The second phase was essentially 
carried out on a pilot plant, installed at the 
waste water treatment plant in Dessel. 
Different flocculants with variable dosage 
concentrations were tested in order to opti
mize the floe formation and floe separation. 
It is in this stage of the research that the 
SCK/CEN water laboratory delivered technical 
assistance and scientific support to the 
project. The third phase of this research 
project, which will be carried out in the near 
future, concerns the scaling up to at least 
construct a real installation in Jabbeke. 

5.3.3 Photochemical PCB-destruction 

A. Faseur, L. Kinnaer (Technology Department) 

Pilot scale photochemical treatment of liquid 
effluents contaminated with organic products 
becomes possible according to small scale 
scouting tests. At the request of an indus
trial partner, SCK/CEN will demonstrate this 
photochemical destruction technique for liquid 
waste containing polychlorebiphenyl s (PCB). 
It will be possible by this method to destroy 
PCB's and other highly hazardous organic 
compounds at room temperature under safe 
circumstances and avoiding risky combustion 
phenomena. 

5.3.4 Aerosol trapping 

C. Weyers 

In the framework of a contract with the 
Flemish Government the development of . ,e 
patented mul ti-ejector-venturi Ju*., been 
continued. The third unit with a gas through
put of 100 nrh"1 has been adjusted in the 
laboratory to treat of f-gases as well at an 
inlet temperature of 400°C, by using an 
appropriate pre-cooler. The complete set has 
been transferred to an industrial user where 
the first short runs confirmed the excellent 
performance, even for submlcronic particles 1n 
the presence of corrosive components in the 
dirty Industrial by-pass off-gas stream. Long 
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duration runs are being prepared. 

Negotiations have started for the commer
cialisation of this environmental superclean 
device based on advanced technology. Tech
nical and economical assessment have been 
performed to identify the specific features of 
the multi-ejector-venturi in comparison to 
other gas cleaning devices. 

This experience on submicron aerosol trapping 
has provided the possibility of supplying 
specific and confidential services to indus
try. 

5.4 PROCESS TECHNOLOGY 

5.4.1 Qualification of fluidized bed combus
tion for coal fractions 

P. Hey1en 

In the small quartz-metal fluidized bed 
combustor for 1 kg coal batches, a screwfeeder 
has been put into operation. During the first 
reception tests, several uncontrolled tempera
tures occurred in this screwfeeder. The worst 
trouble was back fire in the screw-feeder 
causing damage to the moving plastic hopper. 
These operational problems appeared to be 
caused by early heating in the presence of air 
in the feeder resulting in pyrolysis, swel
ling, agglomerating and partial combustion of 
the coal volatiles. This trouble could be 
avoided by installing a metal hopper under 
nitrogen and an evolved screwfeeder. This 
experience stresses the importance of the 
peripheral devices, their construction ma
terial, and operational application condi
tions. 

Different coal fractions of Beringen coal were 
burned in an over-all reception campaign. 
Preliminary data were obtained on the fluid-
izing and combustion conditions, on the 
release of environmental hazardous compounds 
and the quality behaviour of stainless steel 
in different locations in the equipment. 

The experimental investigation in this small 
laboratory combustor has been delayed in 
favour of on-line measurements in the off-gas 
of the demonstration 40 MWth fluidized bed 
combustor at KS Beringen, and the different 
coal waste fractions used there. The in-line 
off-gas analysis equipment, checked and 
adapted during reception tests in the small 
laboratory unit, had to be transported to 
Beringen for this purpose. Orientative 
measurements were taken at Beringen on the 
average oxygen, carbonmonoxide, carbondioxide, 
sulphurdioxide, hydrogen sulfide and nitrous 
oxide content of the gaseous effluent beyond 

the heat recovery system. Improvement hints 
could thus be given to the KS-operator of this 
demonstration unit. In aadition, preliminary 
information was obtained oi: the erosive and 
corrosive nature of the gaseous effluent in 
the off-line of this combustor, resulting in 
valuable suggestions for construction material 
research. 

5.4.2 Materials tests in a fluidized bed coal 
g^sifier 

P.Hey1 en, G. Wouters 

In the framework of a CEC sponsored research 
contract with three foreign partners, a 
laboratory size fluidized bed coal gasifier 
has to be assembled and operated for ero
sion/corrosion testing of candidate materials, 
under well characterized and representative 
conditions. For this purpose, a materials test 
rig will be assembled in the free board zone 
of the gasifier. The main hardware components 
of the gasifier are available, and inquiries 
for the auxiliary hardware are in progress. 
The implantation schemes and process flow 
sheets are being discussed with the safety and 
technical services. A safety report is being 
prepared. 

5.4.3 Process qualification of municipal waste 
incinerator 

P. Geuzens, H. Els lander 

In the start-up period of the municipal solid 
waste incinerator IVNWL at Houthalen, our 
assistance has been requested. This inciner
ator has a nominal through-put of 2x8 ton 
waste.h"*. Various process parameters had to 
be determined experimentally to qualify its 
performance during the delivery tests with the 
aim of guaranteeing the operating conditions 
established in the design. 

The following process parameters of this 
installation have been measured : 
- real through-put of municipal waste fed into 

the incinerator 
- composition and calorific value of the waste 

incinerated 
- quantity and quality of the solid residues : 

bottan ash and fly ash 
- flow rate and heat content of the different 

energy vectors including the parameters of 
the energy losjes 

- composition and flow rate of the liquid and 
gaseous effluents. 

The data collected during several days of 
operation were used to determine the mass and 
energy balances of the different units and of 
the whole installation. The environmental 
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impact of the installation could also be 
quantified using process engineering evalu
ation techniques. 

5.4.4 Processing techniques for waste products 

P. Geuzens, H. Elsi ander 

On behalf of OVAM (the Flemish Public Waste 
Authority), various industrial waste products 
have to be qualified as to behaviour during 
combustion and/or conditioning prior to 
disposal. Besides the off-line analytical 
equipment, various technical facilities at 
laboratory scale are being put into operation 
for this purpose. 

The construction of the spout fluidized bed 
(SFB) incinerator has been completed. The 
feeding and metering equipment for solid and 
liquid waste has been tested. Moritorini 
equipment for gas emission has been added ana 
the data acquisition system h-~ been developed 
and checked. 

A conventional burner of a central heating 
boiler has also been acquired in order to be 
able to qualify experimentally the combustion 
conditions of waste oils contaminated with 
chlorinated organic compounds or with heavy 
metals. The actual practise of destruction of 
these contaminated oils by incineration will 
be evaluated in this conventional burner by 
experimental investigation on Its environ
mental riazard. 

In the small quartz fluidized bed combustor 
and in the SFB, the incineration of acid tar 
has been studied. This acid tar comes from an 
old landfill that has to be cleared away on 
behalf of OVAM because of its groundwater 
pollu*ion threat. Several runs were performed 
in the laboratory installations with the 
liquid and reprocessed solid acid tar, using 
as bed material sand and/or limestone. 

The burning parameters and the S02-eni1ss1on 
were continuously monitored. This investi
gation indicated that the tested acid tar can 
be very well incinerated in a fluidized bed 
under environmentally acceptable conditions. 

The S02-emission can be decreased sufficiently 
low by trapping the sulphur in the fluidized 
limestone bed. The practical Ca/S mole ratio 
for optimal St^-recovery was determined for 
the best limestone available on the market. 
These results were used to formulate a well 
founded proposal to OVAM concerning the legal 
regulations for S02-em1ss1on when energy 
recovery from add tar 1s applied 1n a fluid
ized bed Incinerator. 

Finally, a few tentative tests were made on 
the incineration of TBP (tri-butyl-phosphate) 
waste in a fluidizeC bed. This experimental 
study performed on behalf of the nuclear waste 
department looked promising for this destruc
tion technique of nuclear liquid waste. 

5.4.5 Electrochemical dispersion reactor 
technology 

R. Craps , C. Van der Poorten 

The industrial feasibility of the dispersion 
electrode as part of an electrochemical 
reactor system has been further investigated 
in the framework of a contract with the 
Flemish Government. The effort has been 
focussed on two potential applications : 
- electrochemical etching 
- treatment of scrap. 

Further experiments were carried out to 
quantify the charging and the discharging of 
the dispersion electrode. The laboratory 
experimental set-up, used for this systematic 
research has been described in the preceding 
semi-annual reports. In order to get a curve 
characterizing the charging phenomena, an 
inert electrode was placed in the etching 
chamber to measure the potential differences 
during the experiment. To get an idea of the 
discharge characteristics, a soluble electrode 
was placed near the inert electrode. 

Results of two sets of experiments are given 
in the Figures 5.4.5.a and 5.4.5.b. Details 
of the different steps of these experiments 
can be found in Tables 5.4.5.a and 5.4.5.b 
respectively . 

In each experimental run, the system is first 
stabilised for 30 minutes. Afterwards, the 
charging of the dispersion electrode is 
started by switching the current on. A 
complete charging characteristic until satu
ration, is given in figure 5.4.5.b (part 2). 
Four periods can be distinguished in the 
S-shape curve obtained : 
period 2.1. : no change in potential 
period 2.2. : a steep increase in potential 
period 2.3. : a smooth dying out of the 

potential increase 
period 2.4. : a plateau of the potential 

It seems that the particles of the dispersion 
electrode need a certain incubation time of 
about ten minutes (period 2.1.) to get 
charged. This fact is probably due to the 
surface state of the positively charged 
electrode 1n the electrolyses chamber which 
will be charged during this period to become 
active. Simultaneous to the "delay", a sharp 
fall of the anode potential is observed. 
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Part 

1 
2 
3 

4 

Table 5.4.5.a 

Current 
A 

0 
* (0.5) 
* (0.5) 

* (0.5) 

: Experimental conditions 

Electrodes in etching 

inert electrode 
inert electrode 
inert electrode 
+ copper plate 
inert electrode 

of Fi 

room 

gure 5.4.5.a 

Treatment 

stabilisation 
charging 
charging + 
discharging 
recharging 

* Different currents were investigated (result of 0.5 A is given in figure 
5.4.5.a). 

40 80 \Z<a 160 200 240 280 
t i m e ( m i n ) 

320 350 400 440 480 

Figure : 5.4.5.a : Behaviour of a dispersion electrode under Table 5.4.5.a conditions 

Once the anode has become "rjady" for charge 
transfer to the carbon particles, the charging 
of the particles takes place rapidly. The 
slope of this part of the curve (period 2.2.) 
1s current dependent and varies from a few 
millivolts per ,n1nute (0.5 A) to ten milli
volts per minute (Z A) for a particular 

system. After <i certain time, all the par
ticles are fully charged and a maximum plateau 
value 1s reached (perirJ 2.4.). This maximum 
value was 1100 mV for the 1.5 A and 2 A 
experiments. 

Part 3 from figure 5.4.5.a, gives the response 



Table 5.4.5.b : Experimental conditions of Figure 5.4.5.b 

Part Current 
A 

Electrodes in etching room Treatment 

0 
* (1.5) 

0 
0 

inert electrode 
inert electrode 
inert electrode 
inert electrode 
+ copper plate 

stabilisation 
charging 
non-active 
discharging 

* Different curren+s were investigated (result of 1.5 A is given in Figure 
5.4.5.b). 
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Figure 5.4.5.b : Behaviour of a dispersion electrode under Table 5.4.5.b circumstances 

to the Insertion of a soluble electrode Into 
the etching chamber, after the dispersion has 
been charged to a certain value and while the 
current remains on. This situation simulates 
the practical case where metals are dissolved 
by electrochemical etching with a dispersion 
electrode. A sudden decrease in potential of 

the inert electrode 1s observed. After a 
certain time the electrode has reached a 
steady state potential. The value of this 
potential depends on the current ; the higher 
the current, the higher the potential, whereby 
the latter is a direct measure of the charging 
transfer between the dispersion electrode and 



the soluble electrode. 

A sudden steep increase in potential is 
measured (period 4, figure 5.4.5.a), when the 
soluble electrode is removed. This indicates 
that the anode is still in its active state at 
that moment. The particles are charged quite 
rapidly. 

The interruption of the current results in a 
very small drop of the inert electrode poten
tial (period 3, figure 5.4.5.L). It was found 
that the dispersion particles were able to 
keep their charge over quite a long period of 
time. 

More experiments ar; needed to qualify and 
quantify the behaviour of the carbon particles 
of the dispersion electrode. A systematic 
investigation of ill the working parameters 
and their correlation will give the necessary 
design and operation information for the 
various interesting applications of this 
dispersion electrode. 

5.4.6 Ceramic and metallic materials for high 
temperature heat exchangers 

G. Wouters, W. Debruyn (Metallurgy Department) 

A first set of metallic and ceramic test 
specimens has been exposed to the off-gases of 
an aluminium remelting furnace. The exposure 
time was 1175 hours for the metallic materials 
and 500 hours for the ceramic n,aterials 
respectively. The corrosion tests had to be 
interrupted prematurely due to excessive 
corrosion of the specimen holders. The 
post-exposure examination of the recovered 
materials is in progress, the results are 
being reported by the Metallurgy Department. 
The design and the materials used for the 
specimen holder have now been modified. A new 
series of test specimens will be introduced 
into the test section in September. Materials 
from the first set 'is well as some newly 
purchased materials, will be included. Two 
meta'lie bars, covered by the Metallurgy 
Depaitment with corrosion resistant graded 
cerairic/metallic coatings are also included. 

In parallel with these preliminary corrosion 
t»sts, discussions have been held with various 
Belgian and foreign partners in order to 
develop and market the results in the develop
ment of heat exchanger components for use in 
aggressive environments. As a conclusion, a 
common research project has been set up with 
two Belgian and one French partner which aims 
at the development, production and testing of 
a ceramic heat recuperator to be used in 
aluminium and glass melting furnaces or in 
other aggressive environments. The project is 

sponsored by the non-nuclear energy programme 
of the CEC. The project will start at the end 
of 1986. The SCK/CEN contribution includes in 
situ corrosion tests, pre- and post exposure 
materials examination and testing of a proto
type recuperator at tne end of the project. 

5.5 PROCESS ENGINEERING 

5.5.1 Energy recovery from municipal solid 
waste 

P. Vanderstratten, C. De Brandt, D. De Vooght 

In the framework of RECYTEC, the development 
and marketing of the combustible fraction or 
municipal solid waste (Refuse Derived Fuel-
RDF) for process heat production is being 
assessed. The technical and economical 
feasibility of municipal waste disposal, with 
RDF-application for industrial steam produc
tion, was further investigated. A comparative 
study has been rade for the RDF-separation by 
air classification as applied at Meise, and 
drum sieving as applied by Intercompost 
Bilzen. The technical and economical perfor
mance of drum sieving appeared superior to 
that of air classification, certanly for the 
first separation step. 

The negotiations with OVAM and Bekotec NV for 
the setting-up of a demonstration project were 
continued. Collective application has been 
made for CEC-support in the field of energy 
demonstration projects 1986. 

With two potential industrial consumers of 
process heat from RDF-combust1on, the feasi
bility of this RDF-application was furthc. 
evaluated. In clo-p cooperation with a 
specialised constra » of waste fuel fur
naces, a particular aesign of a 10 MWth 
RDF-bo^ler for process heat delivery is being 
developed. The corresponding investment and 
operating cost are being assessed. 

5.5.Ü Process evaluation of the off-gas line 
for the HAWAI-waste incinerator 

G. Van Houte 

The new waste incinerator HAHAI of the SCK/CEN 
has been planned with the double objective of 
treating low and intermediate level radio
active waste components simultaneously with 
toxic or dangerous industrial wastes (chemi
cals, solvents, used oi ls) . This waste will 
be incinerated in two independently func
tioning burners, the f i rst burning solid waste 
(400 kg/h), the second burning liquid waste 
(200 kg/h max). 

The purification Une of the off-gases has to 



be designed for the cases that both burners 
operate either simultaneously or separately. 
This implies a great variability in tha 
working conditions of the ga«- treating system 
for tr* parameters : temperature, flow rate, 
radioactivity and acidity of the gases. The 
corresponding assessment of the off-gas 
treatment is focussed on minimum and maximum 
value for these important parameters. 

In the off-gas treating line three principal 
functions are to be fulfilled : 
1) the cooling of the gases 
2) the filtration of the dust 
3) the chemical washing of the gases 

1) Cooling of the gases 
Different operation steps are foreseen to 
cool the hot of f-gas down to the working 
temperature of the washers : 
- heat exchange in a gas-gas heat exchanger 

: the recovered hot air could be mixed 
with the cleaned gases in order to 
increase its temperature above its dew 
point in the releasing chimney 

- evaporation of water in a water injection 
cooler 

- addition of cool air to the hot gases. 

The relative capacity and arrangement of 
the heat exchanger, the water injection 
cooler and the air mixers in the gas 
cooling system are now evaluated, depen
ding, among other things, on the results of 
corrosion tests of different materials. 
These corrosion tests are presently under 
way in the SCK/CEN. 

2) Filtration of the dust 
Taking into account the radioactivity »<•! 
the fineness of the solid partiele* en
trained by the of f-gases, a double filtra
tion system will be installed. 
Host of the dust will be trapped on bag 
filters. A highly efficient filtration 
will be achieved by a double line of 
HEPA-filters. The relative location of the 
KEPA filters in the gas cleaning instal
lation (before or after the washing of the 
gases) will be assessed, depending on the 
results of tests projected with special 
temperature-resistant HEPA filters. 

3) The washing of the ga-es 
The incineration off-gases might contain a 
relatively high concentration of HC1 and 
possibly of S0X and N0X depending upon the 
type of waste burnt and the combustion 
conditions in both burners. The add gases 
will be neutrali2ed by washing with an 
alkali solution 1n a washing tower. 
Various types of scrubbers, namely packing 
tower, venturi scrubber, venturi ejector 

scrubber or aspersion tower are considered 
and evaluated on their merits. 

The heat and mass balances in the gas phase 
have been calculated for each stage of the gas 
purification line and for different possible 
flow sheets, allowing an initial sizing of the 
installations. On the basis of these prelimi
nary results, different manufacturers are now 
being contacted. 

5.5.3 Safety assessment of industrial instal
lations 

G. Wouters, P. De Boeck (Technical Services 
Dept.) 

A safety analysis report of a chlorine un
loading, storage and evaporation facility has 
been prepared on behalf of a titanium-dioxide 
producer. This report is a part of the 
licensing procedure for a new facility to be 
erected. The Chemical Engineering Department 
has worked out the source terms of chlorine 
re'sases for different accident scenarios 
proposed. The dispersion of these chlorine 
releaser have subsequently been analysed by 
the radiation Control and Safety Department, 
using heavy gas dispersion models in order to 
propose guidelines for major accident inter
vention plans. 

5.6 PUBLICATIONS, REPORTS, LECTURES 

5.6.1. Publications 

- A thin porous polyantimonic acid based 
membrane as a separator in alkaline water 
electrolysis, R.Leysen, W. Doyen, R. 
Proost and H. Vandenborre, in "Membranes 
and Membrane Processes", edited by E. Drioil 
and M. Nagakaki, Plenum Press, New-York -
London (1986) 

- Capture of Krypton by cryogenic distil
lation, L. Geens, W.R.A. Goossens, J. 
Marien, Technical Assistance : E. Ooms, J. 
Stevens, J. Boons, M. Hertschap, Commission 
of the European Communities, Nuclear Science 
and Technology, Eur 10515 EN, Final Report 
(1986) 

- Controle van de luchtverontreiniging in 
Japan, A. Faseur and H. Peperstraete, Chemie 
Magazine, May (1986) 

- Filtratie-onderzoek bij het SCK, A. Faseur, 
Technivizle, April (1986) 

- "Karakterisatie van Ultraflltratiemem-
branen",L. Schoovaerts, Eindwerk Burgerlijk 
Ingenieur, K.U.L. (1986) 

- Magnetisch gestabiliseerd wervelbed, P. 
Geuzens, D. Thoenes, 12-procestechnologie, 
Nr. 3, (1986) 

- Magnetisch gestabiliseerd wervelbed als 
continu gasfllter, P. Geuzens, 0. Thoenes, 
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12-procestechnologie, Nr. 4, (1986) 
- Wateronderzoek en hydrogeologie bij het SCK, 

A. Faseur and J. Patyn, in Proceedings of 
the KVIV-VCV-symposium "Onderzoek in dienst
verlening in Vlaanderen t.b.v. het Leef
milieu", 28 May (1986) 

5.6.2. Lectures 

- "Stofvangen in een magnetisch gestabiliseerd 
wervelbed", lezing SCK/CEN, februari 1986 

- "Membranen : Bereiding en Karakterisatie", 
G.K. Pearce and R. Leysen, SCK/CEN, 10 april 
1986, 

- Submicronic Aerosol Filtration by a New 
Ejector-Venturi, C. Weyers, M. Klein, W.R.A. 
Goossens, First World Congress Particle 
Technology, Nuremberg, April 17, 1986 

- Off-gas Cleaning of a liquid waste vitri
fier, C. Weyers, M. Klein, W.R.A. Goossens, 
4th World Filtration Congress, Oostende, 
22-25 April 1986. 

- Submicronic Aerosol Filtration by a New 
Ejector-Venturi, C. Weyers, M. Klein, W.R.A. 
Goossens, 4th World Filtration Congress, 
Oostende, 22-25 April 1986 

- Characterization and treatment of some 
industrial and hazardous wastes, P. Geuzens, 
Posterpresentatie Novotec, Brussel, april 
1986. 

- "Magnetic filtration of waste waters", A. 
Faseur, J. ' Oooren, R. Vanbrabar.t, W. 
Goossens, WFC .', Ostend April 1986 

- "Magnetic filtration of waste waters", A. 
Faseur Poste»"presentation at WFC IV, Ostend, 
April 1986 

- "Water and Sludge Research", A. Faseur, 
Posterpresentation, Novotech, Brussels, 
April 1986 

- "Waterfiltratlon Research", A. raseur, 
Posterpresentation at WFC IV, Ostend, April 
1986 

- Gas filtration in a magnetically stabilized 
fluidlzed bed, P. Geuzens, posterpresentatie 
WereldfiUratiecongres Oostende, april 1986. 

- "Environmental Research : Water a> J Sludge", 
A. Faseur and J. Patyn, Posterpresentation, 
KVIV-VCV-sympos1um "Onderzoek en Dienst
verlening 1n Vlaanderen t.b.v. het Leef
milieu", 28 May 1986 

- Verbranding van afvalstoffen en afgasbehan
deling, P. Geuzens, W. Goossens, poster-
presentatie VCV-KVIV studiedag, 28 mei 1986. 

5.6.3. Patents + Reports 

- "Werkwijze ter vervaardiging van een elek
trode e. aldus vervaardigde elektrode",Ph. 
Vermeiren, R. Leysen, R. Cornel1ssen and 
J.B. Vandenborre, Belgisch Patent, nr. 
904.281 (1986) 

- Progress report "Karakterisatie van 
baggerslib van het Kanaal Gent-Terneuzen", 

internal report, 86/44/L3006/AF/PC/291 
- Mission report : WFC IV courses and congres, 

19-25 April 1986, internal report, 
86/44/X8820/AF/gm/186/T 

- Chemische kara'.terisatie en verbranding van 
zuurteer in een wervelbed, P. Geuzens, 
86/44/L2545/PG/gm/261/T 
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6.2. SHORT-TKRM AND 

IONIZING RADIATION 
LONG-TERM EFFECTS OF 

6.2.1. Biology and radloblology of plant 

cells : Acetabularia acetabulum, Batophora 

oerstedli and Boergesenla furbesii 

S. Bonotto, R. Kirchmann, L. de Saint-Georges, 

M. Piques (Gembloux), E. Dujardin (Liège), 

C. Sironval (Liège), F. Cinelli (Pisa), 

A. Santulli (Trapani) 

Giant unicellular organisms are useful for 

Investigating the response of the cell to 

stress conditions, which may be provoked by 

physical (radiations, thermal shock, high 

light intensity) and chemical (salinity, 

various pollutants) factors. Research on the 

biology and radiobiology (X-rays) of Acetabu

laria, Batophora and boergesenia was continued 

in collaboration with other laboratories. Of 

peculiar interest is the fact that Acetabu

laria cells, which under normal conditions ;'re 

green, may become red (fig.l) when light 

intensity and salinity are high. Red cells 

were submitted to biochemical and electron 

microscope analyses, which have revealed a 

high carotenoid content. Possibly, carotenoids 

have a protective effect on the chloroplast 

thylakoids. 

6.2.2. Commercial Interest of microalgae, 
blue-green bacteria and marine macroalgae 

S. Bonotto, D. van der Ben (Bruxelles), 

A. Santulli (Trapani), F. Cinelli (Pisa) 

A review study was carried out on the 

commercial Interest of micro- and macronlgae 

and of blue-green bacteria. Lists of the most 

promising species were prepared, with their 

specific use. The importance of these aquatic 

organisms is expected to increase in the 

future, since terrestrial ecosystems alone 

would probably be unable to meet the in

creasing demand of the growing human popula

tion for food and raw materials. Experimental 

work would permit to develop suitable 

procedures for optimal culture conditions of 

valuable species. 

6.2.3. Regeneration of the adult rat brain 

induced by X-lrradlatlon 

H. Reyners, 

J.R. Maisin 

Gianfelici de Reyners, 

The main goal of the project is to study the 

onset and development of the late effects 

after focal X-lrradiation of the rat brain 

(total dose delivered at age 3 months : 

„ ^ 

Fig.6.2.1. 
Acetabularia acetabulum. Red cells, together with green ones, found in an extreme environment, the salt
works near Trapani (Sicily), where light intensity and salinity are very high. 
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20 Gy). These effects mainly consist in myelin 
degeneration and vascular abnormalities which 
appear after a latent period not less than 9 
months. The damage is mainly located in White 
Matter areas, particularly in the Fimbria of 
Corpus Callosurn (Hopeweil & Reinhold, 1980). 

Our past studies had ?hown that the latent 
period is actually not inactive and important 
changés occur in certain cellular populations 
(glial cells) as early as 7 hours after X-ray 
treatment. The distribution and characteris
tics of the glial cells which enter into 
reparative proliferation after irradiation 
have now been studied using tritiated thymi
dine autoradiography. A major cell propagatio" 
was found to occur in primitive glial cells at 
3 weeks after irradiation ; these cells were 
mainly located in the White Matter, princi
pally in the Fimbria. In corresponding control 
rats, the latter zone was also found to be a 
focus of cell proliferation. 

The topographical analogy between these obser
vations and those of Hopewell and Reinhold is 
certainly not merely coincidental. Indeed, it 
can be supposed that the proliferation of 
clones of X-ray damaged cells results in the 
restoration of an abnormal cellular environ
ment incompatible with normal brain metabo
lism ; this would in time provoke the onset of 
the late degenerative processes. An additional 
point of interest of this hypothesis is that 
the late effects of brain irradiation now 
appear as normal radiobiological phenomena 
since they are consequent to killing and 
impairment of the reproductive cells of the 
brain. 

6.2.4. Late effects of very low dose irradia
tion to the rat embryo 

H. Reyners, E. Gianfelici de Reyners, 
J. Vankerkom, J.R. Maisin, H. Liskien (BCNM, 
Geel), A. Paulsen (BCNM, Geel) 

Euratom Contract BIO-16-0071-8 

The study of the effects of exposure to very 
low dose:, of X-rays (250 KV) and neutrons (2.5 
MeV) administered to 15 day embryo rats has 
revealed that the thickness of the cingulum 
area can be significantly attenuated after as 
little as 20 cGy X-rays for 10 cGy neutrons. 
For this endpoint and in such low dose range, 
an RBE (Relative Biological Effectiveness) 
ratio smaller than 4 was found between X-rays 
and neutrons. This value is smaller than 
expected from the literature. 

In order to find whether X-ray doses lower 
than 15 Gy would still represent a hazard to 
brain development, exclusive use of animals 

born from litters of identical size and from 
primiparous dams of identical weight and age, 
has now been adopted in order to minimize 
causes of variation inherent to the past 
experiments. This work is still in progress. 

6.2.5. Radiation-induced leukemia and related 
viruses and oncogenes 

M. Janowski, B. 8orremans, R. Hooghe 

Euratom Contract BIO-16-O09O-B 
FRSM Contract 3.4549.™ 

A novel cellular RNA species is synthesized in 
relation to lymphomagenesis ïr.duced in rats 
with a molecularly cloned isolate of radiation 
leukemia virus (RadLV). Its synthesis is 
promoted by retrovirus-relaied signals in the 
tumor cell genome. The most reasonable expla
nation is e mechanism involving activation of 
the corresponding cellular gene by adjacent 
insertion of retroviral sequences. To test 
this hypothesis, we performed a restriction 
enzyme analysis of the tumor cell genome, and 
did not find adjacent insertion of a complete 
retrovirus. The possibility of a promoting 
effect being exerted by adjacently integrated 
deleted proviruses cannot be ignored. However, 
we discovered that retrovirus-like promoting 
sequences are abundant even in normal mamma
lian DNA. Therefore, we must also consider the 
possibility that randomly integrated pro-
viruses, of which several copies appear ir 
tumor cell DNA, might exert a remote control 
on such endogenous promotors (trans control 
effect). 

We used the total messenger RNA population of 
tumor cells to synthesize a complementary DNA 
library by reverse transcription. We are 
presently attempting to clone molecularly this 
cDNA population in bacteriophage DNA, in order 
to select subsequently the cDNA of interest, 
whiih will be used as a probe to localize the 
corresponding gene in normal cell DNA. From 
this information, it will be possible to 
determine its properties and nucleotide 
sequence, and to investigate t*ie mechanisms of 
its activation in relation to RadLV-induced as 
well as to radiation-induced leukemogenesis. 

6.2.6. Radiation-induced osteosarcomas and 
related viruses and oncogenes 

B. Borremans, M. Janowski 

Euratom Contract BIO-16-0090-8 

Internal irradiation of mice using bone-
seeking radionuclides ( Ra or 9 Sr) results 
in the activation of endogenous retroviruses 
and in subsequent development of bone tumors. 
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We examined the organisation of ecotropic 
proviral sequences, known to be involved in 
the generation or tumorigenie viruses. Eight 
of 28 primary osteosarcomas of Balb/c mice 
were shown to contain novel proviral se
quences. In one of the tumors, more than one 
provirus was integrated. We are presently 
cloning one of the newly integrated provi
nces, together with its flanking cellular 
sequences, in the genome of a bacteriophage. 
This will allow us to use the flanking se
quences as probes in order to search for 
common integration sites, possibly involved in 
the activation of a cellular oncogene. 

We looked for amplification, rearrangement and 
translocation of different proto-oncogenes. So 
far, c-myc, c-fos, c-mos, c-abl and c-bas were 
tested. Four of the tested radiation-induced 
osteosarcomas displayed a c-myc amplification, 
one of them associated with rearrangement. The 
possibility that these modifications provide 
oncogenic functions is yet to be tested. Two 
tumors showed rearrangements of the c-fos 
domain, but this needs confirmation. Differen
tial expression of known oncogenes is cur
rently under investigation. 

6.2.7. Non- carcinogenic aspects of radiation 
and radioprotection 

6.2.7.1. Early and late irradiation damage to 
the haemopoietic system 

G.B. Gerber (CEC) 

The effects of prenatal and early post-natal 
whole-body Irradiation (0.5 Gy) on the immune 
response have now been evaluated in larger 
groups of A/J mice. At the age of two months, 
mice were immunized against a:-ponate. Antibody 
titers were measured. In addition, qualitative 
analysis of the antibodies was carried out 
using antl-idiotypic monoclonal antibodies 
against a cross-reactive idiotype (CRI). 
Prenatal irradiation (14-20 days of gestation) 
did not result in a decrease of antibody 
titers. An increased expression of CRI was, 
however, observed in irradiated mice. In 
contrast, mice irradiated 5-7 days after birth 
had a slight decrease in their titers of 
ARS-specific antibodies without reductfon In 
CRI (work carried out in collaboration with G. 
Urbain, U.L. Brussels). 

A similar study has been initiated 1n the rat 
(1n collaboration with H. Bazin, U.C. 
Louvaln). 

6.2.7.2. Early and late radiation damage to 
the hemopoietic and immune system of mice 

L. de Saint-Georges, G.B. Gerber, J.R. Maisin 

In order to test the stromal cell capacity and 
determine the limit of cell quantity to be 
injected for a rescue effect in mice, colonies 
in the spleen (CFUs) were counted cfter injec
tion of decreasing bine marrow stem cell 
concentrations (500,000 until 50,000 cells) 
into highly irradiated host. The optimal 
efficiency was found with 100,000 (C57BL) and 
200,000 (Balb/c) cells. Above those values, 
the CFUs are less correlated to the number of 
bone marrow stem cells injected. 

To test the ability of the neonate irradiated 
hemopoietic system to respond later to an 
increased demand, mice at different ages were 
kept for three days under reduced pressure 
(370 mbar) and the response f reticulocytes 
was measured. 
All the results will be available during the 
second half of 1986. 

6.2.7.3. Radiation induced fibrosis in the 
lung 

L. de Saint-Georges, U. Van Gorp, J.R. Maisin 

Stereological studies of the air blood barrier 
modification in mouse lung were completed for 
exposure to If and 20 Gy, for a period up to 
12 months after irradiation. 

The gradual thickening of the alveolar wall 
(Tt) and the air blood barrier (Tc) after 
irradiation is essentially due to : 
- an oedemization and filling of the 
Interstitial space by fibrous material 
- an increase In the number of interstitial 
cells. 
The total volume of the endothelium decreases 
quickly after irradiation. The capillary 
network is dramatically reduced and capillary 
lumen is often narrowed or collapsed. The 
total volume of the epithelium Increases 
slightly. Type II epithelial cells show 
hyperplasia and hypertrophia, whereas type I 
epithelial cells are reduced. 

Endothelial to epithelial surface ratio 
(Sr/Sg) is reduced to about half the normal 
value. Both Sj and SE are reduced but the 
phenomenon 1s much more marked for Sj. The 
Intensity of damage observed is well corre
lated to time (up to 12 months). 

6.2.8. Life-shortening and disease Incidence 
in C57BL after single and fractionated gamma 
and high-energy neutron exposure 

J.R. Maisin, '.. Wambersle (Université Catho
lique de Louvaln), G.B. Gerber, M. Lambiet-
Collier, J. Gueulette (Université Catholique 
de Louvaln) 
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C57B1 mice were exposed to single or fractio
nated d(50)-Be neutrons or "7Cs ganma ray 
exposure at 12 weeks of age and were followed 
for l i fe shortening and disease incidence. The 
data were analysed by the Kaplan-Meier proce
dure, using as criteria the established and 
possible causes of death. Individual groups 
were compared by a modified Wilcoxon test 
according to Hoel and Walburg, and entire sets 
of different doses from one radiation schedule 
were evaluated by the procedure of Peto and by 
the Cox proportional hazard model. No signifi
cant difference was found in survival time of 
C57B1 mice between a single ganma and neutron 
exposure. Gamma fractionation was clearly less 
effective in reducing survival than single 
exposure. On the contrary, fractionation of 
neutrons was slightly, although no; signifi
cantly more effective in reducing lifespan 
than a single exposure. Survival time appeared 
to be a linear function of dose in al l groups 
studied (figure 6.2.8.) . The data on causes of 
death show that malignant tumors, particularly 
leukemias including thymic lymphoma, and 
non-stochastic iung diseases were the princi
pal cause of l i fe shortening after a high 
single gamma exposure. Exposure delivered in 8 
fractions 3 hours apart was more effective in 
causing leukemias and all carcinomas and 
sarcomas than one delivered in 10 fractions 24 
hours apart or in a sin„ie session. Following 

a single neutron exposure, leukemias and all 
carcinomas and sarcomas appeared to increase 
somewhat more rapidly with dose than after 
gamma irradiation. No significant difference 
in the incidence of leukemias and all 
carcinomas and sarconus was noted between a 
single and a fractionated neutron exposure. 

6.2.9. Effect of X-rays alone or combined with 
diethylnitrosamine on cancer Induction in 
mouse liver 

J.R. Maisin, L. de Saint-Georges, M. Janowski, 
M. Lambiet-Collier, G. Mattel in 

The possible combined effects of the initiator 
diethyl nitrosamine (DEN) associated with X-ray 
irradiation on cancer induction in infant 
mouse liver was studied. Male C57BL/Cnb mice 
14 or 21 days of age were given an intra
peritoneal injection of 0, 0.312, 0.625, 1.25 
and 5 ug of DEN in 0.9X NaCl solution per g 
body weight. Additional mice were treated at 
the age of 14 days with 0.312 or 5 ug od DEN 
followed by a single dose of 0.95 or 2.85 Gy 
of X-rays 7 days later or with the same dose 
of DEN but with radiation f i rs t and the drug 7 
days later. Ten mice of each group (except for 
the group of mice treated with 5 ug/g of DEN 
body weight) were killed 64 or 78 weeks after 
DEN administration and the remainder were kept 
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until natural death occured. Autopsies were 
performed and the livers were removed in toto. 
The results obtained so far demonstrate the 
usefulness of the infant mouse model for 
studies of hepatocarcinogenesis. Single low 
non-toxic dose levels of DEN induced in infant 
C578L mice a spectrum of well defined 
morphological hepatocellular carcinomas. 
Preliminary data show that a dose of X-rays 
administered 7 days before a single injection 
of DEN was more effective in inducing liver 
nodules than when administered 7 days after 
DEN administration. The experiments are still 
in progress. 

6.3. GENETIC EFFECTS OF IONIZING RADIATION 

6.3.1. Cytogenetic daman- induced in human 
lymphocytes by low doses 'of °"Co gamma rays 
delivered at high and low dose rates 

L. Fabry 

Euratom Contract BI0-D-378-B 

Chromosome aberrations in cultured human 
lymphocytes provide a good in vitro model for 
appreciating the dose-related induction of 
genetic changes in the DNA after exposure to 
ionizing radiation. This system is also used 
for the biological estimation of a dose 
absorbed in vivo in the case of accidental or 
occupational exposure (1 ) , since the frequency 
of aberrations observed in vitro is similar to 
that found in vivo. 

The induction of chromosome aberrations Kas 
been widely investigated after acute exposure 
to radiation, the yield of exchange 
aberrations (dicentrics) being generally 
expressed by a linear-quadratic dose response 
relationship (Y » aD + bDa with a ' 2 ) . 
However, such a dose response curve cannot be 
used satisfactorily to evaluate the risks 
during chronic exposure to radiation, which is 
the most common in vivo situation, since the 
repair processes involved in the production of 
aberrations are dependent on dose rate. 
Moreover, the lack of experimental data in the 
low dose range makes the linear component of 
this equation subject to some uncertainty. 
Another source of potential error ^^ the 
evaluation of radiation-induced chromosomal 
effects in cultured lymphocytes results from 
scoring lymphocyte chromosomes in 48 hour 
cultures, 1n other words a significant 
percentage of second division cells may be 
present as a result of such a culture time. 

In the present study, chromosomal aberrations 
were investigated in human peripheral blood 
lymphocytes after exposure to low doses of 
6DCo gamma rays delivered acutely or at low 

dose rates (0.1 or 0.03 Gy/h). Chromosome 
analysis was performed in cells collected 
after a 44 to 46 hour culture time in order to 
avoid scoring of second division cells, and 
the dose-related induction of aberrations was 
analysed by the maximum likelihood method. In 
a l l cases, the induction of dicentrics was 
well described by a linear-quadratic dose 
response model (Y = aD + bDa, with o = 2) , the 
data obtained at a low dose rate being equally 
well f i t ted to a linear equation. According to 
earlier findings on the mechanisms of 
aberration formation, the two lesions 
originating from single ionizing tracks have 
to be performed within a period of 
approximately 5 hours, in order to interact 
and to give rise to dicentric aberrations, 
which could explain the decrease in the 
quadratic term at the low dose rate since the 
highest doses were delivered over a period of 
more than 5 hours. 

(1) Dolphin, G.W., P.C. Lloyd and R.J. 
Purrott, Health Phys., 25, (1973), 7. 

6.3.2. Dose response relationships for 
radiation induced chromosomeaberrations in 
human lymphocytes in vivo and in vitro 

L. Fabry, M. Lemaire (University of Liège) 

Dose response relationships for radiation 
induced chromosome aberrations have been 
widely investigated in human lymphocytes in 
vitro. This system provides a convenient model 
for the study of the dose-related induction of 
genetic damage, particularly in the range of 
small radiation doses. Nevertheless, the few 
studies performed in man in vivo have analysed 
tne induced chromosome effects only for 
restricted ranges of doses (1 ) , and i t is , 
therefore, diff icult to use the results of in 
vitro experiments to assess the risks in vivo 
accurately. Moreover, chromosome aberrations 
in cultured human lymphocytes may be used as 
biological indicators of an absorbed dose of 
ionizing radiation, particularly after 
accidental overexposure (2). In order to 
estimate an in vivo absorbed dose by the 
analysis of chromosomal damage, i t must be 
proved that the dose response relationship 
obtained in vitro is identical to that found 
in case of in vivo exposure. 

In the present experiments chromosome 
aberrations have been analysed in cultured 
lymphocytes from a patient undergoing 
whole-body treatment with split doses of 
gamma-rays up to a cumulative dose of 1.4 Gy. 
The dependence on dose of tne yield of 
dicentrics was best f itted to the 
linear-quadratic relationship with a I1ne»r 
component predominating in the low dose range 
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(below 0.56 Gy). These observations were 
compared with the data obtained when blood 
samples were exposed in vitro in low acute 
doses of gamma-rays (from 0.05 up to 2.0 Gy). 
The frequencies of induced chromosome 
aberrations were similar in both cases and 
l i t t l e deviation was found between the dose 
response curves (a/b ratio equal to 0.56 a.id 
0.69 Gy, respectively in vivo and in vitro). 
These results confirm that in vitro 
calibration curves can be utilized confidently 
for the biological estimate of an in vivo 
absorbed dose. 

(1) Buckton, K.E., A.O. Langlands, P.G. Smith, 
G.E. Woodcock, P.C. Looby, Int. J . Radiât. 
Biel . , 19, (1971), 369. 

(2) Purrott, R.J., D.C. Lloyd, NRPB-R2, 
Harwell 1972. 

6.3.3. Study of the mutagenic sensitivity and 
the repair process in Werner's syndrome 
lymphocytes 

Gh. Deknudt, C. Verellen-Dumoulin (University 
of Louvain), A. Leonard 

Euratom Contract BI0-D-378-81-D.I. 

In this study, we analysed the cell cycle 
kinetics- radiosensitivity, repair process and 
induction of sister chromatid exchanges in 
lymphocytes from the Werner's syndrome. When 
compared to a normal population, no signifi
cant statistical differences were observed for 
the cell cycle kinetics and the radiosensi
t iv i ty. However, differences exist with 
respect to the repair process, and lymphocytes 
from the Werner's syndrome are much more 
sensitive to the induction of sister chromatid 
exchanges. 

6.3.4. Study of cell kinetics, sister 
chromatid exchanges and radiosensitivity in 
norma! and Turner's syndrome lymphocytes 

Gh. Deknudt, C. Verellen-Dumoulin (University 
of Louvain), I . Kallna (Safarik's University, 
Kosire, Czechoslovakia), A. Léonard, 
R. De Meyer (University of Louvain) 

Irrespective of the genome constitution, large 
interdonor variations in the cell kinetics are 
found. A clear delay in cell cycling is 
observed for all donors following a Go 
exposure to 2 Gy of X-rays. 

No differences in sister chromatid exchange 
frequencies are observed. The average sister 
chromatid exchange values of the Turner's 
syndrome lymphocytes vary between 4.6 and 7.2 
and fall Into the normal background range. 

In contrast to the sister chromatid exchange 
study, the lymphocyte radiosensitivity of a 
mosaic case is found to be much higher than 
that of the real Turner's syndrome patients 
and the normal donors as well. A large 
interdonor radiosensitivity is also seen 
between the members of both groups. 

G.3.5. Studies of the ability of different 
factors to modify the radiosensitivity of the 
early mammalian embryo 

P. Jacquet, S. Grinfeld, L. Baugnet-Mahieu 

Euratom Contract BI0-E-451-81-B 

Studies performed in our laboratory have shown 
evidence of a particular effect of X-rays on 
the BALB/c mouse embryo : when female mice of 
this strain are X-irradiated J_n vivo between 5 
and 12 hours after superovulation, with doses 
of .25 Gy or more, increasing fractions of the 
zygotes become arrested in the G2-phase of the 
f i rs t cell cycle for at least 20 hours. 
Investigations to elucidate this particular Gg 
arrest have been pursued. 

A detailed study of the cell kinetics showed 
that the f i rs t cell division of the blocked 
embryos occured at the same time as the second 
cell division of the untreated ones : this was 
for embryos exposed to 1 Gy as well as to 2 
Gy, the two curves "percentage of cleavage in 
relation to the time after ovulation" having 
the same shape as that obtained for untreated 
embryos cleaving for the second time (2-cell -
4-cell stage). Thus, the dose of X-rays 
administered has no influence on the length of 
the delay, and only affects the proportion of 
blocked embryos, as well as of those able to 
recover partially and to divide. Our previous 
findings suggested that the induced block 
effect resulted from the action of X-rays on a 
radiosensitive cytoplasmic factor, possibly a 
protein, which would be necessary for the 
f i rst division. To test this hypothesis, 
techniques of bidimensional electrophoresis 
were developed, which permitted a fine 
analysis of the proteic pattern in 1 - and 
2-cell embryos. Embryos were incubated with 
("S) methionine, during periods of 3 hours 
for the f i rs t cell cycle, or during the second 
cell cycle (2-cell stage). In the untreated 
embryos, the main finding was the recurrence 
of a protein complex with a molecular weight 
of about 35,000, at 8 hours after superovu
lation, I .e. the time of maximal sensitivity 
for the X-rays Induced block effect. This 
complex remained unchanged up to 17 hours 
after superovulation. Between 17 and 20 hours 
after superovulatlun, three new spots appeared 
1n the same 35 kd region, corresponding to 
polypeptides slightly heavier and more add. 
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The three spots disappeared immediately after 
the first cleavage. 

Irradiated embryos which had been given a dose 
of X-rays sufficient for them all to become 
blocked (2.5 Gy) showed the same proteic 
pattern as control embryos, until 17 hours 
after superovulation. However, the three 
polypeptides characteristic of the mitosis 
were not synthesized by those embryos. 
Thereafter, blocked embryos acquired the 
typical proteic pattern of 2-cell embryos, 
despite the absence of cell division. 

Studies are actually continuing to 
characterize further the mitotic proteins 
which are defective in blocked embryos, and to 
determine if their absence is the cause or 
only the consequence of the one-cell block. 

6.4. TOXICITY OF RADIONUCLIDES 

6.4.1. Toxicity of technetium in plants 

F. Capot, S. Bonotto, D. van der Ben 
(Bruxelles) 

The toxicity of technetium-99 was studied in 
Acetabularia, which is a giant unicellular 
plant. Vegetative cells (stage 4) were 
supplied with increasing concentrations (0, 
0.1, 1, 10, 50 and 100 ug ml-1) of 99Tc, added 
as ammonium pertechnetate, and cap formation 
was recorded in relation to time. The highest 
99Tc concentrations (50 and 100 ug ml"1) 
provoked severe cytolysis. Cell growth and 
regeneration of nucleated basal fragments were 
also inhibited by relatively high 99Tc 
concentrations (> 20 ug ml"*). Morphological 
anomalies were observed in technetium-treated 
cells. Preliminary experiments suggest that 
the inhibition is reversible. 

6.4.2. Decorporative treatments after 
Injection of mice with alpha-emitting bone 
seekers. Do they reduce radiation risks ? 

G. Schoeters, R. Van den Heuvel, 
0. Vanderborght 

Euratom Contract B-16-0094-B 

The alkaline earth element z26Ra and the 
actinide 2 *Am when introduced in mammals 
Increase risks of shortening the life-span and 
the v 'urence of bone tumors, and probably 
also for 11 ver- and myeloid tumors. Alginate 
therapy can effectively reduce the skeletal 
burden of Ra, Sr or 8a. After contamination 
with Pu or with Am, DTPA 1s efficient 1n 
increasing the removal rate of these elements. 
We evaluated the health effects of these 
treatments. 

Results of two long-term large-scale expe
riments, in which a total of 1410 male C57B1 
mice were included, revealed that delayed 
alginate therapy in Z2°Ra injected mice had no 
beneficial effects, while z ^ A m injected mice 
treated with Zn-DTPA were effectively 
protected against decreases in life span. 

In the 2Z6Ra experiment mice have been 
injected with one of three different amounts 
of the bone-volume seeker "°Ra (4.4, 10.7 or 
24.8 kBq). Four days later, half the mice were 
treated for their remaining life-span with 
Na-alginate which was incorporated in their 
diet. 

In the second experiment, mice have been 
injected with one of five different amounts of 
the bone-surface seeker 2 xAm (0.5, 1.5, 4.7, 
10 and 33 kBq). Four days later, half the mice 
injected with 1.5 and with 10 kBq received 
weekly Zn-OTPA injections during 8 successive 
weeks. Control groups which did not receive 
radionuclides were included in both expe
riments. 

Radiochemical Z26Ra and ^ A m measurements 
showed that the treatments effectively reduced 
the skeletal radionuclide content. At some 
dose levels treated animals have only 50% of 
the radionuclide content in their vertebra 
compared with non-treated mice. Despite the 
effectiveness of both decorporative 
treatments to reduce the skeletal burden, 
beneficial effects for health were only 
manifest after treatment with Zn-DTPA. Why 
Na-alginate failed in improving the health of 
2 2 6Ra contaminated mice is further 
investigated. 

6.4.3. Effects of age of mice and age of 
radionuclides, on the mobilisation of a8Sr 
from the skeleton by alginate 

O.L.J. Vanderborght, S. Van Puymbroeck 

Alginate treatments IncreaseO the Sr, Ba and 
Ra removal after radlocontaminatlon with these 
elements without Impairing the Ca balances. 
Alginate is non-toxic, readily available on a 
large scale and routinely used in the food 
Industry. 

A first series if experiments aimed at 
removing the 85Sr which was IP injected in 
mice of 1, 2, 3, 8 and 16 weeks old. The 
decorporating treatment (alginate dough as 
compared to agar-dough) was in each case 
started 53 days after the radlocontaminatlon 
tc allow an even distribution of the Sr in the 
animals. The mobilisation of Sr was effec
tively observed 1n blood (50% increase) and in 
faeces (100% increase) ; but was independent 
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of the age at tiie time of radiocontamination. 

A second series of experiments tested the 
effects on ageing of the °*Sr contamination in 
adult mice, on its mobilisation by alginate 
diet. Decorporating treatments were started at 
2, 3, 4, 5, 6, 7, 10, 11, 12, 18, 19, 20 days, 
1.5 , 2 and 10 months after the radiocontami-
nation. The *"Sr mobilisation was relatively 
more efficient when the contamination lasted 
for 10 days or longer. This unexpected finding 
was confirmed by the Sr blood levels that 
decreased in the early beginning treatments, 
notwithstanding the increase in 8 5Sr in the 
faeces. 

6.4.4. Toxicity of technetium in rats 

J. Vanfcerkom, M. Hegela, C. Vandecasteele, 
G. Gerber, R. Kircnmann 

Euratom Contract B16-0040-B 

Little information exists on toxicity of 
technetium to mammals althcjgh this represents 
a critical link in the assessment of the 
consequences of technetium release. 
Accumulation of technetium is parti:ular1y 
high in thyroid which may therefore «present 
a target for it. Since technetium might 
interfere with iodine metabolism, Its oxicity 
could depend on dietary iodine. The developing 
organism may be another system particularly 
sensitive to the action of technetium. These 
aspects were studied in rats given large 
amounts of technetium-99 in the diet (up to 50 
ug/g food) from the beginning of pregnancy. 
Technetium feeding of the mothers was 
continued for the following pregnancies, and 
the new born were maintained on Tc food after 
weaning from their contaminated mothers. One 
group of rats was fed a normal, others an 
iodine deficient diet (60 and 80 ug iodine/kg 
food). The parameters determined were 
occurence of pregnancy, implantation sites and 
Utter size, thyroid hormones (T3, T4 and TSH) 
1n serum, uptake of 1-131 by the thyroid 24 
hours after injection, histology of the 
thyroid and concentration of technetium in 
tissues of the mothers and their descendants. 
Selected data on toxicity of Tc In rats on a 
normal diet already published, demonstrated 
that levels of 10 ug/g fooo jr more are needed 
to cause damage. This low toxicity of Tc has 
now been confirmed for the various parameters 
studied. It has now also been found that very 
large Tc doses are needed to enhance the 
deleterious effects of an iodine-deficient 
diet and that at levels of Iodine close to 
minimal requirements, Tc is not much more 
toxic than at high levels of iodine. The 
amounts of Tc needed to cause damage to the 
thyroid are of the same order of magnitude as 

those expected to damage the thyroid via the 
beta radiation emitted. Technetium-99, 
therefore, does not appear to possess marked 
chemical toxicity in mammals, and its radio
logical toxicity is low. Consequently, it is 
unlikely that contamination in the environment 
would ever reach a level which could lead to 
serious consequences in man. 

In order to study the toxic effects of techne
tium on the embryos, pregnant female rats have 
been fed with a Tc contaminated diet The 
effect on litter size and embryo development 
was investigated. Thin slices were prepared to 
perform autoradiographies and analyse the 
distribution of Tc in the foetus. 

6.4.5. Behaviour of tritium in mammals 

M. Van Hees, J. Vankerkom, C. Vandecasteele, 
G. Gerber, R. Kirchmann 

Euratom Contract B16-0040-B 

One sow was given organically bound tritium 
(0BT) at a dose of 15.6 nCi/g for 84 days 
before delivery and for 42 days during 
lactation. The food consisted of a mixture of 
0BT contained in dried algae, potatoes and 
milk. In order to learn how much activity was 
transferred jn utero or during suckling and 
how this activity was retained subsequently, 
three non-contaminated piglets from a control 
sow were transferred to the radioactive sow 3 
days after delivery. Two contaminated piglets 
were placed with the non-radioactive sow and 3 
contaminated piglets were left with the 
contaminated sow. Shortly after birth, at 
weaning, 24 days after birth and some time 
after terminating radioactive feeding, the 
piglets were sacrificed, and 0BT and tritium 
oxide activity were determined in different 
tissues. Measurements were also taken in urine 
and faeces At birth, 0BT activity was about 
the same order of magnitude as that of the 
food given, that of tritium oxide was about 5 
times lower. 08T activity was highest in blood 
and lower than average in bone, skin, muscle 
and brain. Activity in brain is lost with a 
half life of about 20 days. Relatively long 
half lives were also observed in muscle, bone 
and erythrocytes. During suckling, activity of 
tritium oxide increased slightly, then fell 
with a half life of 5 days after OBT feeding 
was terminated. OBT activity at weaning did 
not differ much from that attained at birth 
even in those animals which had received 
tritium only during lactation. After 
lactation, the fall In activity was most 
marked in urine and intestine and low 1n 
brain, muscle and bone. Erythrocytes which 
initially retained the activity well lost 1t 
finally as their life span came to an end. If 
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changes ir. weight are considered, parenchymal 
organs such as kidney, liver lose activity 
in i t ia l ly at a half l i f e of about 10 days and 
later much more slowly corresponding to a half 
l i fe of about 40 days. Muscle and skin seem to 
retain as much as 60-80Ï of their original 
activity up to an age of 145 days. 

6.5. RADIOACTIVE CONTAMINATION OF THE 
ENVIRONMENT 

6.5.1 . Behaviour of technetium and other 
radionuclides in the marine environment 

S. Bonotto, F. Capot, R. Kirchmann, 
C. Hurtgen, G. Koch, J . Colard, 0. van der Ben 
(Bruxelles), B. Mania (Bruxelles), Z. Moureau 
(Bruxelles), M. Cogneau (Louvain-la-Neuve), 
L. Pignolet (Louvain-la-Neuve), J.M. Bcuqueg-
neau (Liège) 

Euratom Contract B16-0049-B 
BTK Project 20516 

Field and laboratory studies were continued in 
collaboration with four Belgian laboratories. 
The investigations concerned the main 
constituents of the marine ecosystem of the 
Belgian coast : sediments, microbial forms 
(bacteria, microalgae and protozoa), algae, 
molluscs and fish. Various procedures were 
used for studying distribution of technetium 
in living organisms : cell fractionation, 
puncturing technique, dissection, enzymatic 
lysis and autoradiography. In addition, four 
other procedures (selective extraction, column 
chromatograohy, thin layer chromatography and 
polyacrylamide gel electrophoresis followed by 
autoradiography) were used to study the 
chemical forms of technetium fixed by the 
organisms. The results show that technetium is 
taken up and metabolized by marine organisms. 
In brown algae, concentration factors for "Tc 
of up to 50,000 were found. Analyses were also 
made to detect radionuclides in marine algae 
originating from the Chernobyl accident. 

6.5.2. Behaviour of tritium in the aquatic 
ecosystems 

R. Kirchmann, S. Bonotto, E. Fagniart, M. 
Meurlce-Bourdon (Liege), J. Binet (Bruxelles), 
G. Arapls (Fcntenay-aux-Roses). Y. Belot 
(Fontenay-aux-Roses) 

Euratom Contract B16-0040-B 

Studies on tritium incorporatioi into organic 
compounds (0BT) were done on a unicellular 
alga (Acetabulars) and on blue-green 
bacteria, which were supplied with tn t ia ted 
water (HTO) or tritium gas (HT). The results 
show that : 1) In Acetabular^, HTO/OBT 

conversion, which is optimal under light 
conditions, may occur even in darkness, but at 
a lower rate (20-302 of that found in the 
light) ; 2) In blue-green bacteria, and at a 
lower rate in Acetabular ia , HT is oxidized 
into HTO, which diffuses into the external 
medium. 

Besides these topics, the mechanism of OBT 
formation in the primary loop of a PWR reactor 
is under investigation. 

6.5.3. Radiological survei 11 at.ee around 
nuclear power plants 

E. Van Gelder-Bonnijns, R. Kirchmann 

Contract with the Ministry of Public Health 

As planned, the sampling of plants, animals 
and sediments was carried out in several 
pUces around nuclear power plants. Gamma 
spectrometry and radiochemical analyses were 
made in accordance with the planning. 
Following the Chernobyl accident of April 
1986, i t is expected to find an increased 
level of radioactivity in some samples. 

6.5.4. Tritium in the soil-plant environment 

E. Fagniart, C. Vandecasteele, G. Gerber, 
R. Kirchmann 

Euratom Contract B16-0040-B 

The samples collected in 1985 after exposure 
of several plant species to HTO and HT under 
controlled conditions have been analysed. The 
results confirmed the preliminary observations 
published in the previous report and were 
presented in February to a symposium on 
"Environmental and Human Risks of Tritium" 
held in Karlsruhe. They suggested that after 
exposure to HT, the process of OBT formation 
can last much longer than that observed after 
HTO exposure (most OBT was formed during the 
init ial 24 hours of exposure). The relative 
role of roots and aerial parts in t r . uptake 
of tritium needs more study. Nevertheless, i t 
now appears possible to develop further 
predictive models for the long-term conse
quences of an accident Involving tritium and 
this topic will be further developed during 
the planned experiment with a f ie ld release of 
tritium (September-October 1986). 

Another experiment was performed in June in 
collaboration with scientists from the CEA-
Fontenay-aux-noses in order to study the 
uptake of HT by bare soil and grass, 1n real 
field conditions. 

6.5.5. Transfer from soil to plant of various 

http://at.ee
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radionuclides under natural conditions 

E. Fagniart, C. Vandecasteele, R. Kirchmann 

For the fifth consecutive year, maize and 
potatoes were sown or planted in plots 
contaminated in 1982 with 1 3 4Cs, 6 0Co and 
"Tc. The plants will be harvested at mating 
and analysed for their radioisotope content. 
Particular attention will now be paid to the 
acc-'iental contamination by the Chernobyl 
fall-out : in this framework we will try to 
distinguish between the behaviour of the n 4 C s 
brought artificially to the soils as CsCl and 
the behaviour of the radiocaesiums (ur<nown 
chemical form) from Chernobyl ; the presence 
of 13'Cs f r o n fall.out resulting from weapon 
tests will also be checked. 

6.5.6. Comparative study of the continental 
waters of the Meuse and Rhône basins 

C. Vandecasteele, R. Kirchmann, E. Bonnijns-
Van Gelder 

Euratom Contract B16-0040-B 

The radiological study of two major European 
river basins, the Meuse in Belgium and the 
Rhône in France, was continued in the 
framework of collaboration between the CEN/SCK 
and the CEN-CEA (Cadarache), supported by a 
CEC contract. Several laboratories from the 
University of Liège, U.C.L., FNDP Namur, IHE 
and SEMO (Tihange) contribute to the Belgian 
part of this research, mainly devoted to the 
study of the radioecology of the Meuse basin. 

The collection of data regarding the mass and 
radiocontamination transfers between the 
various compartments of the river system was 
carried out and the data were introduced in 
the data bank. Using these data, the 
distribution of radiocaesium br'xeen water, 
suspended matter and sediments were modelled 
according to a deterministic one-dimensional 
non-stationary model which formulates in a 
simple way the conservation of water sediments 
and radionuclides. This model has been used to 
realize a non-stationary simulation of the 
year 1975 during which the Nuclear Power Plant 
SENA (Chooz) released a significant amount of 
13 Cs and for which data were available from 
routine survey. 

The predictions of the model run with 
parameters specific to the Meuse match the 
measurements very well. It was shown that the 
transport of caesium by the sediments is more 
important than the transport by water (55X and 
45% respectively) especially during high flows 
when the sediment concentrations are high. It 
was also pointed out that the suspended 

sediment concentrations vary around 20 g/m3, 
except during flood events. Sedimentation 
cannot take place during high flows, and 
accumulation rate of bottom sediments is 
rather constant during low flow periods. 
However, the deposited sediments can be 
resuspended and completely wash out, during 
flood events like in December 1975. 

6.5.7. Food chain transfer of the radio
nuclides from the Chernobyl accident 

C. Vandecasteele, E. Fagniart, J. Vankerkom, 
R. Kirchmann 

Besides the research on the transfer of 
radiocontamination from the Chernobyl fall-out 
in the framework of already existing program
mes, a lot of measurements have been made 
using the experimental farm facilities, in 
order to study the impact of this nuclear 
accident on the contamination of food-stuff. 
Grass and soil samples were collected in 
pastures to study the evolution of the source 
term for grazing animals and the migration of 
the activity in soil. Milk samples from cows 
and sheep as well as sheep meat were also 
taken. 

Iodine contamination of grass and milk from 
cows and sheep show a parallel evolution 
(figure 6.5.7.). The effective half-life has 
been estimated at about 4.5 days. The levels 
measured in sheep milk are about ten times 
higher than the contamination of milk from 
cows. 
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Figure 6.5.7. 
Evolution of the ̂ lj contamination level on 
grass anH ilk from cows and sheep. 

6.6. NON-RADIOACTIVE CONTAMINATION OF THE 
ENVIRONMENT 
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6.6.1. Physico-chemistry of "acid-sensitive" 
surface waters 

J. Vangenechten, H. Hitters, S. Van Puymbroeck 
F. Veroustraete, 0. Vanderborght 

Some surface waters in Belgium are known to be 
vulnerable to industrial acidification. This 
summary describes a detailed study of these 
waters especially with regard to the impact of 
acidic deposition on their chemical 
composition. 

A physico-chemical monitoring programme on 
selected water quality data (Na, K, Ca, Mg, 
NH4, AI, CI, S04, C03, HC03, N02, N03, pH, 
conductivity) was carried out in Belgian 
oligotrophic lakes. 

The measured chemical composition of the 
boglakes revealed extreme acid conditions with 
pH values as low as 3.0 (average : 3.8) and 
sulphate concentrations averaging 0.8 meq./l. 
Base cation concentrations (Ca + Mg) amounts 
to 0.50 meq./l. Aluminium concentrations reach 
extremely high values up to about 8 mg/1 with 
an average of 0.81 mg/1. The concentrations of 
N02 (0.001 meq./l), N03 (0.014 meq./l) and NH4 
(0.11 meq./l) appear to be fairly low. 

A comparison between Belgian acid lakes and 
add lakes in Scandinavian or North American 
regions shows a ten times higher acidity in 
our lakes despite a significantly higher base 
cation content. Therefore the Belgian lakes 
seem to Illustrate a more advanced state of 
aquatic acidification. An estimation of the 
acidification process (Henrlksen-model) showed 
an average degree of acidification of 0.53 + 
0.26 meq./i (S.D. with N * 397). 

Measurements of air (S02, NOx and NH3) and 
rainwater quai. y were made in the vicinity of 
the lakes, S02 concentrations averaged 
6.3 ug/Nm3 (24 hour value) whereas total NH3 
averaged 16 ug/Nm3. The NOx concentrations 
appeared to be low approaching background 
levels. Gaseous NH3 measurements using 
denuders usually revealed low (< 10 ug/m3) 
values except when Intensive fertilization 
(manure) of arable land was going on in the 
neighbourhood. This practice increased the NH3 
concentration tenfold. 

6.6.2. Effects of acid water on freshwater 
organisms 

H. Witters, J. vangenechten, S. Van Puymbroeck 
0. Vanderborght 

In this study, the mechanisms of ion 
disturbance during acid and during combined 

acid and aluminium stress are studied in acid 
sensitive (rainbow trout) and more icid 
resistant (catfish) fish and in acid resistant 
invertebrates (waterbugs). 

The effect of an acid pH combined with 
elevated aluminium concentrations on the Na 
and CI fluxes (influx and efflux) was studied 
in acid resistant waterbugs. A description of 
the total animal flux-balance was made, making 
further use of the data for water balance and 
ion transfer between body compartments. The 
differences in ion permeability of the outer 
body wall in insects and fish are believed to 
explain the differences in sensitivity to acid 
stress. 

Measurements of the blood electrolyte concen
trations in rainbow trout during conditions of 
acid and acid + Al stress were carried out 
together with measurements of branchial and 
renal ion fluxes. During short-term (3.5 
hours) as well as during chronic (17 days) 
exposure to acid stress, a significant 
disturbance of plasma electrolyte content was 
observed. Furthermore, seasonal differences 
were observed in ion-flux sensitivity to acid 
stress. An impr o vested effect of Ca on ion 
fluxes in acid stress experiments, as is often 
described in literature, was not noticed when 
combined acid and aluminium stress was 
involved. During chronic exposure to combined 
acid + AI stress (3 days), a drastic Increase 
in erythrocytes and in haemoglobin content was 
noticed. This dramatic disturbance vf the 
normal haematology nay illustrate V<~ key 
factor explaining the high mortality observed 
in the fish under these conditions. 

Preliminary recovery experiments revealed that 
combined acid and Al exposed fish, as opposed 
to add exposed fish, were able to restore 
their blood electrolyte content (at least 
those individuals who survived the severe 
stress) to values measured in control fish. 
High levels of Ca in the water did not 
influence the recovery process. 

During a field survey it was observed that 
Individuals of the spedes Ictalurus nebulosus 
(brown bullhead) lived in one of the Belgian 
boglakes which is characterized by an add pH 
(pH * 4.1) and a high Al concentration of 
0.7 mg/1. Preliminary experiments kn the 
ion-regulatory behaviour of these fishes 1n 
acid water were carried out. 

Measurements on blood electrolyte concentra
tions, on ion fluxes (Na, CI and Ca) and on 
acid-base balance were made in acid-stressed 
(pH 4.0) channel catfish Ictalurus punctatus. 
Although ionic and acid-base balance distur
bances were measured after a 4 day treatment 
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with pH 4.0 in diluted tapwater, the observed 
changes seemed to be quantitatively less 
important than in trout. Furthermore, measure
ments were made on branchial paracellular 
manni tol -loss in order to test the hypothesis 
of the proposed opening of tight junctions 
during conditions of acid stress. 

6.6.3. Metabolism of transuranic elements in 
freshwater crustaceans 

J. Bierkens, J. Vangenechten, 0. Vanderborght 

The metabolism of transuranic elements is 
still one of the persistent problems in 
radioecotoxicology. A comparison of the 
physiological behaviour of these man-made 
radionuclides with that of major elements 
might contribute to integrate transuranics 
into a larger concept of metal ion metabolism, 
to predict their fate in foodchains, and their 
potential harm to man. Crustaceans provide a 
rather simple metabolism model in which metals 
of different metal class characteristics, such 
as Ca and Cu, are involved. Injection of 
americium-241, both into the stomach and into 
the heart of the crayfish Astacus leptodac-
tylus, permits a comparison of its physiology 
at different stages of the elimination and/or 
incorporation processes in the organism. 

The importance of the digestive gland or 
hepatopancreas in the accumulation or detoxifi
cation of metals in crustaceans is recognized 
by physiologists. As the major site of haemo-
cyanin synthesis, the hepatopancreas also 
regulates the Cu metabolism. In general 
probably two mechanisms are involved in the 
accumulation of metal ions in the hepato
pancreas. Incorporation of metals in amorphous 
subcellular pyrophosphate granules, and the 
binding on cytoplasmatlc metallothionin-like 
proteins. Whereas Cu is generally bound to 
these proteins, Am is mostly associated with 
the non-mitochondrial mineral fraction. The 
underlying mechanism however remains obscure 
and a comparison of the subcellular distribu
tion of different metals in the hepatopancreas 
of intragastrical anc intracardial injected 
organisms might provire preliminary informa
tion on these metabolic pathways. 

Metals are cleared from the haemolymph at a 
rate which can be considered as the sum of two 
exponentials. The initial loss rate reflects 
the ligand binding of the metal in the haemo
lymph, whereas the long term loss rate Is due 
to excretion through gills and/or antennal 
glands. Consequently a comparison of the 
parameters describing the blood clearance 
gives information on the affinities of these 
metals for the ligands in the haemolymph. 

6.7. BIOTECHNOLOGY 

6.7.1. Genetics of the soil bacterium 
Alcaligenes eutrophus CH34 

6.7.1.1. Genetic map of Alcali genes eutrophus 
CH34 

A. Sadouk, M. Mergeay 

Alcaligenes eutrophus fH34 is a facultative 
chemolithotrophic bacterium which has two 
plasmids : pM0L30 (238 kb) controlling resis
tance to Zn**, Cd**, Co**B and Hg** (Tn4380) 
ions and pH0L28 (165 kb) with resistance to 
Ni**, Co**A and Hg** (Tn4378) (1). 

The plasmids are self-transmissible in homo
logous matings, but at low frequencies (10 
to 10"8 per donor) (2) and cannot mobilize 
chromosomal markers. The tool used to con
struct the genetic maps is the plasmid pULB113 
(RP4::Hu3A). This plasmid can insert itself at 
any point on the chromosome and mobilize the 
genes to other receptor strains at a frequency 
between 10"4 to 10"5. 

The distance between two genes is estimated by 
the frequency of their cotransfer in a mating 
experiment. Various mutants found by tempe
rature-induced mutagenesis exhibit increased 
sensitivity to Cd , Zn** and Co**A. These 
mutants contained pM0l50 (210 kb) a derivative 
of pN0L28 (165 kb) an insertion of 45 kb (3) 
pH0L50 transfers itself at a frequency of 
10 -10~3 per donor cell and was found to be 
an efficient mobilizer of the chromosome. This 
helped to establish a circular genetic map. 
Frequencies of cotransfer are also much higher 
with pM0L50 than with pULB113 (Figure 
6.7.1.1.). 

Transposons Tn4378 (9,3 kb) and Tn4380 
(9,0 kb) control resistance to Hg** in pM0L28 
and pH0L30. They promote the mobilization of 
the chromosome at a frequency 10 - 10 
which RP4 alone is unable to do (Table 
6.7.1.1.). 

(1) Mergeay, M., Nies, 0., Schlegel, H.G., 
Gerits, J., Charles, P., Van Gijsgem, F. 
(1983) Alea11genes eutrophus CH34, a 
facultative chemolithotroph displaying 
plasmld-bound resistance to heavy metals. 

(2) Mergeay, M., Faelen, M., Gerits, J. (1984) 
IncPl plasmids stimulate the transfer of 
large plasmids controlling multiple 
resistance to heavy metals in AI call genes 
eutrophus. 

(3) Mergeay, M., Gerits, J., Faelen, M., 
Schlegel, H.G., Van Gljsegen, F. (1984) 
Mutagenesis Induced by temperature 1n 
Alcallqenes eutrophus CH34. 



TABLE 6 . 7 . 1 . 1 . 

MATIN6S 

AE229 x AE431 

AE229 x AE243 

AE229 x AE406 

AE229 x AE408 

AE229 x AE412 

TRANSFER 

MEDIATED 

BY 

pM0L50 

PÜLB113 

RP4::Tn4378 

RP4::Tn4380 

RP4 

SELECTIOH 

(a) 

phe (h is t rp ) 

phe (met t rp ) 

phe (met t rp ) 

phe (met t rp ) 

phe (met t rp ) 

TRANS

CONJUGANTS 

(n/ml) 

40 

1700 

156 

373 

0 

PLASMID 

TRANSFER 

(n/ml) 

2,5 . 105 

1,1 . 108 

7,5 . 108 

7,9 . 108 

4 . 108 

MOBILIZATION 

FREQUENCY 

(b) 

1,6 . 10"4 

1.5 . 10"5 

2 . 10"7 

4 ,7 . 10"7 

< 6 ,2 . 10" 9 

a - contraselected markers of the donor 

b - transconjugants / plasmlds t ransfer red 



Figure 6.7.1.1. 
Genetic map of AT call genes eutrophus CH34. 
- Inner circle map mediated by p(JLS113 (RP4 :: mlnlMu) 
- outer circle map mediated by pM0L50 
- underlined mutations : mutations obtained after exposure at 37°C 
- linkage Is expressed as percentage of cotransfer. 

6.7.1.2. High level spontaneous mutagenesis 
revealed by survival at non-optimal tempera
ture in AT call genes eutrophus 

M. Mergeay, A. Sadouk, L. Oiels, M. Faelen 
(Rhode-St.-Genèse) 

Alcaligenes eutrophr; CH34, a facultative 
chemolithotroph harbouring plasmlds pM0L28 and 
pM0L30 (resistance to heavy metals) grows 
optimally at 30°C (1). Exposure at 37°C of 
cultures grown at 30°C has enabled us to find 

plasmid mutants sensitive to heavy metals (2). 
In fact, such mutants were found as survivors 
t 37°C. Cultures of A^ eutrophus CH34 grown 

at 30°C and plated at 37°C gave rise to 10"5 

survivors, if compared with viable counts 
plated at 30°C. Up to 80% of survivors, twice 
purified at 30°C, exhibited recognizable 
mutations regularly belonging to the following 
phenotypes : auxotrophy for lysine (Lys") (the 
most frequently encountered phenotype), 
auxotrophy for threonine (Thr") often accom
panied by a poor growth on rich medium, 



inability to grow autotrophically (Aut~), 
inability to use nitrate (Nit"), inability to 
use NH^" as a nitrogen source (Aran"), inabi
lity to use tyrosine as a carbon source with 
the accumulation of an intermediate catabolite 
leading to excretion of a dark-red pigment 
(Tyu) (3), and mutants sensitive to cadmium, 
zinc and cobalt (Ccz~). These mutants were 
always found to have lost pM0L3O and to have 
gained an insertion of 45 kb in pM0L28. It 
should be emphasized that Lys" or Thr" 
auxotrophs were never found in successive 
cycles of auxotroph enrichments by ampicillin 
performed at 30°C : these phenotypes were thus 
exclusively recovered among survivors at 37°C. 
Growth of Thr" auxotrophs is strongly in
hibited by addition of casaminoacids, iso-
leucine, leucine, valine or methionine. 

Some of these mutations were mapped by 
conjugative transfer mediated by plasmid 
pULB113 (RP4:miniMu) (4) : lys, aut, thr and 
nit mutations were found unlinked or poorly 
linked on the genetic map of A^ eutrophus 
CH34. 

A remarkable feature is that some of these 
phenotypes were frequently encountered in the 
same survivor e.g. Aut", Lys" and Ccz" in 
strain AE133 or Lys", Nit" and Thr" in strain 
AE499. Multiple clones were sometimes found 
exhibiting the same combination of mutations 
from cultures grown at 30°C and exposed at 
37°C. This would suggest that the clones 
bearing these mutations were pre-existing and 
multiplying in some way in the culture before 
their selection at 37°C. 

Most (but not all) of the mutants revealed by 
temperature, proved to remain sensitive to 
temperature. They exhibited the same mortality 
and capacity for further mutagenesis as the 
wild type. Survival at 37°C is thus transient 
and helps the expression of highly targeted 
spontane' is mutations. 

A possible approach to deciphering the mecha
nisms of temperature-revealed mutagenesis 1s 
to take advantage of the 45-kb insertion found 
in plasmid pM0L28 as a probe, and to hybridize 
this probe with the chromosome of the 
different cKsses of mutations 1n order to 
seek look for a possible role of chromosome 
rearrangements 1n this phenomenon. 

(1) M. Mergeay, D. Nies, H.6. Schlegel, 
J. Gerits, P. Charles, F. Van Gijsegem 
(1985) J. Bacterid., 162, 328-334. 

(2) M. Mergeay, C. Houba, 1. Gerits (1978) 
Arch. Int. Physiol. Biochim., 86, 440-442. 

(3) S. Mann (1969) Arch. Mikrobiol., 65, 
359-379. 

(4) M. Lejeune, M. Mergeay, F. Van Gijsegem, 

M. Fae'en, J. Gerits, A. Toussaint (1983) 
J. Bacteriol., 155, 1015-1026. 

6.7.1.3. Structure of the plasmids governing 
resistance to heavy metals in Alcaligenes 
eutrophus CH34 

L. Diels, M. Mergeay 

Hybridization of probes (CdR, CoR, ZnR = aE8 
fragment or HgR = Tn4380 fragments) with 
digest of various restriction endonucleases 
allowed the construction of physical maps of 
plasmids pM0L28 and pM0L3O. The Cd, Co and Zn 
resistant fragment was identified on an EcoRI 
fragment (aE8) of 9,1 kb on the Hindlll 
fragments aHl and aH20 of 30 and 3 kb respec
tively and on BamHI fragments aB3 and aB7 of 
14 and 9 kb respectively. In addition the two 
mercury transposons Tn4378 and Tn4380 were 
mapped on pM0L28 and pM0L30 respectively and 
compared with each other. An internal EcoRI 
fragment seemed to be the same and the mer RTP 
and mer A genes also have strong homology. 
Only the fragment which is believed to 
determine the transposons seems to be 
different in both transposons. Two other 
resistances were also identified : a locus 
governing resistance to copper was identified 
on pMOL30 and a locus governing resistance to 
zinc was found by mutation in pM0L28, probably 
by reactivation of a dormant gene. 

6.7.2. Applications of resistance to heavy 
metals 

6.7.2.1. A biosensor for detection of heavy 
metals 

S. Taghavi, M. Mergeay, R. Leysen 

Contract with Flemish Executives 

A biosensor comprises a biological material 
immobilised (or free) in intimate contact with 
a suitable transducer system which converts 
the biochemical signal Into a quantifiable and 
processable electrical signal. Our aim is to 
develop a biosensor for heavy metals. Our 
biological material is the bacteria Alcali-
qenes eutroohus CH34 strain. CH34 is resistant 
to certain heavy metals due to the plasmids 
pM0L28 and pM0L30. The derivative AE104 1s 
plasmld-free and, therefore, sensitive to 
heavy metals. Our transducer system is electro
chemical (Clarke-electrode), it measures the 
difference 1n oxygen consumption between the 
two strains, in the presence of heavy metals. 
At this stage in our experimental work we have 
obtained a significant response to the toxic 
effect of cadmium (Cd++) between the two 
strains after 10 minutes. 
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6.7.2.2. Cadmium uptake by the Alcaligenes 
eutrophus strain CH34 and derivatives 

L. Diels, L. Régnier, M. Mergeay 

The Alcaligenes eutrophus strain CH34 (1) 
contains two plasaids pM0L28 (163 kb) and 
pH0L30 (238 kb) governing resistance to Ni**. 
Hg**, Co** and Cd*\ Co**, Hg**, Zn** 
respectively. The derivatives used in this 
study were AE104 (plasnid free), AE126 (with 
only DM0L28) and AE128 (with only pH0L30). 
Previously, sane evidence was obtained for 
sequestration of cadmium fro» the medium 
induced by the bacteria. 

In order to understand this cadmium sequestra
tion better, the method of Mowll and Gadd (2) 
was used which allows use of isotopes and 
minimizes the manipulation of bacteria. This 
method makes use of a silicone dionylphatale 
layer to allow an immediate separation o* 
cells from culture medium. The strains are 
grown in minimal medium with 0,2% gluconate. 
Cd accumulation was measured in relation to 
time (during bacterial cultivation) and Cd 
concentration. Most of the Cd was accumulated 
during the stationary phase of bacterial 
growth. At suitable concentrations to both 
sensitive and resistant strains, the sensitive 
strains seem to accumulate more than the 
resistant strains. At concentrations suitable 
only for resistant strains, CH34 accumulates 
more Cd than AE128. The maximal Cd accumu
lation is about 135 ug Cd per mg DCW (Dry Cell 
Weight). By increasing the gluconate concen
tration from 0.2X to 0.3X the maximal Cd 
accumulation reached about 160 ug Cd per mg 
DCW. The sequestration mechanism can be 
induced by precultivatlng the cells in the 
presence of 0.1 mM Cd. Bacterial growth and Cd 
accumulation were faster with precultures of 
0.1 or 1.0 mM Cd. 

In order to measure the specificity of the 
strains for Cd binding, the four strains were 
cultivated without Cd and after five days, 3 
mM of Cd was added to the solution. This 
concentration is toxic for every strain. 
Although unable to grow further, all the 
bacterial suspensions accumulated oetween 130 
and 150 Mg Cd per mg DCW in a few hours. So 
even the sensitive strains could accumulate as 
much Cd as the resistant strains. This 
suggests a piasmid-independent binding of Cd** 
by the bacteria. This binding seems to be 
dependent upon the Cd concentration in the 
culture medium. 

Replacement of gluconate by lactate as carbon 
source led to a slightly higher accumulation 
but also to the formation of an abundant 
extracellular product easily separable from 

both cells and culture medium. In this way 
both CH34 and AE128 could eliminate 95X of Cd 
in the presence of 0.5 X of lactate. 

In conclusion, there are at least three 
phenomena (1) a plasnid controlled Cd 
resistant system ; (2) a plasnid independant 
Cd binding system ; and (3) the production of 
an extracellular Cd binding product. The study 
of the nature and composition of this product 
and the determination of genetic loci-involved 
in the control of this production are in 
progress. 

(1) Mergeay, M., Houba, C , Gerits, J. (1978) 
Arch. Int. Physiol. Biochim., 86, 440. 

(2) Mowll, J.L., Gadd, G.N. (1984) J. Gen. 
Microbiol., 130, 279. 

6.7.3. Genetic tools for bacteria of economic 
interest 

6.7.3.1. Mapping of the chromosomal virulence 
region on the linkage map of Aqrobacterium 
tumefaciens 

F. Waelkens (University of Leuven), K. 
Verdickt (University of Leuven), L. Vanduffel 
(Amoco, Geel), J. Vanderleyden, A. Van Gool 
(University of Leuven), M. Mergeay 

The IncP type plasmid pULB113 (RP4::mini-Mu) 
and pJB3JI were used for chromosome mobili
zation and R prime formation in Aqrobacterium 
tumefaciens. With pULB113, R primes were 
selected for complementation of an auxotrophic 
marker in an AI callgenes eutrophus recipient 
strain. With pJB3JI, R primes containing the 
Aqrobacterium chromosomal virulence region 
chy, inactivated by a Tn5 insertion (carrying 
resistance to kan2myc1n)~were constructed by 
mating A^ tumefaciens chv :: Tn5 with E^ coli 
strain GV1000 and selecting ?or kanamycin 
resistant transconjugants. Complementation 
tests were performed in auxotrophic 
Aqrobacterium tumefaciens, Alcali genes 
eutrophus and Pseudomonas fluorescens strains, 
allowing us to add additional loci and to 
indicate the location of the çhv region on the 
Agrobacterlum tumefaciens linkage map. 

6.7.3.2. Genetic studies with the plant 
colonizing fluorescent Pseudowcr:., sp. strain 
7NSK2 

M. Höf*e (Gent), M. Mergeay, W. Verstraete 
(Gent) 

The Pseudomonas sp. strain 7NS*2 1s a plant 
growth promoting not colonizing bacterium 
iso1ated from the roots of barley. Genetic 
studies were performed with this strain for 
two main purposes : - to label the strain with 



stable genetic markers which are easy to 
recognize and recover after sampling from 
field experiments ; - to mutagenize genes 
involved in iron transfer in order to see 
their participation in the stimulation of 
plant growth. 

Via conjugation at 41°C with an Ê  coli donor 
strain, the plasmid pMG537 ( = R388::MudI11681) 
was introduced in 7NSK2. The 41 °C temperature 
(one degree under the lethal temperature) was 
found to be the most suitable for efficient 
gene transfer in Pseudomonas sp. 7NSKZ. 
Bacterial cells were isolated in which 
spontaneous transposition of MudII-1681 in the 
chromosome had occurred. MudII-1681 is a 
mini-Mu element that contains locZYA and a 
kanamycin-resistant gene. Transcription and 
translation of the resulting transcript can 
proceed from an externa! promotor near the Mu 
insertion with the formation of enzymatically 
active hybrid beta-gal actosidase (lacZ) 
proteins. Beta-galactosidase can easily be 
detected in the presence of the chromogenic 
substrate X-gal (5-chloro-4-bromo-3 
indolyl-beta-O-galactopyranoside) by the blue 
coloration of the hydrolysed substrate. The 
blue colour in combination with the selective 
carbon source sebacic acid (COOH-tD^g-COOH), 
has proven to be a very selective marker for 
tracking the 7NSK2 strain in the soil. The 
genetically marked 7NSK2 strains will be used 
for ecological studies in the soil 
environment. 

Via Tn5 (Knr) transposon mutagenesis with the 
suicide plasmid (pJB4JI) described by Beringer 
et a l . (1) and the mobilisable vector plasmid 
pSUPlOlul described by Simon et a l . (2) eight 
non-fluorescent mutants of the 7NSK2 strain 
were isolated. These fluorescent negative 
mutants seem to be at the same time sldero-
phore negative as they no longer produce any 
hydroxamate-type of siderophores and they are 
unable to grow in the presence of the iron-
chela tor EDOHA in contrast to the wild type 
7NSH2 strain. The siderophore-negative mutants 
will be used to gain more insight into the 
role of siderophores 1n plant growth stimu
lation. 

(1) Beringer, J.E., Beynon, J.L. , Buchanan-
Wollaston, A.V., Johnston, A.W.B. (1978) 
Transfer of the drug-resistance transposon 
Tn5 to Rhizobium. Nature 276, 633-634. 

(2) Simon, R., Priefer, U., Puhler, A. (1983) 
A broad host range mobilisation system for 
in vivo genetic engineering transposon 
mutagenesis in gram-negative bacteria. 
Bio/Technology 1, 784-791. 

6.7,3,3. Genetic tools for sulphate-reducing 
bacteria 

B. Powell (Napier College, Edinburgh), M. 
Mergeay 

The sulphate reducing bacteria (SRB) are 
strictly anaerobic bacteria, the majority 
being gram-negative, which are capable of 
mediating microbial corrosion. They are being 
studied from the point of view of their 
genetics. No technique exists at pr sent for 
introducing foreign DNA in the SRB, and this 
is the primary objective of this work. 

Shuttle-vectors and plasmids from a wide range 
of sources (gram negative and gram positive 
bacteria, including aerobic and anaerobic 
strains) are being tested for their ability to 
be introduced into the SRB by means of conju
gation and transformation, and to express 
their markers. Shuttle-vectors from the 
anaerobe Bacteroides and the aerobe E^ col i , 
and plasmids from Ê  coli and Alcali genes 
eutrophus are being tested. Difficulties l ie 
in the fact that the SRB are slow growing 
bacteria and, as yet, no marker has been found 
either associated with the SRB plasmids or 
from foreign plasmid DNA, which expresses in 
the SRB. 

Some species of SRB contain plasmids (1) , 
those detected so far have a size range from 
60 kb - 195 kb, and a rapid screening 
technique has been developed and is being used 
to screen new isolates for the presence of 
plasmids. I t is hoped that a small (1-20 kb) 
plasmid is found which could be used in the 
construction of a shuttle-vector between the 
SRB and aerobic bacteria, such as Ê  coli or 
Alcali genes eutrophus. 

(1) Postgate J.R., H.M. Kent, R.L. Robson and 
J.A. Chesshyre (1984) The genomes of 
Desul fori brio gigas and th. vulgaris. 
Journal of General Microbiology 130 (1984) 
1597-1601. 

6.7.4. Genetic manipulations with plants 

6.7.4.1. Transfer of human gene to Arabidopsis 
thaliana 

L. Ledoux, M.E. Thlry, J.M. Spronck 

Sterilised dry seeds were treated with a 
pBR322 derivative (pchGH800) coding' for 
beta-lactamase and bearing the cDNA corres
ponding to the human growth hormone (hGH). 
Plants were cultured in axenic conditions. Fl 
seeds were collected and 120 Fl plants were 
grown from them. As frequently observed 1n 
offspring of DNA treated plants, one plant 
presented an abnormal "bushy" phenotype. 
Leaves of this plant were fragmented and 
Individual calluses were developed from these 
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fragments. Three other plants were used to 
obtain fragments from which calluses were also 
grown. The presence of the hormone (protein of 
about 22.000 D) was checked with an immuno
assay detecting ng amounts. Calluses developed 
from untreated plants were used as control. 
30% of the calluses developed from the treated 
plants were positive. Those developed from the 
"bushy" type were very strongly positive, 
whilst little or no activity was detected in 
the control calluses. The presence of the 
hormone was checked in the solid growth medium 
itself by blotting a niece of it onto a 
nitrocellulose membrane and submitting it to 
the immunoassay. Positive results were 
obtained and negative results for the con
trols. These calluses were then subcultured. 
The best growing ones being fragmented into 
small pieces for further growth. The presence 
of the hormone in the medium was checked when 
each transplant had grown for 4-5 weeks. 
Results show that the production of thr 
hGH-type antigen by the positive calluses 
decreased progessively with time. After six 
subcultures, only 1/20 - 1/100 of the original 
antigen amount can be found. 

6.7.4.2. Uptake of plasmid DNA by >arley 
germinating seeds 

M. Lacroix (Liège), M.E. Thiry, J. Remy, L. 
Ledoux 

A method for micropreparation of the DNA from 
a single plantlet has been developed. 1+ has 
facilitated plasmid DNA jptake studies of 
individual plants. 

Barley seeds were Incubated for 3 days with 
pchGHN, a pBR derivative containing the gene 
of human growth hormone. Seeds were thoroughly 
washed with DNase, then sown in a sterile 
artificial medium. After 2, 5 and 8 days of 
growth, the presence of plasmid sequences was 
sought for by Southern blotting. Different 
types of seeds were used in parallel experi
ments. In heat killed seeds, plasmid sequences 
could be found in the endosperm but not in the 
embryo. In normal and in artificially pre-
drled seeds, plasmid was found 1n the endo
sperm and, in larger amounts, in the embryo. 
Plasmid DNA was progressively degraded during 
the growth of the plants. After 8 days, no 
plasmid could be found in the growing 
pi anti ets except in one experiment, where 
specific sequences of the human growth honr,cne 
gene were still present. Their electrophoretic 
mobility suggested a rearrangement that might 
indicate their integration within the plant 
DNA. 

6.7.4.3. Use of methotrexate for selection of 
transformed barley 

M.E. Thiry, M. Lacroix (Liège) 

In the prospect of plant transformation, 
convenient and efficient ways of transformed 
plant selection is a cornerstone. We have 
investigated the possibility using metho
trexate (a dihydrofolate reductase inhibitor). 
When applied to the nutrient solution the drug 
considerably restricts , jot growth. It is 
probably not translocated to the rest of the 
plant that grows slowly but continuously. We 
then tried to apply the drug to the aerial 
part of the plant. Spraying proved to give 
erratic results probably due to the difficulty 
controlling the quantity of drug that actually 
reaches the meristematic zone of the plant. 
Plants were then individually treated by 
a daily application of a 20 pi dose within the 
le?f tube. Control with staining solutions 
showed that they reached the meri stem when 
applied together with an appropriate wetting 
agent. After three weeks of treatment, clear 
results were obtained. A concentration of 
1 ug/ml of methotrexate killed 100% of the 
plants while no effect could be seen with a 
0.1 ug/ml concentration. The 1 ug/ml treatment 
should be mild enough to allow the selection 
of methotrexate resistant plants. In parallel 
we have cloned a methotrexate resistant 
dihydrofolate reductase gene (from plasmid 
R388) on pBR322. The gene has been placed 
downstream strong plant promoters. These 
constructions are now assayed on barley. 

6.7.4.4. Selection of transformed grasses 

L. Dlels, L. Ledoux 

DNA studies of grasses, transformed with the 
germinating seed Incubation method (1) led to 
the cor .lusion that only a few percent of the 
plant cells are transformed. Therefore no real 
kanamycin resistant plants could be found 
after transformation with pLGV neo 1103 and 
pABI plasmids (these plasmids bear the 
kanamydn resistant gene under the control of 
a plant promotor). In another way callus 
tissue was developed out of transformed seeds 
(with the same plasmids and some derivatives). 
But even on tissue culture, no good selection 
could be made (5700 seeds were incubated with 
different plasmids). The failure of this 
system 1s probably due to the production of 
toxic substances by the dying cells which 
inhibit the growth of the resistant cells. In 
order to overcome this problem separate cells 
of transformed calluses are cultivated on agar 
In a liquid medium which can be changed every 
week to eliminate the toxic products. 

(1) Dlels, L., Charles, P., 
Hooyberghs-Caeyers, L., Ledoux, L. (1983) 
Arch. Int. Physiol. Biochim., 91, B95. 
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6.8. BIOMEDICAL RESEARCH AND TOXICOLOGY 

6.8.1. Control mechanisms of gene expression 
in normal and neoplastic tissues 

L. Baugnet-Mahieu, W. Baeyens, M. Lemaire 
(University of Liège) 

FRSM Contract 3.4503.83. 

The mechanisms by which estrogens regulate 
gene expression in human breast cancer are not 
completely elucidated, probably because of the 
complexity of hormone regulation in the 
mammary gland. Many breast tumors contain 
estrogen receptors (ER) similar to those 
identified in estrogen target tissues (uterus, 
oviduct, . . . ) . Since the progesterone receptor 
synthesis is controlled by estrogen, the 
presence of progesterone receptor (PgR) in the 
breast cancer tissue would indicate that the 
sequence of events involving estrogen action 
is functional, and that the tumor is capable 
of synthesizing at least one end-product of 
the estrogen-stimulated pathway. The measu
rement of ER and PgR receptors has become a 
routine procedure for predicting the response 
of breast cancer to endocrine therapy. In 
contrast, the long term prognostic value of 
these assays, and the role of other hormone 
receptors also present in human mammary tumors 
remain controversial. 

In 125 breast cancer patients, we attempted to 
correlate the ER and PgR levels with various 
other prognostic factors. No significant 
relationship was found between ER and PgR on 
the one hand, the clinical stage of the 
primary tumor and the metastatic involvement 
of axillary lymph nodes on the other hand. A 
significantly lower proportion of ER+ and PgR+ 
tumors was found in histological grade Bloom 
III (p » 0.0001), and the shortest survival 
times were observed in the group of patients 
with low or negative ER and PgR. The menstrual 
status of the patients was statistically 
correlated with ER (p » 0.0005) but not with 
PgR. 

The role of prolactin in experimental mammary 
tumorigenesis 1s well documented -, prolactin 
receptors have been identified in experimental 
mammary tumors and more recently, In human 
breast cancer. However, the elevated values of 
serum prolactin (> 500 ng/ml) measured before 
mastectomy in the majority of our breast 
cancer patients (85/93) were not correlated 
with ER and PgR levels. 

Carcinoembryonic antigen (CEA) is a membrane-
associated glycoprotein that is prominently 
expressed in the foetus and is detectable in 
some normal adult tissues. CEA has been 

studied as a marker for a variety of human 
tumors and considered by some authors as a 
useful marker in selected cases of breast 
cancer. In our experience, the serum CEA was 
higher than 10 ng/ml in only 13X of the cases 
and the CEA level in the tumor cytosols ranged 
from 2 to 6000 ng/mg protein. There was no 
correlation between the serum or tisjue CEA 
and the steroid hormone receptors. 

In conclusion : from the above and literature 
data, a correlation seems to exist between ER 
and PgR levels and the histological grade of 
breast tumors. In conjunction with other 
prognostic factors, ER and PgR concentrations 
in the primary tumor may be useful indicators 
of short-term recurrence and mortality. 

6.8.2. Influence of two drugs and their 
metabolites on the binding of triiodothyronine 
on its nuclear receptor 

L. Baugnet-Mahieu, W. Baeyens, A. Arno 

Contract with a pharmaceutical company 

Several compounds which are not iodothyronines 
can mimic or oppose the action of thyroid 
hormones. For example, non halogenated thyroid 
hormone analogs may have thyromimetic effects 
in man and other mammals, while iodinated 
roentgenographic contrast agents interfere 
with normal thyroid hormone action. Some of 
those agents exert their effects by altering 
thyroid hormone synthesis, or by changing 
peripheral thyroid hormone metabolism 
(inhibition of 5'-deiod1nase), or by a direct 
Interaction with the nuclear thyroid hormone 
receptor. 

At the request of a pharmaceutical company, we 
have studied the effects of clinically 
relevant compounds and of their metabolites on 
the binding of T3 on Its nuclear receptor. 

Purified nuclei, prepared from several rat 
tissues, were Incubated jn. vitro, in presence 
of T3 and Increasing concentrations of the 
druas. The inhibitory effects of the 
substances on the parameters characterizing 
the hormone-receptor complex (affinity 
constant Ka and maximum binding capacity B^^) 
were determined by Scatchard plots. 

The confidential results of the study have 
been communicated to the pharmaceutical 
company. 

In order to correlate the results of our jn 
vitro study with the side-effects of these 
drugs, further experiments should be 
performed, Including the chronic 
administration of the substances to rats and 
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the determination of several parameters of the 
thyroid function in serum and tissues of the 
animals. 

6.8.3. In vivo studies in male mice on the 
mutagenic effects of inorganic arsenic 

Gh. Dekrcot, A. Léonard, J. Arany (I.H.E.), G. 
Jenar-Ou Buisson (I.H.E.), E. Delavignette 

Euratom Contract BI0-D-378-81-B 

The ability of sodium meta-arsenite (NaAs02) 
to produce genetic damage in vivo has been 
assessed in mice by the micronucleus test on 
bone marrow cells and the dominant lethality 
and sperm abnormality assays on male germ 
cells. The dose-related linear increase of 
micronuclei observed in somatic cells together 
with the negative results obtained in 
reproductive cells suggest that NaAs02, under 
the conditions of the present experiments, 
displays clastogenic properties jt\ vivo in 
laboratory animals, but is unable to produce 
heritable damage. 
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Expression of protooncogenes in murine 
osteosarcomas. 
A. SCHÖN, L. MICHIELS, M. JANOWSKI, 
J. MERREGAERT, V. ERFLE 
Int. J. Cancer 38 (1986) 67-74. 

Toxicity of long-term application of dietary 
technetium to rats and their offspring 
R. VAN BRUWAENE, M. HEGELA, G.B. GERBER, 
R. KIRCHMANN, J.R. MAISIN 
Scientific Seminar on the "Behaviour of 
technetium in the environment", Cadarache (F), 
October 23-26, 1984, in Technetium in the 
environment, G. Desmet and C. Myttenaere 
(Eds.), Elsevier Applied Science Publishers, 
London - New York, p. 391-396. 

Absorption and retention in sheep of 
technetium administered into the rumen as 
pertechnetate or bound to food. 
R. VAN BRUWAENE, G.B. GERBER, R. KIRCHMANN, C. 
GARTEN, j r . , J. VANKERKOM, S. 60NOTT0, 

T. MATHIEU, M. COGNEAU 
In : Technetium in the environment, G. Desmet 
and C. Myttenaere (eds.), Elsevier, pp. 
333-338, 1986. 

Chemical speciation of technetium in soil and 
plants impact on the soil-plant-animal 
transfer. 
CM. VANDECASTEELE, C.T. GARTEN, j r . , 
R. VAN 8RUWAENE, J . JANSSENS, R. KIRCHMANN, 
C. MYTTENAERE 
Seminar on the "Speciation of fission products 
in the environment", Oxford (UK), April 16-19, 
1985, In "Speciation of fission and 
activation products in the environment", 
R.A. Bulman and J.R. Cooper (eds.), Elsevier 
Applied Sciences Publishers, London, New York, 
p. 368-381, 1986. 

Interaction entre technetium et molybdène dans 
l'inhibition de la nitrogénase d'Azobacter 
chroococcum. 
CM. VANDECASTEELE, J . HENROT, J.M. PIERI, 
C. MYTTENAEPE, M. COGNEAU, C. VAN HOVE 
Scientific Seminar on the Behaviour of 
Technetium in the Environment", Cadarache (F) , 
October 23-26, 1984, In : Technetium in the 
environment. G. Desmet and C. Myttenaere 
(eds.), Elsevier Applied Science Publisher, 
London - New York, p. 385-390, 1986. 

quantitative problems with murine colony 
forming units of fibroblasts (CFU-f) from 
adult bc ie marrow. 
R. VAN OEN HEUVEL 
Br. J. Cancer 53 (1986) 169-170. 

Verzuring in Belgische oppervlaktewaters. 
J.H.D. VANGENECHTEN, S. VAN PUYMBROECK, 
O.L.J. VANDERBORGHT 
In : Waterverzuring in Nederland en België, 
oorzaken, effecten en beleid. Proceedings 
studiedag (1985) "waterverzuring" Katholieke 
Universiteit Nijmegen, Laboratorium voor 
Aquatische Oecologie, 1986. p. 41-48. 

Technetium in marine animals. 
C. VERTHE, Z. MOUREAU, B. MANIA, J. VAN 
BAELEN, 0. van der BEN, M. COGNEAU, 
C.M. VANDECASTEELE, J.M. BOUQUEGNEAU, C. 
MYTTENAERE, S. BON0TTO 
In : Technetium 1n the environment. G. Desmet 
and C. Myttenaere (eds.), Elsevier, pp. 
245-250, 1986. 

Acute add exposure of rainbow trout, Sal mo 
qairdnerl Richardson : effects of aluminium 
and calcium on ion balance and haematology. 
H.E. WITTERS 
Aquatic Toxicology 8 (1986) 197-210. 

Invloed van waterverzuring en aluminium op de 
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mineraalhuishouding van zoetwaterorganismen. 
H.E. WITTERS, J.H.D. VANGENECHTEN, S. VAN 
PUYM6ROECK, O.L.J. VANDERBORGHT 
In : Waterverzuring in Nederland en België, 
oorzaken, effecten en beleid. Proceedings 
studiedag (1985) "waterverzuring" Katholieke 
Universiteit Nijmegen, Laboratorium voor 
Aquatische Oecologie, 1986. p. 41-48. 

Physiological study on the recovery of rainbow 
trout Salmo qairdneri Richardson from acid and 
Al stress. 
H. WITTERS, J.H.D. VANGENECHTEN, S. VAN 
PUYHBREOCK, O.L.J. VANDERBORGHT 
Proceedings Workshop on Reversibility of 
Acidification, CEC, Brussels (1986). 

Genetic nature of bushy plant type in the 
variant strain induced by grafting in Capsicum 
annum L. 
N. YAGISHITA, Y. HIRATA 
Euphytica 35 (1986) 17-23. 

Use of various procedures for studying 
distribution and chemical forms of technetium 
in uni- and multicellular organisms. 
S. 80NOTTO, F. CAPOT, L. PIGNOLET, 
J.H. BOUQUEGNEAU, M. COGENAU, Z. MOUREAU, 
B. MANIA, D. van der 8EN 
Workshop, Behaviour of Technetium in 
Terrestrial and Aquatic Environs, Seattle, 
U.S.A., May 5-10, 1986. 

Utilization of marine algae for experimental 
work on the radioactive pollution of the 
marine environment. 
S. B0N0TT0, F. CAPOT, D. van der BEN 
The Third International Conference : 
Environmental Quality and Ecosystem Stability, 
Jerusalem, Israel, June 1-4, 1986. 

Morphological and biochemical Investigations 
on the "red" Acetabulars acetabulum growing 
in the saltworks. 
S. B0N0TT0, A. SANTULLI, F. CINELLI, M. 
PAQUES, L. de SAINT-GEORGES 
International Meeting, Saltworks Conversion 
for Aquaculture, Trapani, Italy, May 9-11, 
1986. 

Mlcroalgae, blue-green bacteria and marine 
macroalgae having a commercial interest. 
S. B0N0TT0, 0. van der BEN, A. SANTULLI, 
F. CINELLI 
International meeting, Saltworks Conversion 
for Aquaculture, Trapani, Italy, May 9-11, 
1986. 

Graft-indeed change in pepper and eggplant. 
Y. HIRATA, N. YAGISHITA, L. LEDOUX, M. THIRY, 

L. 0IELS 
Vlth Eucarpier meeting on genetics and 
breeding on capsicum and eggplant, October 
21-24, 1986, Zaragoza. 

CFU-f DNA synthesis in foetuses and in young 
mice. 
G. SCHOETERS 
European Study Group for Cell Proliferation, 
14th Meeting, Oxford, April 8-11, 1986. 

Haematolpoietic stem cell damage after 
contamination with internal alpha-emitters. 
G. SCHOETERS 
Task Group EULEP, Manchester, June 25-26, 
1986. 

Decorporative treatments after injection of 
mice with alpha-emitting bone-seekers. Do they 
reduce radiation risks ? 
G. SCHOETERS, 0. VANDERBORGHT 
First International Symposium Primary 
Prevention and Cancer, Antwerp, March 19-22, 
1986. 

Relative sensitivity of ̂ A m versus " 6 R a in 
life span shortening and cancer induction in 
C57BL mice, comparison with other large scale 
mouse experiments with 2 " R a and with 241Am. 
G. SCHOETERS, 0. VANDERBORGHT, J.R. MAISIN 
Fourth Annual ECP Symposium, Concepts and 
Theories in Carcinogenesis, Brugge, June 
11-13, 1986. 

Micro-omgeving in het beenmerg van adulte en 
périnatale muizen : relatie tot bloedvorming. 
R. VAN DEM HEUVEL, G. SCHOETERS 
SCK/CEN, Biology Department, June 6, 1986. 

Haemopoietic (CFU-s and CFU-c) and stromal 
(CFU-f) stem cells in yolk sac, liver, spleen 
and bone marrow of pre- and postnatal mice. 
R. VAN DEN HEUVEL, G. SCHOETERS, 
0. VANDERBORGHT 
25th Meeting Cell Biology of the Extracellular 
matrix of Belgische Vereniging voor 
Celbiologie, Antwerp, April 19, 1986. 

Disturbance of the haematology and ion balance 
of rainbow trout after acute exposure to add 
pH and aluminium. 
H.E. WITTERS, J.H.D. VANGENECHTEN, S. VAN 
PUYMBROECK, O.L.J. VANDERBORGHT 
Poster presentation, 221st Conference qf the 
Society for experimental biology, Seminar 
Series Symposium : Acid Toxicity and Aquatic 
Animals, Nottingham, 1986. 

6.10. VARIOUS ACTIVITIES & SEMINARS 

Contribution â l'étude du récepteur nucléaire 
â la triiodothyronine dans le foie et dans un 
hépatome transplantable du rat. 



St. NAUCHE 
Graduate in clinical chemistry. Institut 
d'enseignement supérieur pa jmêdical, Liège, 
1986. 

June 19, 1986 
Seminar on the "Transfer of radionuclides in 
river ecosystems", organised at the Biology 
Department of the CEN/SCK during which five 
communications on the results obtained by the 
laboratories i.volved in this research were 
presented. These papers Mill soon be submitted 
for publication in the "Annales de la Société 
Belge de Radioprotection". (C. VANDECASTEELE, 
R. KIRCHMANN). 
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7.2.NUCLEAR PHYSICS densities and neutron strength functions are 
required. 

7.2.1.Neutron Spectrometry 

The work reported below is performed in the 
framework of the joint 
SCK/CEN-CBNM-RUCA-RUG-VUB neutron cross 
section programme 

7.2.1.1.Resonance Parameters for structural 
Materials in Fast Reactors : the isotopes 
58,S0,61N1 

C. Baracca (CBNM 6EEL), A. Brusegan (CBNM 
Geel), L. Mewissen and F. Poortmans 

With the pulsed neutron source at the 150 NeV 
linear electron accelerator of CBNM Geel, a 
first series of neutron transmission experi
ments have been performed for the isotopes 
5 8Ni, 60Ni and 61Ni The measurements were 
performed with a nominal time-of-flight 
resolution of 3,6 psec/m (burst width and 
channel width 1 nsec, flight path length 388 
meter) and they covered the energy range from 
200 keV up to 40 MeV. The sample material was 
obtained on loan of the Oak Ridge National 
Laboratory : 58Ni (99.9 X, 45.6 g), 60Ni 
(99.07 X, 123.1 g) and 61Ni (91.78 X, 25.3 g). 
The experiments are finished and the data 
reduction is in progress. 
With the use of a moderated neutron beam, a 
second series of measurements, for the energy 
range between 50 keV and 500 keV is planned 
before the end of 1986. 

7.2.1.2 Neutron Data for Fusion Technology : 
Measurement of the double differential neutron 
emission cross section for the Li (n.xn) 
reaction between 1.6 MeV and 16 MeV 

E. Dekempeneer (CBNM), H. Liskien (CBNM), 
L. Mewissen and F. Poortmans 

In order to improve the statistical accuracy 
of our data, in particular above 10 MeV, we 
have undertaken a new experiment using a two 
times thicker sample (0.065 at/b) than in the 
previous measurenents. The analysis of the 
data is in progress. 

7.2.1.3. Neutron Resonance of Spectroscopy 
28Si+n. 

P.W. Martin (University o British Columbia, 
Vancouver), R. Kohier (CBNM), I. van Parijs 
(V.U.B.), F. Poortmans, J.A. Wartena (CBNM) 
and H. Weigmann (CBNM) 

Lithium silicate is a possible candidate to be 
used as tritium breeding material in fusion 
reactor blankets; therefore the cross sections 
of 8Si have to be known, and the basic 
statistical properties such as nuclear level 

Resonance structure in the "Si+n system has 
been investigated by performing neutron total 
cross section and capture y-ray measurements. 
A detailed analysis of resonance parameters 
has been carried out up to a neutron energy of 
2.75 MeV. Level densities have been determined 
for s- and p-wave resonances, as well as 
neutron strength functions and partial radia
tive widths. The neutron strengths are compa
red with existing model calculations. The 
neutron width of at least one T*3/2 level has 
been determined, providing a measure of 
isobaric spin mixing. Whereas other workers 
previously have reported a strong correlation 
between the reduced neutron widths (rnl) and 
total radiative widths, we do not observe any 
significant correlation between nl and the 
partial radiative widths for ground state 
transitions. We conclude that radiative 
capture in Z8Si+n does not proceed via a 
simple valence mechanism, but must involve 
several competinq doorway states. The observed 
Ml strength in "Si is lower than that repor
ted for Z8Si of inelastic electron scattering, 
suggesting aither a considerable fragmentation 
or a significant reduction due to the presence 
of one additional neutron. 

7.2.1.4 The 41Ca(n,a) 38Ar reaction in the 
resonance region 

C. Wagemans (NFW0/FNRS, R.U. Gent S SCK/CEN), 
H. Weigmann (CBNM , Geel) 

The study of this reaction is a "priority 1" 
request of the astrophysical community, in 
view of its importance for astrophysical 
calculations relative to the explosive carbon 
burning. During a first series of measure
ments, several pronounced (n,a) resonances 
have been observed in che keV energy region, 
using 2000 mm2 large surface barrier detectors 
in a low detection geometry. To compensate for 
possible anisotropy effects in the emission of 
the a particles, tests are now being performed 
with a gas-flow ionization chamber with a 2*-
detection efficiency. 

7.2.2 Fission 

(Joint SCK/CEN-C8NM-RUG programme) 

7,2.2.1 Fission cross-section measurements of 
"'U at very low energies 

C. Wagemans (NFW0/FNRS, R.U. Gent & SCK/CtN), 
A. Deruytter (CBNM, Geel) 

The possibility that a power excursion initi
ated (or played an important part in) the 
Chernobyl accident raises the question "How 
accurately can thermal reactivity coefficients 
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be predicted ?" The uncertainty on the cross-
section data in the subthermal region down to 
1 meV strongly contributes to the absolute 
uncertainty on the reactivity coefficient. 

As a part of an experimental campaign to 
re-determine the subthermal a f and n for 23*U 
and o for 23°U, a series of measurements of 
the 23*U (n>f) cross section down to 1 meV has 
been performed.In two measurements, the 
6Li(n,a)T reaction has been used as a neutron 
flux monitor. In a third measurement 
10g(n,a)'Li has been used, and in a fourth 
control measurement the °Li(n,o)T/"'B(n,a)'Li 
ratio has been determined to make sure that 
the neutron flux monitor has no impact on the 
af(E) value. The measurements are now being 
analysed. 

7.Z.2.2 Investigations of the 
reaction 

235m 
U ( " t n , f ) 

A. D'Eer (R.U.Gent & SCK/CEN ) , M.Nève de 
Mévergm'es, C.Wagemans ( NFWO/FNRS, R.U.Gent & 
SCK/CEN ) , 
F.Gönnenwein (Univ. Tubingen ) , 
P.Geltenbort ( ILL , Grenoble ) , M.Moore (Los 
Alamos ) 

235m, The " 3 m U ( n £ ( l , f ) cross section is of impor
tance for trie neutronics of chain reactions. 
From a physical point of view, the investiga
tion of the cross section and of the energy 
and mass characterist ics of th is reaction 
compared with that of 2 3°9u ( n t j , , f ) enables to 
study the influence of the ta rget spin on the 
f ission observables mentioned, " 5 9 u and 235fflU 
having very d i f ferent spin values (7 /2" resp. 
l / 2 + ) . A major problem for these measurements 
was the target preparation, the h a l f - l i f e of 

the 235m 

». 

U isomer being only 26 min. This 
implied that an easy ojjerating routine system 
for the production of "5my targets was needed 
1n the vicinity of the neutron irradiation 
facility. Such a system has been realised in 
collaboration with J. Pauwels et al. of ÇBNM, 
Geel. Taking profit of the fact that 23*"jj 
appears as a recoil after a-em1ssion by a "* 
Pu-nucleus, the Inside of an aluminium sphere 

.40 cm) has been covered with a ̂ 10 pg/cm2 
9Pu-layer. The 2 3 5 mU recoils are collected 

under vacuum on gold coated polyamide foils 
which are put in the centre of the sphere at a 
negative potential to Increase the collection 
efficiency. A series of tests has been perfor
med to go in search for optimal collection 
efficiencies. The best conditions realised so 
far have yielded 8x10' nuclei (or an efficien
cy of ^16 ï)with 1 kV and 1 Pa. 

At the end of June, the whole system has been 
cioyed to the ILL, Grenoble, where a 
235ni|j [ntn,f) measuring equipment has been 
installed at an intense thermal neutron beam 
(1.3X109n/cin2.s ). 

7.2.2.3 Fission fragment mass and energy 
distributions for the plutonium isotopes 

P. Schillebeeckx ( R.U.Gent ), 
C. Wagemans ( NFWO/FNRS, R.U.Gent S SCK/CEN ), 
P. Geltenbort ( ILL, Grenoble ), F. Gönnenwein 
( Univ. Tubingen ) 

In the frame of a systematic study of the 
fission fragments mass and energy distribu
tions of the plutonium isotopes, the *Pu 
(nth,f) reaction has been investigated at the 
Cosi Fan Tutte spectrometer of the ILL 
(Grenoble ). During a first run, about 400,000 
events have been recorded and analysed. A mass 
resolution of 0.7 X has been reached. The mass 
distibution deduced from these measurements 
was in agreement with the radiochemical data. 
Taking profit of the fact that these mesure-
ments yield correlated fission fragment energy 
and mass information, the presence of fine 
structures, due to shell and pairing effects, 
could be demonstrated. Cold fragmentation 
(i.e. mass splits where the fragments are 
formed in the ground state) has also been 
observed. More detailed and more complete 
information is expected to result from a 
second campaign. 

7.2.2.4 Study of the triton and alpha emission 
in the thermal neutron induced ternary fission 
of the actinides 

C.Wagemans (NFWO/FNRS, R.U.Gent & SCK/CEN ), 
P.Schillebeeckx (R.U.Gent), 
P.D'hondt, J.P.Bocquet (ILL, Grenoble) 

The triton and alpha emission in ternary 
fission reactions appears to be an important 
source of tritium and helium gas production in 
reactors and in nuclear waste. On the other 
hand, the energy characteristics and the 
emission probabilities of these particles can 
yield some Information on the properties of 
the ternary fission process. During the past 
years thermal neutron induced ternary fission 
has systematically been studied at an Intense 
thermal neutron beam of the ILL High Flux 
Reactor Results have abreadv been obtained 
for 2 3 1Pa, t 3 3U, 2 3 5U, 2 3 7Np, 2 3 9Pu and Z 4 1Pu. 
During a recent campaign, preliminary results 
on 2**Am and 243Am have been obtained. A 
combination with our previous results enables 
a clear demonstration of the influence of 
neutron shell effects on the ternary fission 
reaction. These measurements will be conti
nued. 

7.2.2.5 The ignored discovery of the first 
fission product 

P. Van Assche 

On the occasion of the seminar on fission, at 
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Habay-la-Neuve, 22 - 23 May 1986 we presented 
a investigation on the discovery of fission*). 
Durinc, this study we observed to our surprise 
that a claim2' for the discovery of the 
element Z = 43 (actually called technetium) is 
unduly ignored. This discovery was made in the 
search for the elements with Z * 43 and 75 not 
yet known at that time. In fact, we can prove 
now that the detection limit of the chemical 
separation combined with the one of the 
roentgen-ray analysis allows the observation 
of the fission product 99Tc in uranium 
containing ores. With an half-life of » 
6xl015y for spontaneous fission of Z 3 8U and 
2.1xl05y for ^ T c , and a fission yield of 6.1 
% for mass 99 we obtain an abundance of 
2xl0"12 for the element Z * 43 relative to the 
uranium content, anyway assuming that the 
element Z • 43 is in equilibrium with the 
uranium containing ore. This fact has been 
proven for some ores. 

1) P. Van Assche, How fission was discovered, 
Proceedings of the "Seminar fission", BLG 586 
(C. Wagemans, éd.) Mol, 1986, p. 14. 
2) V. Noddack, I. Tacke and 0. Berg, 
raturwissenschaften (1925)567. 

7.2.3 Nuclear Spectroscopy 

7.2.3.1 Neutron capture gamma-rays with 
Ge-detectors 

P. Fettweis, J.C. Dehaes (ULB, Brussels) 

As the ILL Grenoble has studied (F. Hoyler) 
the reaction 75As (n.y) 76As with the help of 
the very high resolution GAMS-spectrometers, 
contacts have been taken in order to compare 
these results with the Y-Y coincidence data 
obtained àt 8R2.They show a great likelihood 
between both level schemes and permit to 
clarify a few doubtful gamma - assignments of 
gamma-transitions. This work is in progress. 

7.2.3.2 Photon scattering experiments at the 
BR2-reactor 

R. Nolte, F. Schroder, M. Schumacher (Zweites 
Physikalisches Institut, Univ. Göttingen) and 
P. Fettweis 

First experiments have been performed with 
the-high energy neutrcn-capture photon source 
installed at the T8 through hole of the BR2 
reactor. The available at present neutron flux 
is slightly too small to perform nuclear Raman 
scattering experiments. These experiments 
however should be possible after extraction of 
the in-pi le part of the fast breeder experi
ment (GSB), foreseen for October 1986. Actual
ly it causes a big neutron flux depression. On 
the other hand, elastic scattering experiments 
on a 2°'Bi-target have been measured and have 

led to results in agreement with those ob
tained earlier at ILL Grenoble. 

7.2.3.3 Neutron capture gamma diffraction 
spectroscopy 

•.. Kaerts (IIKW bursar, I.K.S., K.U.Leuven), 
P. Van Assche 

The analysis of the * Oy (n,y) reaction which 
was insured in 1982 at the GAMS 1 and GAMS 23 
bent crystal diffraction (BCD) spectrometers 
has been contiiued at the ILL in Grenoble. A 
final list of Y-transition energies and 
intensities (energies ranging from 50 to 2500 
keV) was obtained by combining the GAMS 1 (50 
keV S E r i 720 keV) and GAMS 23 (110 keV S E~ 
s 2500 keV) results. The identification of 
165Dy lines was done as described previously 
(BLG 584). The very precise secondary 
Y-transition energies from the BCD 
spectrometer measurements together with the 
results of an average resonance capture 
measurement on 1 M D y , which gives the energies 
of all the 1/2, 3/2, 5/2+ 165Dy levels beneath 
14*5 keV, are now used to construct the level 
scheme of 165Dy. 

7.2.3.4 Crystal reflectivity for gamma rays 

E. Kaerts (IIKW Bursar), P. Van Assche 

The use of a highly perfect silicium crystal 
as analysing crystal in bent crystal diffrac
tion spectrometers - instead of the traditio
nally used quartz crystals - improves the 
spectrometer efficiency and extends the high 
energy limit of these spectrometers (see 
Annual Report 1983, BLG 566 p.5-9). A further 
improvement has recently been obtained by 
optimizing the quality of the bending of the 
Si (220) crystal. A new set of crystal clam
ping blocks with a radius of curvature equal 
to 10.650 m - deviations from the ideal 
cylindrical surfaces are smaller than 10"7m -
have been used. After clamping tr? quality of 
the bending has been control!e^. The integral 
reflectivities R(E,n) of the silicium crystal 
in this new configuration have been measured 
for the first fcjr diffraction orders. The 
res Its are shown in fig.7.2.3.4. R(E,1) shows 
nc inflexion point beneath 1100 keV, while in 
t'e old configuration, an inflexion , point 
around 400 keV appeared. For energies between 
400 and at least 1100 keV, the intensity of 
the first order diffracted team is therefore 
increased by a factor of E/400. 
For energies between 220 and 700 keV, a 
similar intensity increase for the second 
order diffracted beam 1s given by even a 
larger factor E/220. 
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SECOND SET OF CLAMPING BLOCKS 
(COPPEF ALLOY) 

r H * ** f t •"+- (220) 

(UO) 

(660) 

(860) 

200 1000 
ENERGY (l»V) 

Fig. 7.2.3.4. (2n,2n,0) refers to the Miller 
indices of the diffraction planes for the ntn 

diffraction order. 

7.3 NEUTRON SCATTERING BY CONDENSED MATTER 

7.3.1 Reorientational motions of the ammonium 
group in the phases I, II and IV of ammonium 
nitrate 

C. Bostoen (U.I.A. 
S. Hauteder 

Antwerpen), W. Wegener, 

This compound widely used as a fertilizer and 
an explosive has several structural phases: a 
plastic cubic phase I (124 °C < T < 169 °C), a 
tetragonal phase II (50 °C < T < 124 °C), an 
orthorhombic phase IV (-18°C S T < 50°C) and 
finally an orthorhombic low temperature phase 
V ( t < -18 °C). Phase III (32 °C < T < 84 °C, 
orthorhombic) only accurs if the nitrate 
contains some moisture and impurities. This 
phase will not be discussed. 

Quasi-elastic neutron scattering experiments 
(BR2-Mol) have been done on phases IV (25 °C), 
II (90 3C) and I (150 °C) in order to get 
information about the reorientational motions 

of the ammonium group. In all of th_ three 
phases a clearly visible quasi-elastic compo
nent has been observed indicating that 
reorientations occur on the picosecond time 
scale. A first preliminary analysis has been 
made in terms of models selected on the basis 
of neutron diffraction results. In phase I, 
there is either rotational diffusion or 
NĤ -reorientations around threefold and 
twofold molecular axes or reorientations 
around the twofold molecular axes. For phase 
II one of the last two models may be the 
reorientation mechanism describing the 
results, but no definite conclusion can be 
given. The rotational motions occuring in 
phase IV involve reorientations around 
threefold molecular axes. Further experiments 
at different temperatures (in each of the 
phases) and up to larger Q values (in order to 
discriminate between different models) will be 
done at MI BEMOL (Orphee-Saclay). Additional 
measurements are also planned in Mol in order 
to study phase V. 

7.3.2 Hydrogen motions in CuH 

W. Wegener, C. Bostoen (U.I.A, Antwerpen), 
S. Hautecler 

a. Periodic motions: 
Measurements on CuH have been made at MIBEMOL 
(Orphee-Saclay) at room temperature and at 45° 
C. Two pronounced peaks in the inelastic 
incoherent spectra were observed: at 10 meV 
and 20 meV. In addition two shoulders at 32 
meV and 76 meV are visible. Force models have 
been developed and resulting frequency distri
butions have been calculated. In a next stage 
these will be related to the inelastic part of 
the spectra. Measurements of the deuterated 
compound are also planned. 
b. Random motions: 
A background measurement was carried out in 
orde" to reanalyse the measurements made last 
year at Mol The results are now in better 
agreement with the model where jumps between 
octahedral and tetrahedral sites are involved. 
A publication of this work is in preparation. 

Conclusion: investigations done so far indica
te that part of the hydrogen atoms stay on 
their regular sites in the wurtzlte lattice 
(periodic motions), the remaining hydrogen 
atoms diffuse through the lattice' (random 
motions). This has been deduced from measure
ments done at MIBEMOL: an inelastic and a 
quasi elastic part has been observed in the 
spectra corresponding with the periodic and 
random motions respectively. The model 
calculations so far are only valid for a 
system where the number of diffusing hydrogens 
is small, as is the case for CuH. 
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7.3.3 Hydrogen bond in the hydrogen ma leate 
group of Ni bis(hydrogen maleate) 
tetrahydrate, NitC^HjO^n^HgO, and Mg bis 
(hydrogen maleateJ hexahydrate, 
Hg(C^3Q/,).6H;0 

S. Hautecler, C. Bostoen (U.I.A. Antwerpen), 
H.J. Geise (U.I.A. Antwerpen), A.T.H. Lenstra 
(U.I.A. Antwerpen), F. Vanhoutegheni (U.I.A. 
Antwerpen) 

Ni and Mg hydrogen ma leates have been extensi
vely investigated by X-ray analysis. There is 
still one structural aspect of these maleates 
unresolved : the influence of the maleate 
group surroundings on the hydrogen bond. 
Neutron scattering experiments have been made 
in order to obtain some information on the 
nature of this bond. The spectra are rather 
complicated: "librations" of the water mole
cules, stretching of the metal- oxygen bond 
and lattice vibrations all of them contribute 
to the spectra, together with the contribution 
of the hydrogens bonded to the carbon ions of 
the maleate. Therefore measurements on partly 
deuterated specimens are planned. 

7.4 RADIATION DOSIMETRY AND CONTROL 
MEASUREMENTS 

7.4.1 Personal Dosimetry 

7.4.1.1 Internal Dosimetry 

Direct methods 
J. Colard, J.P. Culot 
(Contrôle-Radioprotection, C0RAPR0) 

A totil of 670 individuals have been gamma-
spectrometrically examined to determine the 
body burdens: 

- 561 whole body examinations 
- 31 thyroid measurements for iodine 

isotopes assessment, 
1 wound counting for pu measurement, 

- 40 lung measurements with the Xe-CH4 lung 
counter for Pu assessment, 

- 37 lung measurements with the 20 cm dia x 
10 cm thick Nal crystal for 232th or 
fnr 238/235ii aeeoccmpnt. 

the reference level except for 1 3 M where 
values up to 25 % of the thyroid's maximum 
burden have been detected. 
Some difficulties have been encountered 
during the first weeks after the peak of the 
fallout, since most of the clothing pijamas 
worn during the measurements in the whole body 
counter were contaminated when coming back 
from the laundry. 

As a consequence from the presence of 
134-137çs in the food chain, the activity of 
these radionuclides is actually increasing ; 
the 137Cs body burden which was 7.6 Bq (mean 
value for unexposed people in march-aoril 
1986) tecame 40 Bq 137Cs and about 20 Bq 134Cs 
for the period May-June 1986. 

However it ro;st be stated that, from ICRP 30 
tables, a permanent body burden of 100 Bq 
137Cs or 100 Bq 134Cs leads only to annual 
dose equivalents of 3.6 uSv and 5.7 uSv 
respectively. 

7.4.2 Nuclear Spectrometry Measurements 
Section NUCLEAR SPECTROMETRY 

7.4.2.1 Supporting Measurements 

J. Colard, J.P. Culot 

A total of 2234 samples have been measured by 
gamma or alpha spectrometry as a support to 
various departments from the CEN/SCK for 
health physics survey, operational control of 
the reactors, environmental survey, research 
experiments or contracts, or on request of the 
industries. 

The main purposes of these analyses were : 

- health physics, environmental 
and reactor survey 37 % 

radiobiology (research and 
contracts) 43 % 

- on request from other institutions 
and activation analysis for industry 6 % 

DU assessment, miscellaneous 14% 

Weak body contaminations have been detected in 
several cases by radionuclides such as : 
§ 5Mn, l 9F e;

§ 8Co,^Zr-Nb, Ï ÏS, 1 3 4Cs, 1 3 7Cs 
mainly 1n people involved in maintenance works 
«round nuclear installations. 
It must be pointed out that, as a conseguence 
of the Tchernobyl accident, traces of 1 3 M in 
the thyroid and 103Ru,and 13'Cs in the whole 
body have been observed in the first weeks of 
May ; several people from Belgian embassies in 
Eastern Europe or working in these countries 
for private industries have been measured , 
all observed activities being far below I % of 

7.4.2.2 Measurements resulting from the 
Tchernobyl accident 
During May and June, a total of 387 
measurements have been performed on : 
- air dusts samples collected on paper filter, 
- rain water and total fall out, 
- grass and soil samples 
- milk and various foods 
- environment, by direct "in situ" 

spectrometry. 

During the night May 1st to May 2nd, a large 
increase of activity has been detected by the 
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continuous air monitors. The last paper 
filters of 350 cm2 through which air is pumped 
at a rate of 50 nr/h has been immediately 
measured by gamma spectrometry,showing the 
presence of several fission products. 
The maximum activity concentration detected on 
May 2, between 7 a.m and 1 p.m. (Universal 
Time) were : (fig.7.4.2.a). 

May 6, 12.00 a.m. Nay 13, 11.00 a.m. 

131 
137 

I 
Cs 

134 
136 
99 
132 
103, 
106 
140, 

Cs 
Cs 
Mo 
Te 
Ru 
Ru 
Ba 

7800 
3600 

1910 
610 
1450 
17000 
3700 
1940 
1520 

mBq/nr 
(0.02 during the 
week before accident) 

At the end of June, the remaining activity in 
dust was : 0.40 (137Cs), 0.073 (I34Cs), 0.063 
(I03Ru) mBq/m3 

Activity of I on grass and in milk has been 
measured twice a day till May 11, then daily 
till the end of the month and weekly in June. 
Grass and milk were collected in a farm of the 
CEN and in a private farm between Mol and Geel 
at about 10 km from the CEN. 
Important discrepancies have been observed due 
to the fact that, in the first case the cow 
returned to the stable every night whereas 
the second cow remained permanently outside. 
Maximum values of respectively 98 and 270 Bq/1 
131I have been measured on May 3 and 4 whereas 
in milk from different dairies a maximum of 
166 Bq/1 was observed. In milk from sheep up 
to 1550 Bq/1 has been detected. 
For 137Cs and 134Cs contents in milk , a 
growing trend has been observed till the end 
of June, the upper values being respectively 
42 and 24 Bq/1 for the farm of the CEN and 4.4 
and 2.7 for the second farm. This large 
difference is correlated to the activity of 
grass which was in the same ratio and comes 
from difference of the nature of the soils and 
of agricultural processes. 
These discrepancies Illustrate clearly the 
difficulty to base generic models on specific 
values which are not always representative of 
the mean value to be considered for the 
population. 

In foods, the maximal 131I activity being 
detected on spinach leaves was 1080 Bq/kg on 
May 7. 
The vertical profile of the deposited activity 
in Bq/m2 measured by sampling of 1 m2 surface 
in the region of Mol was : 

upper part 
lower part 

1-131 
1120 
3000 

Cs-137 
330 
1140 

1-131 Cs-137 
138 87 
910 420 

gras, 

subjacent soil 
(1ST. cm) 6000 1230 3400 1850 
(1-2 cm) 880 630 

The activity is washed out of the surface of 
the grass but remained localized on the upper 
part of the soi l . The equipment for "on site" 
Y-îpectrometry has been reinstalled in the 
mobile unit and 16 measurements have been 
performed starting from May 12. I t must be 
noticed that this equipment is not permanently 
available and a delay of at least 1 day is 
necessary to prepare i t and to check this 
material wich is normally used in a laboratory 
and is not reliable enough for f ie ld conditi
ons. This requires also the availability of 
persons which, in case of accident, are 
already involved in the measurement of the 
numerous samples in the laboratory. 

7.4.3 Low-Level Measurements 
(Section Low Level Measurements) 

7.4.3.1 Measurements on routine samples. 

nose-blow and faeces About 1300 urine and 
samples were analysed : 
- 226Ra : 8 determinations 
- a emitter actinides : 840 determinations 
- complex mixtures of actinides (two or more 

actinides simultaneously present): 78 
determinations; 

- uranium by fluorimetry : 138 determinations; 
- tritium : 113 determinations; 
- 2 *pu : 50 determinations ; 
- a-activlty 1n nose blow samples : 151 deter

minations. 
About 40 % of these determinations were 
performed on request of the Health Physics 
Department of the SCK-CEN. 
60 % of these determinations concern support 
given at the request of BELGONUCLEAIRE, FBFC, 
CBNM, the Belgian Universities, Métallurgie 
Hoboken-Overpelt , e tc . . . 

7.4.3.2 Radiochemical Measurements 

Radioactive Fall-out 

Airborne dust and rainwater were sampled daily 
on the S.C.K./C.E.N, site at Mol and at 
Koksijde. The total o and 8 activities were 
measured within five days after the end of the 
collection. In addition, the '°Sr 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 
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35 and 113 uBq.m , and the S activities 
between 0.47 and 880 mBq.rn"3. For the rain
water samples,the mean monthly a activities 
varied between 9 and 50 mBq.l"1. The mean 
monthly 8 activities varied between 0.18 - 261 
Bq.l"1 and the monthly 'uSr activities between 
3 and 320 mBq.l-1. Excluding the months of May 
and June, these values are very similar to 
those measured during 1985 and the activity 
levels at Hoi were not significantly different 
from those observed at Koksijde. 
The highest values observed in these results 
are due to the Tchernobyl accident (see 
below). In the monthly rainwater sample of Hay 
650 mBq.l"1 of 89Sr was observed. 

Food chain 

90Sr and 1 Cs activities were measured in 12 
food samples taken from all over Belgium by 
the I.H.E. The range of 90Sr contamination 
values found are given in Table 7.4.3.2. The 
results were also made available to the 
Radiobiology Department for further analysis. 

Table 7.4.3.2. Extreme values of 90Sr measured 
in samples of the alimentary chain (fra. 
January to June 1986). 

Maximum values Minimum values 

Type of food mBq/kg mBq/g Ca mBq/kg mBq/g Ca 

Milk 115 127 48 52 
Vegetables 470 1860 18 300 
Potatoes (1 sample only) 41 1030 
Flour 126 700 115 600 

Site survey and Nete River bassin 

About 300 samples of surface water from the 
SCK/CEN site were checked for tritium and 134 
for a and S. These results were made available 
to the Health physics Department for further 
analysis. 
Weekly, 1J1I was measured radiochemical!y in 
daily milk sample taken at 4 different loca
tions around the site . 
About 350 routine samples from the Nete river 
basin were checked for global a and 8 
activity, 3H, 90Sr, 226Ra. 

Other Radiochemical Measurements 

A large number of routine control measurements 
were performed on samples from the BR2 and BR3 
reactors and associated facilities, the Waste 
Disposal plant, the SCK/CEN sewers, etc. 

7.4.3.3 Measurements performed fol lowing the 
Tchernobyl accident. 

In normal routine, 24-hours air dust samples 
are taken every day at 9 a.m. On May 2 and 3, 

the filters were changed every hour during the 
day, and every 4 hours during the night. From 
May 3, 9 p.m. to May 8, 9 a.m. the sampling 
period was 12 hours and after that date, the 
daily sampling was reestablished. 
Figures 7.4.3.3.a and 7.4.3.3.b show the a and 
8 activities measured in these air dust 
samples taken during May 1986. The maximum 
activity was observed on May 2 for the sample 
collected between 11 and 12 a.m. The average 
air dust activity in May was for a and s 
respectively 102 pBq.m"3 and 880 mBq.m*3. It 
should be noted that these a and 8 activities 
were resp. comparable and 10 times higher than 
the monthly average activities observed in the 
early sixties. 
In rainwater, the highest activity observed at 
Mol was found in the sample collected on May 6 
but the highest fall-out was observed during 
May 2 and 3. In all, more than 1600 measure
ments were performed during May on air dust, 
rainwater and fall-out samples. 

In the air dust sample taken for spectrometry 
measurement between 9 a.m. and 3 p.m. on May 
2, specific o or e emitters were also measured 
whose results are shown below: 

239,240Pu 25 + 5 uBq m-3 
2 ^ A m <27 + 9 uBq.m"3 
242Cm 80 + 15 uBq.m"3 
90Sr 36 + 2 mBq.m-3 
89Sr 310 + 10 mBq.m"3 

These isotopes were also measured in rainwater 
and total fall-out sample. 
2,4 and 0.55 Bq.l"1 of r&spectively 89Sr and 
9^Sr have been found in milk samples taken in 
the Mol area. 
At the request of different water distribution 
organisms, the 8 or o and s activity of 218 
water samples were measured in emergency (127 
surface water, 67 raw water and 24 drinking 
water samples). The average 8 activity in 
drinking water was 0.77 Bq.l"1 with a maximum 
of 1.9 Bq.l"1-
The highest e-activity measured in water was 
62 Bq.l"1-

Other Radiochemical Measurements 

A large number of routine control measurements 
were performed on samples from the BR2 and BR3 
reactors and associated facilities, the Waste 
Disposal plant, the SCK/CEN sewers, 'etc... 

7.4.4 Interpretation of the environmental 
measurements 

J.P. Culct 

- Field gamma spectrometry with a HPGe detec
tor (10% relative efficiency) has been used 
for the determination of the concentrations of 
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radionuclides deposited on the ground after 
the Chernobyl accident. 

- A previous campaign, in 1984, has shown that 
the simultaneous measurements with the HPGe 
detector and an ionization chamber (REUTER-
STOKES RS-111) provide a reliable estimate of 
the total exposure rate and of the individual 
contributions : natural radioactivity ( K, 
2 2 6Ra, 2 3 2Th) and fallout. -The analysis of 
the spectra taken in June 1986 has shown the 

Çresence of the following nuclides : 103Ru, 
06RU, 131T 1 3 5 C S ,

 1 3 6 C S , 1 3 > C S , ï * W 4 0 L a . 

However, 13*I disappeared at the end of June 
due to radioactive decay. Short living species 
such as c W 9 9 m T c and 132Te+132I has been 
observed at Mol during the month of May 1986. 
The ectivity deposited on the ground has been 
calculated assuming a uniform distribution on 

ground, no correction being made for the 
3s already present i•• the soil from older 

fallout.For instance, it has been found that 
the distribution of the 13'Cs fallout over 
Belgium is quite heterogeneous being higher 
where on May 3, 1986. more important rainfall 
was encountered. 

- A further step in this first analysis was to 
estimate the dose rates and to compare them 
with the values given by the ionization 
chamber. Values given in the table show that, 
at the date of measurement, the contribution 
of the Chernobyl fallout was lower than 
contributions from terrestrial nuclides and 
cosmic ray. 

ESTIMATION OF THE TOTAL EXPOSURE RATE (nGy) 

Location 

CHAUMONT 
TIHANGE 
DION 
DOURBES 
SCHAFFEN 
ZANDVLIET 
DOEL 
KOKSIJDE 
BEITEM 

Terrestrial 

(*) 

12.8 
53.0 
54.7 
50.7 
28.1 
45.4 
49.4 
22.0 
38.9 

Cosmic 
ray 
(**) 

42 
42 
42 
42 
41 
41 
41 
41 
41 

Chernobyl 
fallout 
/**•*) 

9.5 
26.1 
8.0 
5.7 

20.0 
9.1 
5.1 
3.0 
2.4 

Total 

64 
121 
105 
98 
89 
95 
95 
66 
82 

Ionization 
chamber 

71 
126 
111 
107 
89 
$0 
88 
69 
81 

(*) 40K • 226Ra • 232Th 
(**) 1984 result, corrected for variation of athmospheric pressure 
(***) radionuclides uniformly distributed on the ground 

- Methods for mathematical expression of the 
efficiency curve of Ge detectors. 

Results from an international comparison 
organized by the ICRM (ZIJP W.L., POLLE A.N., 
NOLTHENIUS H.J. International comparison of 
interpolation procedures for the efficiency of 
germanium gamma-ray spectrometers. ECN-181 / 
ICRM-S-13) (1986) show that the functions used 
in our section are valuable even when only a 
low accuracy data set is available with a 
relatively small number of calibration values. 
A modified function has been applied to the 
very low energy region between 6 and 300 Kev. 
The function used in the range 30 kev to 3 Mev 
was: 

EFF(E) *(l-ePlE)P2 . (P3E
P4 + P5E

P6E) 

and for the low energy detector: 

EFF(E) »(l-eplE)p2 . P3E
P4 + P5e

P6E 

Where pj to Pc are parameters which are 
calculated by a least square fit to experimen
tal data and E the y-ray energy. 

Î» 



7.4.5 Preparation of radioactivity standards 
(P. Willeborts) 

33 radioactivety sources or solutions have 
been calibrated by absolute activity measure
ment techniques on the following radionuclides 
: 55 F e 68 C o > 85 S r > 133Ba> 137Ls> 152E 

*39Pu. 241Am. 
These sources have been supplied for the needs 
of various services of the CEN. 

7.5 SAFEGUARDS 

7.5.1 Optimization of safeguards measures in 
mixed oxide fuel fabrication plants. 

P. Bemelmans 

The investigation on the optimization of 
safeguards measures in a reference mixed oxide 
fuel fabrication plant has been continued. The 
computerized Model Diagram is based on realis
tic plant data with a supposed nominal 
throughput of 500 kg plutonium and is 
scheduled as Task 1A2 of the Belgian support 
program to the IAEA for safeguards implemen
tation. 

Several scenario's have been investigated, 
taking into account the different steps in the 
material flow through the factory and the 
uncertainties that are involved and finally 
propagated. The model diagram will give at any 
time the expected plutonium amounts and their 
uncertainties per stratum, first for the 
reference case, that has a definite error 
structure, and secondly for any generalized 
case with a varying throughtput and error 
structure. An effort will be made to make a 
synthesis of the different scenario's. 

7.5.2 Measurement technology 

7 .5 .2 .1 Nondestructive measurements of 
isotopic composition of Pu samples by high 
resolution gamma-ray spectroscopy 

P. Fettweis 
H. Meyer, F. Quik (CBNM) 
Study contact 84 - 65, CEN/SCK 4280 17/449. 

In order to give a wider appl icab i l i ty to the 
use of the CBMN Pu-reference samples made 
out of Pu of d i f ferent burn-ur ( 6 1 , 70 and 84 
% of ^ P u ) thev have been used not only to 
propose biased " * P u gamma branching ratios as 
described in the preceding semi-amual report 
(BLG 584), but also to derive two sets of 
correction factors for the isotope ratios 
determined by high resolution gamma-ray 
spectroscopy (table 1 ) . These l a t t e r can be 
used to correct systematic errors due to 
unprecise nuclear data, but also to correct 
other systematic error sources as e.g. count 
rate and peak integration methods. They have 

also been applied to measurements performed 
on samples made out of Pu-material, identical 
to the one of the reference samples but 
measured with an experimental set-up 
d i f ferent than the one used for the 
cal ibrat ion runs ( table 2 ) . 

Table 7.5.2.1a Experimental correction factors 
for the determination of isotope rat ios 

Isotope Correction factor 
Ratio 61% 70% a b 

MEAN 84% 

238/241 0.969 0.971 0.970 0.969 
239/241 0.994 0.996 0.995 1.015 
240/241 0.883 0.876 0.880 0.997 
Am/241 0.944 0.971 0.958 0.896 

a)Mean value used for high burn-up material 
b)For low burn-up material. 

Table 7.5.2.1b Isotopic composition of 
reference sample materials measured with an 
experiment set-up different from calibration 
measurements. Gamma-versus-MS results from 
uncorrected and corrected isotope ratios are 
given. The correction factors are taken from 
table I ( a for the 61 and 70, b for the 84% 
samples) 

ISOTOPE RATIO GAMMA/MS 
ISOTOPE 

61% Pu 239 70% Pu 239 84% Pu 239 
a b a b a b 

238/241 0.965 0.995 0.965 0.995 0.961 0.992 
239/241 0.987 0.992 0.988 0.993 1.009 0.994 
240/241 0.896 1.018 0.872 0.991 0.983 0.986 
Am/239 0.926 0.966 0.914 0.954 0.845 0.943 
Pu 238 1.002 0.996 0.999 1.002 0.956 0.999 
Pu 239 1.025 0.993 1.023 1.001 1.004 1.001 
Pu 240 0.930 1.019 0.903 0.998 0.983 0.978 
Pu 241 1.038 1.001 1.035 1.007 0.995 1.007 
Am 241 0.949 0.960 0.934 0.954 0.849 0.945 

a: uncorrected values 
b: corrected values. 

7.5.2.2 Uranium-waste measurements with the 
PHONID-3 device 

G. Smaers, M. Aparo (E.N.E.A.-Roma), 
P. DelTOro (J.R.C.- Ispra), L. Lezzoli 
(Ü.R.C.- Ispra) 

A series of laboratory measurements was 
carried out at JRC-Ispra in view of the 
application of the PH0NID device for U waste 
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assessment. These measurements continued 
the preceding campaign on the same subject 
that was carried out at 5CK/CEN Mol. Four 
matrices were investigated : 
- packing chips 100 g per drum, less than 
5.10"3g/cm3 

- light polyethylene (P.E.) turnings 2080 
g/drum, less than 0.10 g/cm3 

- heavy P.E. turnings 3900 g/drum, less than 
0.18 g/cm3 

-P.E. granules (microspheres) 10790 g/drum, 
0.50 g/cm3 

As far as the neutron filters are concerned, 
i.e. the moderator of the primary neutron 
flux, some P.E. slabs were introduced in the 
measuring cavity between the source and the 
sample, quite the same way as in the preceding 
experiments. 
The thicknesses taken into consideration were 
within 0 and 6 cm. 
Table 7.5.2.2a shows the net response, norma
lized to the net reference standard counts, 
versus the P.E. filter thickness for 0.8951 g 
U5 in mid position for the four matrices. The 
calibration curves were built for all the 
motrices with different P.E. filter thick
nesses and for the U bags in different posi
tions. The results obtained show very well 
that there is no filter thickness for which 
the response of the system is the same for all 
the matrices. If granules were discarded, 
because of too high density, a 4 cm P.E. 
filter would allow a unique calibration curve. 
Another possible solution may be to perform 
two measurements for each sample in order to 
state the effective thickness of the mode
rating matrix.Results of the ratios of the 
response at 0,1 and 2 cm P.E. filter for the 
four matrices are shown in table 7.5.2.2b. 

With the use of an appropriated filter the 
counting times can be reduced because at least 
one of the two measurements is always per
formed in the best counting conditions, 15 
minutes of total counting time can alway be 
foreseen. The next step is double: continua
tion of laboratory experiment with real and 
simulated waste and a theoretical study for a 
fine investigation of the role of different 
parameters. 

7.5.2.3 The nondestructive assay of spent fuel 

R. Carchon, G. Smaers, G.P.D. Verrecchia,(DCS-
EuratomLuxemburg), R. Arlt (IAEA-Vienna), G.E. 
Bosler (LANL.Los Alamos, U.S.A.), J. Satinet 
(Tihange Nuclear Power station). 

The ION 1 data, obtained at Tihange 1 nuclear 
power plant have been further analyzed. The 
244Cm factors have been calculated with the 
help of the 8UNEC0 code, developed at the 
Nuclear Power Plant Research Institute 
Jaslovské Bohunlce (CSSR) for the WWER/440 

light water reactor. The comparison of this 
reactor with Tihange 1 is not perfect but it 
is expected that the 2 4 x m factors produced 
would be of the same order. A computer code, 
specific for a Westinghouse design reactor is 
being developed. The irradiation history 
concerning power days and cooling days are 
used as input to the programme. By using 
ifferent power ratings the contribution of 
* x m can be calculated for different burn-up 
values related to the initial enrichments of 
the WWER/440 reactor fuel. 
A normalization of the initial enrichments to 
an arbitrary reference value of 3.1 % has been 
made with the same programme. 
Based on the corrected neutron counts, burn-up 
values could be predicted within 4 %. Taking 
only the 3.1 % enriched assembles into 
account, a still better value is obtained. 
This fact indicates that calibrations must be 
either made for each initial enrichment or 
that further work must be carried out to 
produce factors that could normalize the Z440m 
contribution for different enrichments. 
The prediction of the Pu-content, based on ;he 
same corrected neutron values have given 
similar results, although some slightly 
exceeded the 5 % value. Anyhow, the procedure 
that has been followed for the data treatment 
proved to be successful to predict burn-up and 
Pu-content.The results have been published as 
BLG-589 but further research is going on in 
connection with the '*4Cm factor and the 
initial enrichment normalization. 

7.5.2.4 The use of the neutron coincidence 
collar for the measurement of low enriched 
uranium elements. 

P. De Baere, G. Smaers, R. Carchon, 
R. Zarucki (IAEA fellow) 

The main purpose of this measurement campaign 
was the field test and calibration of four 
Euratom neutron coincidence collars (NCC), 
normally used for the verification of low 
enriched uranium (LEU). The measurements were 
performed, first at the Venus facility on a 
fuel element mock-up and at FBFC on real 
17 x 17 fuel elements, having a comparable 
geometry. The latter permitted a calibration 
as a function of enrichment,that varied from 
1.8 % to 3.25 %, while the former allowed a 
high flexibility for pin removal and enabled a 
sensitivity check on the effect of pin remo
val. This case moreover was completed by 
looking at the influence of neutron absorbers, 
especially 84C, as well as stainless steel 
rods. The influence of Cd liners at the inner 
side of the collar was highlighted. The 
measurements, performed at Venus during the 
exercise were: 

1. background and normalization runs 
2. passive and active measurements on a full 



assembly and the influence of pin removal and 
of absorbers. 

At FBFC 12 fuel assemblies were measured with 
4 NCC's, each of them having his own Am-Li 
source. An exchange of the sources allowed 
investigation of the neutron colla, 
performance as a function of source strength. 
Data analysis is going on in order to find 
empirical relations between the measured 
neutron coincidence count rate and the uranium 
enrichment, taking the source strength into 
account. An attempt will be made to quantify 
the influence of pin removal and the influence 
of neutron absorber rads in a fuel assembly. 

7.5.2.5 The use of a high level neutron 
coincidence counter (HLNCC) in a MOX plant 

R. Carchon, G. Smaers 

Serious difficulties were encountered in the 
data analysis of the HLNCC II measurements. 
The Total and Real Neutron Counts, as outputs 
of the measurements, were computer fitted to a 
quadratic function against '4"Pu effective 
mass, defined by 
Z40Pu eff - 2.49M(238) + M(240) + 1.57 H(242) 
where M(i) means the mass of the 1* isotope. 
The Z40Pu effective mass was reintroduced into 
the fitted curve and th» calculated counts 
were compared with the measurement results. 
Deviations as high as 20 % can appear, in the 
cases where the neutron counts are considered 
as known quantities, and where the uncertainty 
on the Pu-mass is to be determined. The higher 
masses demonstrate a considerable scatter 
around the fitted curve. The mixed oxide (MOX) 
samples that were measured varied considerably 
in Pu-isotopic composition and mass, in Z 3 5U 
mass and enrichment. 

As neutron multiplication certainly occurred 
in high mass containers, a correction had to 
be applied. Other factors that affected the 
neutron balance in HLNCC type experiments were 
(alpha,n) contaminants, the hydrogen content 
in the samples, the container wall effects, 
the influence of uranium, the sample geometry, 
the density difference, inhomogeneities and 
neutron poisons. 
All these parameters had to be analyzed 
carefully, trying to find any systematic 
behaviour among th<- samples. Data analysis is 
going on. 

7,5.3 Safeguards Traineeship Programme 

M. Nève de Mévergnies, M. De Proost, R. 
Carchon 

The purpose of the programme is to increase 
the number of qualified candidates, that can 
join the IAEA safeguards inspectorate. The 
whole programme takes one complete year and 

SCK/CEN is involved for the part " Practical 
experience at selected facilities ", that will 
take four months. 

Theoretical courses have been taught to the 
Trainees for them to acquire a detailed 
knowledge concerning the concept and exploita
tion of installations. Topics treated are 
nuclear physics, radioisotope production, 
safety and protection, radiochemistry, fissile 
material control with destructive and non 
destructive assay methods, reactor physics, 
research reactors, fuel management and accoun
ting, plutonium recycling, nuclear chemical 
engineering and nuclear waste management. 
This course will be completed by visits to 
existing nuclear facilities inside Belgium. 
Half of the progr^-nme finished a transit-
evaluation has bee' ncluded. At the end the 
trainees have to make some personal task at 
their own choice, but related to one of the 
topics of the theoretical courses. Ten trai
nees of developing countries all over the 
world have attended the course. 

7.6 OTHER PROGRAMMES 

7.6.1 LASER Isotope Separation 
M. Nève de Mévergnies 

Multiphoton dissociation of CF3Br 

The analysis of our previous results has been 
completed and presented together with the 
CF,C1 results at the International Symposium 
on Optical and Opto-electronic Applied 
Sciences and Engineering, Conference on Laser 
Applications in Chemistry, from the 2 to the 6 
June 1986 in Québec, Canada. The following 
abstract has been given : "Multiphoton disso
ciation of CF3CI and CF38r induced by CO? 
laser pulses has been studied in the (0.1 - 60 
Torr) pressure range and (5 - 30 joule/cnr) 
average energy density range. The laser was 
adjusted on 1071.9 cm*1 and 1052.2 cm"1, 
resp., so as to excite preferentially the " C 
isotopic molecules. The effects of pressure 
and energy on the Isotopic selectivity have 
been measured and a remarkable difference has 
been found between the two molecules. As far 
as the dissociation probabilities are con
cerned, they vary exponentially with the 
inverse of the energy. The applicability of an 
Arrhenius-type relation is discussed and 
semi-quantitatively justified." 
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SCK/CEN SEMINARS 

24.4.1986 
Experimental possibilities at the Leuven isotope separator on-line 

M. HUYSE (K.U.L.) 

17.6.1986 
Current aspects of multielement analysis in the l i f e sciences 

S. MICHEL (Zentraleinrichtung fiir Strahlenschutz, Università't HANNOVER) 

PUBLICATIONS 

Laboratory measurements for U-waste assessment with Phonid Device. 

M. Aparo, P. Dell'Oro, L. Lezzoli, G. Smaers. 

Report FMM 119 - JRC - Ispra. 

NDA measurements on spent fuel assemblies at Tihange 1 by means of 

the ION 1/FORK. 

R. Carchon, G. Smaers, G.P.D. Verrecchia, R. Arlt, 

I. Stoyanova, G.E. Bosler, J. Satinet. 

BLG-589 (June 1986) 

Reprocessing Input Tank Calibration Exercise (RITCEX) 

R. Carchon, P. De Regge, F. Franssen. 

BLG-588 (June 1986) 

Accident of Chernobyl. Report of the measurements from 1 to 31 May 1986 

SCK/CEN Working document 86-675. 

13 
Infrared Multlphoton Dissociation of CFjCl Induced by COg Laser Pulses 

M. Nève de Mévergnies 

Appl. Phys. B 41, 61-68 (1986) 

151 
Low-energy level structure of Sm by neutron capture reactions and 

theoretical interpretation 

G. Vandenput, P.H.M. Van Assche, L. Jacobs, J.M. Van den Cruyce, R.K. 

Smither, K. Schreckenbach, T. von Egidy, 0. Breitlg.H.A. Baader, H.R. Koch, 

Phys.Rev.C33 (1986)'1141 

Triton and alpha emission in the thermal neutron induced ternary fission of 

2 3 3U, 2 3 5U, 2 3 9P. and 241Pu 

C. Wagemans, P. D'hondt, P. Schlllebeeckx, R. Brlssot 

Phys. Rev. C33, 943 - 953 (1986) 
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Nuclear Data for Basic and Applied Science 

Proceedings of the International Conference, Santa Fê, U.S.A. 

13-17 Nay 1985, published in'Radiation Effects" volume 92-96, 1986. 

-Double-differential neutron-emission cross section for the Li(n,Xn) 

reaction between 1.6-16 MeV 

E. Dekempeneer, H. Liskien, L. Mewissen, F. Poortmans Rad. Eff. 92, 133-137 

(1986) 

-The production and measurement of ultra-short intense electron and 

neutron bursts at Gelina 

H.K. Böckhoff, F. Poortmans, J.M. Salome, Rad. Eff., 95, 281-284 (1986) 
207 -Doorways in the reaction Pb + n 

R. Kohier, L. Mewissen, F. Poortmans, S. rtaman, J.A. Wartena, H. Weigmann 

Rad. Eff., 94, 231-234 (1986) 

-High resolution neutron capture and total cross section measurements 

of 50Cr, 5 2Cr and 53Cr 

A. Brusegan, R. Buyl, F. Corvi, L. Mewissen, F. Poortmans, G. Rohr, R. 

Shelley, 

T. Van der Veen, I. Van Marcke, Rad. Eff., 13, 297-304 (1986) 

-Subthermal fission cross-section measurements 

C. Wagemans, A. Deruytter, Rad. Eff. 93, 163-168 (1986) 

Proc. of the "Seminar on Fission', Pont d'Oye, Habay - la Neuve, May 1986 

C. Wagemans (ed.) 

BLG 586 

- How fission was discovered 

P. Van Assche 

p. 13 

- Fission fragment energy and mass distributions in the spontaneous fission, 

of the Pu - isotopes 

P. Schillebeeckx, C. Wagemans, A. Deruyter, R. Barthélémy 

p. 124 

Neutron induced ternary fission 

C. Wagemans, P. Schillebeeckx, P. O'hondt, J.P. Bocquet, A. D'Eer 

p. 78 

- 3*udy of the Pu (n*n.f) fragments with Cosi Fan Tutte 

P. Schillebeeckx, C. Wagemans, P. Geltenbort, A. Oed, F. Gönnenwein 

p. 130 



CONTRIBUTIONS TO CONFERENCES 

International Conference on Fast Neutron Physics, Dubrovnik, 26-31 Mei, 1986 

- A spectrometer for double-diffe-ential neutron-emission cross section 

measurements. 

E. Dekempeneer, H. Liskien, L. Mewissen and F. Poortmans. 

Belgian Physical Society, General Scientific Meeting, Brussels, June 5-6, 

1986. 

- Neutron capture gamma ray studies around the BR2-reactor at Mol 

P. Fettweis, P. Van Assche, A. Spits, E. Kaerts, J.C. Dehaes, R. Nol t e , 

F. Schroder, D. Nowodny, P. Rullhusen, F. Smend and M. Schumacher. 

International Symposium on Optical and Optoelectronic Applied Sciences and 

Engineering Conference 669 - Laser Applications in Chemistry. 2 - 6 June 

1986, Quebec City, Canada. 

- Multiphoton dissociation of CF-C1 and CFJJr under CO- laser pulses 

M. Nève de Mévergnies 

Nuclear Energy of Today and Tomorrow 

Fourth International ENS/ANS Conference, Geneva, June 1 - 6 , 1986 
14 

- Groundwater dating by C ir> the vicinity of a clay potential repository for 

radioactive waste disposal 

P. del Marmol, G. Koch, M. Monsecour and J . Patijn 
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8.2 MINERAL CHEMISTRY 

8.2.1 Analytical support to SCK/CEN R & D 
activities 

Some 2800 samples have been analysed during 
the past six month period. Whenever possible, 
instrumental methods were used for cation, 
anion, carbon, oxygen or nitrogen determina
tion. Among those methods, mention should 
made of atomic absorption and atomic emission 
spectrometry, ion chromatography and specific 
carbon, nitrogen or oxygen analysers. 

Thermal ionisation mass spectrometry 
(T.I.M.S.) has been widely used for the 
determination of isotopic composition as well 
as for elemental concentration analysis by 
isotopic dilution, particularly for nuclear 
fuel control, burn-up analyses and certifica
tion of reference materials. Inductively 
Coupled Plasma Atomic Emission Spectrometry 
(ICP/AES), because of its high throughput, was 
preferred for elemental analysis in soluble 
samples. Atomic Absorption Spectrometry with 
Electrothermal Atomlsation (AAS/ETA) or with 
Hydride Generation (AAS/HG) was preferred when 
the necessary detection limits had to be 
lowered by an order of magnitude or more. 
DC-arc or spark atomic emission spectrography 
with film recording of the spectra, was still 
used for rapid panoramic analysis of solid 
samples and for analyses in glove boxes. 
Anion determinations were performed mainly by 
direct ion chromatography of liquid samples. 
Solid samples were previously treated either 
by pyrohydrolytic extraction or by carbonate 
fusion. Wet chemical methods were still 
applied for specific cases. They include all 
the methods necessitating long preparative 
procedures like separations by chromatography, 
liquid-liquid extraction, distillation, etc. 
leading to the final determination of the 
species by titration, electrochemical measure
ments or spectrophotometry. 

The laboratory for the analysis of low 6 Y 
radioactive samples has been completed with 
the Installation of a fume hood for sample 
preparation and a QIC (Dlonex) type 
ionchromatograph for anion determinations. 
With the ICP spectrometer which was already in 
use, this unit 1s now suitable for most of the 
analyses needed for reactor water and reactor 
vessel surveillance. 

process, the characterization of bitumized 
waste and incinerator products as well as 
for the safety evaluation of underground 
radioactive waste disposal in clay. 

- Reactor water surveillance : quality control 
was regularly performed on water samples 
from BR2 and BR3. 

- Oxide dispersion strengthened ferritic 
steel : the elemental composition of the 
basic material and eventual contamination of 
the surface of manufactured pieces were 
determined during and after the manufactu
ring processes. 

- Reactor vessel surveillance : sponsored by 
Electronucléaire, has led to the development 
of a preparation procedure for the analysis 
of Cu, N1 and Mo in irradiated vessel steel. 

- Support to industry : many analyses have 
been performed for BN, FBFC, Belgoprocess 
and other local industries, in the framework 
of general or specific contracts. 

- Certification of reference materials : 
covered by contracts with CBNM and BCR. 

The requested determinations are project 
dependent and are therefore defined by the 
customer, whereas the choice of the most 
appropriate method for the analysis is made by 
the Analytical Chemistry. The analytical 
technique used and samples interrelation is 
given in table 8.2.1. 

Table 8.2.1 
method 

Distribution of the analyses by 

Method 

AAS 
ICP/AES 
arc/spark AES 
XRFS 
Wet chemical methods 
Ion chromatography 
TIMS 
Physical Methods 

To.il 

Number of 
samples 

144 
1213 
153 
48 
348 
280 
211 
444 

2836 

Number of 
determinations 

145 
4940 
1669 
182 
559 
1009 
352 
575 

94,31 

The amount of analyses performed has been 
particularly important fo<» : 
- Radioactive residue treatment : partly 
covered by contracts with CEC and with 
NIRAS/ONDRAF; analyses were needed for the 
evaluation of the waste vitrification 

Figure 8.2.1 Is based on a weighted mean of 
the number of samples received and the number 
of determinations requested. It reflects, 1n 
practical terms, the amount of work Involved 
in each programme. 

http://To.il


A Fast Reactors 
B Water cooled 

Reactors 
D Radioactive Wastes 
E Nuclear 
Metrology 

F Fusion 
K Oriented Fundamental 

Research 

L Environment 
N Energy applications 
P Industry 
R BR2 reactor and 
Technology 

W Waste 
Z Work on request 

Figure 8.2.1 
project 

Distribution of the analyses by 

8.2.2 Analysis of alloying elements 1n 
reactor vessel steel with ICP/AES. 

L. Vandevelde 

Some 8 samples from irradiated test pieces of 
welded reactor vessel steel have been analy
sed. In order to lower the radiation from the 
sample, Cu and N1 were separated from the bulk 
in the LHMA facilities, using an ion-exchange 
procedure developed by Analytical Chemistry. 
The ICP/AES measurements coincide with the 
figures obtained previously by electron 
microprobe analysis on the same samples. The 
slight bias which is observed is probably due 
to 1nhomogene1t1es between the local zones 
analysed by microprobe and the bulk samples 
dissolved for ICP measurements. 

A tentative method 1s presently being studied 
by ICP/AES to determine the phosphor 
concentration in steel. A direct measurement 
of the P emission Unes 1n the dissolved 
sample is made Impossible by strong spectral 
interferences from the matrix. The 
chromatographic separation method described by 
McLeod e,a. [1] was difficult to apply as a 
batch procedure on radioactive samples. An 

indirect method, based on the precipitation of 
phosphor as its phosphomolybdate complex, 
followed by the determination of Mo in the 
precipitate seems easier to use. The 
separation procedure can readily be performed 
in a shielded zone, and, moreover, measuring 
the No emission lines instead of the P lines 
increases the main sensitivity by about 2 
orders of magnitude. 

8.2.3 Chemical survey of waste effluents. 

I. Delespaul, J. Remy-Oefraigne, 
L. Vandevelde 

Waste effluent samples arising from monthly 
produced batches are analysed for their 
residual content of pollutants. 
The cation content is mainly determined by 
ICP/AES, whilst anions are srilysed by 
i on-chromatography. 
More specific methods are used whenever the 
sensitivity of the above mentioned techniques 
is insufficient to meet the regulation 
requirements concerning effluent release in 
rivers. 
Atomic absorption spectrometry is used for the 
determination of Hg by the ccld vapour tech
nique, and for the analysis of Se, As and Sb 
by hydride generation. 
Uranium is measured by UV fluorescence 
spectrometry. 
Nitrites are determined by spectrophotometry, 
as are chromate and phosphate ions. 
Ion sensitive electrodes are used for the 
determination of cyanide and ammonium ions. 

The knowledge of the amount of complexing 
agents in the effluents before their treatment 
1s very Important since most of the purifica
tion steps are based on the precipitation of 
the pollutants. A titrlmetric method with 
thorium salt has been developed for this 
purpose. The method 1s not specific and 
evaluates the "overall complexing power" of 
the solution, all results being expressed as 
EDTA equivalent concentration. In clear 
solutions, the method 1s suited for concen
trations ranging from 50 to 20000 mg/1 EDTA 
equivalent, with a relative precision of 1 % 
or better. For deep coloured process solu
tions, the relative precision 1s lower and the 
measuring range limited to ihe higher levels. 

8.2.4 Analysis of detergents in waste 
effluents. 

J. Remy-Defra1gne 

Among the pollutants to be controlled before 
effluent release in rivers, detergents have to 
be considered as a specific case. Depending 
on the characteristics of their functional 



groups in aqueous solution, they are generally 
classified as anionic, cationic and non-ionic 
detergents. Each group, in turn, comprises as 
many products as the bewildering number of 
possible organic chains. Analytical methods 
are thus generally based on the specific 
properties of each functional group and the 
results are expressed by comparison with an 
arbitrarily selected component. 
Since the choice of the method - and of the 
reference compound - varies with the authors 
and with the specific case they have to solve, 
it is practically impossible to find a 
universal method in the literature. Keeping 
in mind that a mixture of anionic and cationic 
detergents can give rise to non-ionic species, 
the choice of analytical method was thus based 
on the relative operation simplicity, the 
widespread use of the method and the 
availability of the reference components. 

8.2.4.1 Anionic detergents 

The method adopted, described by Rodier [2], 
is the so called "methylene blue method". In 
the presence of methylene blue dye, anionic 
detergents form a soluble complex, extractable 
with chloroform, which is measured by 
coiorimetry. Calibration was performed with 
sodium laurylsulfate, an easily available 
product which is further used by the competent 
national institute IHE. The method is rather 
tedious and necessitates no less than 8 
consecutive liquid/liquid extractions. 
Analytical results ranged from the detection 
limit, 0.1 mg/1 to 3.9 mg/1 equivalent 
Na-laurylsulfate concentration. 

8.2.4.2 Cationic detergents 

Two colorimetric methods were investigated : 
- the chloroform extracted complex with 

d1sul fine blue dye, standardised with 
Hyamine 1622. 

- the chloroform extracted complex with 
bromophenol blue, standardised with cetyl-
methy1 ammonium bromide. 

The second method gave the most reliable 
results during the standardisation but 
revealed no presence of cationic detergents in 
the samples. 

8.2.4.3 Non-1on1c detergents 

The Wickbold method [3] was used, which seems 
still to be the most "universal" nwthod yet 
described. Non-ionic detergents are extracted 
in butanol, evaporated to dryness and 
dissolved again in water. The tensloactive 
substances are precipitated with bismuth salts 
and separated by centrifugatio.1 or filtration. 
After decomplexatlon and solubilization, the 
81 concentration is determined by spectropho

tometry, and the analytical results are 
expressed in mg Bi/1. Values observed ranged 
from 0 to 13.6 mg Bi/1. 

8.2.5 Determination of thiourea in electro
plating baths 

J. Remy-Defraigne 

In the framework of the support to industry 
activities, a request was received by SCK/CEN 
to develop a simle method to follow up the 
exhaustion of the basic components in an 
electro-plating bath containing nickel, 
cobalt, sodium acetate, sulfate and thiourea. 
The Ni and Co content can easily be determined 
by spectrophotometry at 396 and 517 ran 
provided the amount of degradation products 
remains low. 
Thiourea was first determined by a two-step 
measurement of sulfate ions. The untreated 
sample was first measured by ion chromato
graphy. Another part of the sample was 
oxidized with bromine and the sulfate ions 
foroed by the decomposition of thiourea, were 
then determined by difference during a second 
ion chromatographic measurement. 
It soon appeared that thiourea could be 
determined by spectrophotometry in the UV 
region (236 ran), provided the sample was 
diluted 10000 times to avoid interference from 
the other components. As it can be seen on 
figure 8.2.5, the measureble concentration 
range is situated between 1 and 10 mg/1 (i.e. 
from 10 to 100 g/1 in the undiluted sample). 
This method is much faster and as accurate as 
the previous one. 

8.2.6 Isotopic analysis of gadolinium in 
irradiated fuel 

R. Boden 

As already stated in the previous report (8L6 
584), the isotopic analysis of gadolinium in 
irradiated fuel was subject to Interference 
from other species 1n the matrix. 
However the so-called "silicagel- H3P04" 
technique gave reliable results for specpure 
natural gadolinium oxide (JMP G d ^ ) , the 
bak1ng-out of Impurities in real sa<np1es 
proved to be too time consuming to be applied. 
An alternative method, half way between the 
single and triple filament Ionisation 
technique, yielded more acceptable results. 
Both the center and side filaments are heated 
to about the same temperature (3-3.2 A for the 
center filament ; 3.2 - 3.5 A for side 
filai.ants). The baking-out of the interfering 
species 1s followed by scanning the mass 
spectrum and the measurement of the GdO+ Ions 
can be performed after 20 to 120 minutes. 
The isotopic analysis of gadolinium in irra-
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of abundances . 
•R*Gd"0) 

diated U02-Gd203 fuel gave 
0.04 X and 0.025 X for masses 171 ( 
and 173 (157Gd160) respectively. Before 
irradiation, those abundances were 14.7 X and 
15.7 X respectively. 

too 

Figure 8.2.5 : Absorption spectrum of thiourea 
Concentration range from 1 to 10 mg/1. 

8.2.7 Mass spectrometry determination of 23^U 
at trace level in uranium 

R. Boden 

235„ The accurate determination of '""U at a level 
of about 10 ppm in uranium required a special 
technique. 
The samples were spiked with a known amount of 
high enriched 2 3 3U, the contribution of which 
to Z 3 5U concentration was negllgable, to 
obtain |,/atio 2 3 3U/ Z 3 8U of about 1/500 (and 
thus c 2 3 5u/ Z 3 3U ratio of about 1/200). 

Both ratios can be measured by mass 
spectrometry with an accuracy of 1 % provided 
an appropriate background correction is made 
for the 2 3 5U peak. 
Six samples were analysed with both available 
mass spectrometers, giving the following 
results : 11.6 + 0.4 ppm 23=U (MM30) 
and : 12.0 + 0.2 ppm 2 3 5U (VG354). 

8.2.8 Analysis of heavy metals on glass fibers 
by ICP/AES 

I. Delespaul 

In the framework of the environmental survey 
of pollutants release by industries, glass 
fibre filters are used to collect aerosols 
directly in the chimneys of the factories. 
Since the necessary detection limits are low, 
it is unavoidable to dissolve the elements 
captured on the glass fibres. 
The following extraction procedure proved to 
be efficient for this purpose. The Soxhiet 
glass filter "thumb" is placed upside down in 
a high shaped beaker and moistened with 10 ml 
HN03 cone, and 25 ml H20. The beaker, covered 
with a watch glass, is warmed up for 10 
minutes, until the filter material has 
weakened enough to be crushed to pulp with a 
glass rod. After boiling for 1 hour, the 
beaker is allowed *o cool and the pulp and 
solution are transferred to a 50 ml Injection 
syringe. The solution is pressed out of the 
pulp into a 50 ml volumetric flask and diluted 
to the mark to be further analysed by ICP/AES. 
The detection limits obtained by this method 
are 5.10"'g/filter for Zn and Cd and 
5.10~6g/fmer for Sn and Pb. 
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8.3 ORGANIC CHEMISTRY 

8.3.1 Contract activities with 0VAM 

8.3.1.1 Analyses requested by 0VAM 

V. Corthouts, J. Vandersteene, T. Rymen 

All analyses performed upon request were 
related to the characterization of liquid and 
solid wastes. The parameters to be determined 
1n order to allow adequate classification, 
have been described extensively 1n the pre
vious report. 



The data regarding sample types and numbers of 
samples are summarised in figure 8.3.1.1a and 
compared with the data for the previous 
period. In figure 8.3.1.1b, the same 
comparison is made for the various types of 
parameter determinations. 
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Several tests, regarding waste incineration 
studies, required analyses of organics present 
in the off-gases. In one experiment, total 
hydrocarbon contents were determined by flame 
ionization detection without compound 
separation. Another experiment required the 
quantitative determination of polychlorinated 
biphenyls, polychlorodibenzo(p)dioxines and 
polychlorodibenzofuranes present in off-gases 
when incinerating PCB-containing waste. The 
methodology used here was based upon the 
know-how acquired from previous projects in 
the same area and essentially relied upon the 
use of combined gas chromatography - mass 
spectrometry as analytical techniques. 
In addition to monitoring work, several 
experiments were carried out in order to set 
up a recommended method for the determination 
of chlorinated hydrocarbons in waste samples. 
The completion of this study is sheduled for 
the end of 1986. 

8.3.2 Contract activities with BCR 

8.3.2.1 Reference Gasses of CO and NO in 
nitrogen 

E. Goei en, T. Rymen 

BCR contract nr 1537/1/9/179/83/6-BCR/B 

This contract involves the follow-up of four 
batches of calibration mixtures of CO in Ng, 
and one batch of NO In N2, for stability and 
homogeneity. The exact details of this task 
have been given in the previous report. The 
measurements, after one year of storage, 
indicate excellent stability and homogeneity, 
as shown in the table 8.3.2.1. 

Table 8.3.2.1. 

Figure 8.3.1.1a : Illustration of numbers of 
samples and sample types received in 1985/1 
and 1986/1. 

8.3.1.2 Chemical analyses in view of R & 0 
activities for 0VAM 

J. Vandersteene, T. Rymen 

Within the task dealing with the aspect of 
waste repository reorganisation, identifi
cation analyses were performed on 38 water 
samples and 10 soil samples. A11 Identifi
cations were based upon analysis by combined 
gaschromatography-mass spectrometry. 

Component 

CO 
CO 
CO 
CO 
NO 

Certified (*) 
concentration 

9.63 + 0.03 ppm 
50.2 + 0.2 ppm 
500.9 + 1.5 ppm 
4.483 + 0.013 % 
95.7 + 0.4 ppm 

Readings after 
one year of 
storage (-) 

9.63 + 0.01 ppm 
50.20 + 0.01 ppm 
500.9 + 0.1 ppm 
4.483 + 0.002 % 
95.7 + 0.1 ppm 

(*) standard deviations calculated over the 
different certifying laboratories 

(-) standard deviations based upon analysis of 
14 random samples by SCK/CEN 



to BCR shortly. Under the sane contract, the 
stability of the mixtures will be checked for 
a period of six months so that the materials 
will become available for certification late 
1987. 
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Figure 8.3.1.1b Illustration of the 
evolution of parameter determinations. 

8.3.2.2 Reference gases of SOj in synthetic 
air 

E. Goelen, T. Rymen 

BCR contract nr 2231/1/9/235/85/6- BCR-B 

BCR plans to provide certified reference gas 
mixtures of SO2 in synthetic air at concen
tration levels of 400 and 100 ppb. Obviously, 
possible problems of batch preparation, 
concentration dete-m1nation and «tabllity 1n 
time must be anticipated before turning to the 
certification exercise. Within this context, 
SCK/CEN was responsible for the setting up of 
an approved analytical procedure for SO? 
determination at sub-ppm levels. The final 
report has been finished and will be sent 

8.3.2.3 Initial purity analysis and 
Certification of Reference Materials 

T. Rymen 

BCR contract nr 2264/l/5/274/85/8-BCR-B(10) 
BCR contract nr 2268/l/5/245/85/8-BCR-B(10) 

The analyses to be performed within these 
kinds of contracts, together with the purity-
and homogeneity criteria imposed upon the 
compounds synthesised, were described in 
detail in the previous report. 

During the period covered by this report, the 
following compounds were tested for their 
initial purity : 
- benzo(b)naphtho(l,2-d)furane (Fig. 8.3.2.3a) 
- benzo(b)naphtho(2,l-d)furane (Fig. 8.3.2.3b) 
- benzo(a)fluorenone (Fig. 8.3.2.3c) 
- 6H-benzo(c,d)pyren-6-one (Fig. 8.3.2.3d) 

Additionally, homogeneity tests were performed 
on the standard batches of : 
5-methylchrysene 
1-nitropyrone 
3-ni trof1toranthene 
1-nitronaphthalene 
2-nitro-7-methoxynaphtho(2,l-b)furan 

A contract for the certification of 
compounds was received and carried out. 

these 

The purity results obtained by SCK/CEN, were 
forwarded to BCR where they are now being 
evaluated together with those obtained by the 
other participating laboratories. 

8.3.2.5 First ring test on the quantitative 
determination of polychlorodlbenzo(p) dioxines 

BCR intends to make available a real sample 
that has been certified for its PCDD-and 
PCDF-content. 

Initially, in order to tackle the problems of 
such certification logically, four solutions 
were submitted to the participating 
laboratories for isomer specific quantitative 
analysis. Each of these solutions contained a 
number of PCDD-isomers 1n the range from 30 to 
80 ppb. The Isomers were combined in such a 
way as to yield samples with Increasing 
difficulty regarding isomer separation, 
especially for the 2,3,7,8-TCOD Isomer. The 
results obtained by SCK/CEN for this Isomer, 
relative to the overall average for all 



Fig. 8.3.2.3a : benzo(b)naphtho(l,2-d)furane Fig. 8.3.2.3b : benzo(b)naphtho(2,l-d)furane 

Fig. 8.3.2.3c : benzo(a)f1uorenone Fig. 8.3.2.3d : 6H-benzo(c,d)pyren-6-one 

laboratories and the theoretical values are 
summarised in the table 8.3.2.5 in which 
isomer separation difficulty increases with 
sample number. 

Table 8.3.2.5 

Sample 
number 

1 
2 
3 

SCK/CEN 
resul t ( * ) 

4 3 + 3 
3 3 + 2 
3 2 + 2 

Overall 
average(*) 

44 + 9 
3 1 + 9 
3 1 + 8 

Theoretical 
value(*) 

40 
30 
30 

(*) in ng/ml 

8.3.3 Analytical support to SCK/CEN projects 

T. Rymen 

The analytical support dealt with in this 
chapter, is related to internal SCK/CEN 

programmes and to contracts under the 
responsibility of other sections or 
departments. 

All together, 236 samples have been analysed, 
which resulted in 3225 determinations of 
elemental or molecular constituents. The 
diagram In fig. 8.3.3 Illustrates the relative 
distribution of these activities over the 
three analytical disciplines Involved. The 
calculations were based on numbers of determi
nations. 

Services rendered in the field of elemental 
analysis are explicitly related to spark 
source mass spectrography. Analyses, perfor
med during this period, were almost exclusi
vely on behalf of the departments of Radio-
chemistry and Metallurgy. In both cases spark 
source mass spectrograph^! trace and ultra 
trace determinations of impurities 1n uranium-
and plutonium oxides were required. In 
addition, there were a restricted number of 
analyses on stainless steel and pure nickel. 
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Figure 8.3.3 : Distribution of supporting 
activities over the three analytical 
disciplines. 

determinations over the analytical disciplines 
involved, is illustrated in the diagram 
fig. 8.3.4. 

In the field of elemental analysis the 
following services, ordered according to the 
analytical techniques used, were rendered : 
ICP : - heavy metals in abrasive powders; 
SSMS : - impurities in Pu, u^Og, Pu02 and in 

several ultra pure metal; 
- metallic and rare earth impurities in 

U02-Pu02; 
- rare earth impurities in UOg-GdgO^ 
mixtures; 

- identification analysis on a powdered 
residue. 

Gos analysis relied upon gas chromatography 
and mass spectrometry as analytical 
techniques. Most of these analyses were for 
hydrogen, oxygen, water, nitrogen, 
carbondioxide and argon. They were related to 
post-irradiation research on metals, 
radiolysis experiments on clay, controls of 
on-line process monitors and liquid metal 
research, studies of ceramics and impurity 
determinations in several commercial gas 
mixtures. 
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Analyses on organic compounds were 
predominantly based on gas chromatographic-
and combined- gas-chromatographic- mass 
spectrometric- techniques of analysis. A 
special effort was made 1n setting up methods 
for the determination of polynuclear aromatlcs 
and polychlorinated biphenyls in sludges from 
channels and for the determination of 
impurities in organic compounds synthesised on 
a -laboratory scale. The knowhow regarding 
analysis of environmental samples and 
determination of extremely toxic compounds 
such as polychlorodibenzofuranes and 
polychlorodibenzo(p)d1ox1nes was put into 
practice in studies related to environmental 
pollution 1n the region of Tessenderlo and the 
incineration of sludges (non nuclear 
environmental measurements). Additionally 
there were a restricted number of impurity 
determinations in waste waters and impurity 
identifications in different solutions. 

8.3.4 Analytical support to other institutions 
and industry 

V. Corthouts, E. Goei en, J. Vandersteene, 
T. Rymen 

As a service to external customers , 195 
samples have been analysed for elemental or 
molecular constituents, which resulted in 3675 
determinations. The distribution of these 

Figure 8.3.4 : Distribution of analytical 
activities for external customers over the 
three analytical disciplines 

The group specialised in gas analysis was 
responsible for the gas chromatographic 
determination of Ar, 03, N2, Kr and SFg in 
double walled glass windows (Glaverbel). 
Additionally, they provided the analytical 
instrumentation and support required on the 
occasion of a two month measuring campaign, 
which dealt with the measurement of 0 2, H20 
and total hydrocarbons present in transfer 
Unes for ultra pu.c gases. At last, on 
behalf of a chemical firm, two gas mixtures, 
theoretically containing 15C ppm of ethanol in 
nitrogen, were analysed for their ethanol 
concentration, stability and Impurities 
present. 

Due to the complexity of the samples, organic 
analysis for external customers always 
required a preliminary study regarding 
clean-up of the sample and elimination of 
interfering substances. The final analyses 
could only be performed using the extreme 
specificity of combined gas chromatography-
mass spectrometry. 
Following an accidental fire of a PCB-contai-
ning condensator, the national railway company 
required the quantitative determination of 



polych1orodibenzo(p)dioxines and polychlorodi-
benzofuranes in soot f re- the burning area, 
and the subsequent follow-up of the 
effectiveness of the cleaning procedure by the 
analysis of wipe samples. 
At the request of a court of justice, several 
samples of surface Mater were analysed for 
their content of toxic organic impurities. 
A sample of high boiling petroleum was 
submitted for identification of primary and 
cyclic amines. 
Determinations of polych1orodibenzo(p)dioxines 
and polychlorodibenzofuranes were ordered by a 
electric transformer firm. 

As a consequence of the legislation regarding 
the burning at sea of chlorinated chemical 
waste, samples of such wastes were analysed 
for polych1orodibenzo(p)dioxines, polychloro
dibenzofuranes, polychlorobiphenyls, poly-
chloroterphenyls, HCB, DDT and its deriva
tives. 

8.4 NON-NUCLEAR ENVIRONMENTAL RESEARCH AND 
MEASUREMENT 

B. Vanderborght, R. De Fré, F. Veroustraete 

The scientific activities of the Environmental 
Chemistry Section have up to now been focussed 
on atmospheric pollution studies. The 
different aspects of air pollution diagnosis 
are covered : emission, transmission, 
Immission, applied model calculations and 
quality assurance of the results. Basic and 
applied research projects form the backbone of 
our expert knowledge which is now offered as 
services to public and private institutes. 

8.4.1 Environmental studies for the industry 

A major strength of the SCK/CEN In the field 
of environmental studies and services to the 
government and the industry is the broad 
multi-disciplinary nature of the knowledge and 
experimental possibilities as well as the 
absolute objectivity and neutrality of the 
results of the investigations. These two 
extremely important basic criteria enable the 
SCK/CEN to perform studies of the general air 
pollution situation in a specific area - e.g. 
the survey of organic pollutants in the 
industrial area of Tessenderlo - to support 
the policy of the regional Ministery of the 
Environment, as well as to perform studies of 
atmospheric pollution problems under contract 
with the private industry - e.g. the environ
mental impact assesment study of the benzyl -
chloride facto-y of Tessenderlo Chemie in the 
above mentionnée' industrial area - and even to 
perform special .neasurements for expertises in 
Juridical problem;,. Although the large majo

rity of the activities of the section consis
ted of specific studies under contract of the 
private industry, a permanent effort is 
devoted for the further extension of the 
analytical methodologies and the modernization 
of the measurement computation equipment. 

During the past period 16 different projects 
under contract with the private industry were 
executed. Several of these studies have only 
a very specific and local interest, but some 
of them have aspects of great common or 
scientific value. The results however are 
property of the contracting party and may, not 
be published. The reporting is therefore 
necessarily limited to a description in 
generic terms. 
The character of the different studies varies 
considerably for example : 

1. A complete Environmental Impact Assesment 
study (EIA or in dutch : MER) - including 
all aspects stipulated in the recent 
Flemisch EIA decree, i.e. measurement of 
the emission and the immission of pollu
tants in air and water, the calculation of 
the air pollution by means of a model, the 
investigation of sources of pollution and 
if necessary of the technological 
possibilities to reduce the emission of 
pollutants, the analysis of the fate of 
solid waste disposal management on the 
ground water quality,, the analysis of the 
biological value of the environment of an 
industrial site. 

2. The elaboration of all aspects stipulated 
in the EIA-decree is usually not relevant 
to study the impact of particular indus
trial activities on the environment. Quite 
often in such studies only the most impor
tant elements are dealt with : for example 
emission measurement or dispersion calcu
lation from process parameters by means of 
the IFDM mathematical mode! for air pollu
tion. 

3. In other cases, companies may ask to carry 
out emission and immlssion measurements 
simultaneously without modelling or to 
perform only emission measurements for 
emission control purposes. The SCK/CEN is 
especially contacted when less common 
pollutants have to be determined for which 
an analytical procedure 1s not readily 
available in the laboratories of control 
agencies : for example the measurement of 
dioxines and PCB's; of phospMne, arsine 
and cyanides; of mercaptans and other 
organic sulfur compounds; of Sb, As, Se, 
Pb, Hg 1n aerosol emissions; of polycycllc 
aromatlcs in aerosols; of detergents in 
aerosols, etc... 
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4. One company asked to make a review of the 
Internationally existing standards to 
control or regulatr the emission and 
iMMission of different pollutants origi
nating from oil refineries and electric 
power stations. 

5. Besides study, measurement and advice, the 
SCK/CEN offers also special services for 
air pollution measurement equipment : a gas 
mixtures calibration rig is used to stan
dardize different gas measurement equipment 
(for S0 2, NOx, mercaptans, vinylchloride, 
acrylnitrile, ammonia, ethyleneoxyde and 
others), the SCK/CEN has developed a 
powerful 1 apparatus fro» which several 
units heve been sold and permeation tubes 
for different gases are delivered as well 
(S02, N0 2, H2S, CH3SH, COS, vinylchloride). 

8.4.2 Air- and waterpollution study in Syria. 

B. Vanderborght 

In January 1986 an important contract was 
signed between the SCK/CEN and the Banias 
Refinery Co in Syria to study the air- and 
waterpollution resulting from an oil refinery, 
an electric power station, a cement factory 
and two oil terminals in the coastal area from 
Banias to Tartous in Syria. The study will 
extend over a period of 18 months including a 
12 months continuous measuring campaign. The 
study has three main objectives : 

1. To make an in depth audit on the identi
fication and the quantification of the 
pol lution sources. 
After an inspection of the plans, the main 
sources are to be identified and emission 
measurements must be performed at the major 
stacks and vents. 

2. Two fixed air pollution monitoring networks 
will be installed in order to survey the 
air pollution levels over a continuous 
period of 12 months. One system will 
measure the sulfur and smoke levels using 
the internationally standardized OECD 
sulfur-smoke monitoring system and the 
other system will monitor the dust concen
tration with low volume samplers. At the 
end of the measuring campaign, the resul
ting levels will be compared with interna
tional 1 (mission standards. During another 
measuring campaign of three times one 
month, specific measurements with mobile 
equipment have to be carried out In order 
to define a clear source-receptor relation 
of air and water pollution. Continuous 
meteorological stations will be installed. 

3. As a result of the investigations, sugges
tions for the reduction of air- and water-
pollution must be elaborated including the 
basic engineering of the suggested instal
lations or adaptations. 

Up to now all the necessary Measuring instru-
Mentation has been purchased or Manufactured 
by the SCK/CEN, i.e. the OECD and low volume 
samplers, the meteorological apparatus and the 
instrumentation of a measuring van. A report 
on the different existing emission and imrfs-
sion standards has been made. The study 
contract is expected to start at the Banias 
Refinery early 1987. 

8.4.3 Atmospheric tracer dispersion 

B. Vanderborght 

Atmospheric tracer dispersion experiments, 
using SFc as tracer gas, have been used 
extensively in the past to validate the 
mathematical models for air pollution of the 
SCK/CEN. The analytical procedure has been 
extented in order to make it possible to use 
two tracers simultaneously : CBrF3 has been 
selected as the second tracer gas. The 
analytical procedure has been optimized to 
enable a fast, sensitive, accurate and precize 
routine determination of SFg and CBrFj in the 
air samples. SFg remains the best atmospheric 
tracer because the detection limit and the 
atmospheric background concentration are 5 to 
10 times lower than for CBrF3. The develop
ment of a dual tracer technique enables the 
experimental investigation of different 
atmospheric dispersion conditions, as for 
example the simultaneous release of the two 
tracers »t different elevations to study the 
difference In dispersion from a high or a low 
stack or to study the influence of buildings 
on the plume dispersion, or the release of twe 
tracers inside a building or a factory hall at 
different locations in order to measure the 
efficiency of a ventilation system. 

8.4.4 Instrumentation and development of 
procedures 

F. Veroustraete 

As D. Klockow from the University of Dortmund 
stated, the analysis of gases and aerosols 
from the atmosphere is a "sampling of 
problems". It 1s clear, however, that when 
reliable results are to be obtained in envi
ronmental studies, sampling has to be perfor
med under conditions where the physico-
chemical parameters of the air to be sampled 
has to be approximated as closely as possible 
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in the sampling system. A sensitive and 
reproducible method was developed and tested 
on the basis of diffusion separation of gas-
and aerosol phase in a tubular system coated 
with a chemisorbing layer. This chemisorbing 
layer must be specific for the gaseous 
component(s) to be analysed and quantified. 

In our experimental scheme, a procedure was 
tested to measure aimonia, using sampling 
tubes coated with oxilic acid. Experiihents 
with different synthetically produced ammonia 
concentrations demonstrated a 100 % yield with 
relative humidities below 80 %. These 
corresponded very well with the yields 
expected theoretically. 

Reproducibility of the procedure on the field 
was comparable with results obtained by other 
workers in this field. The global detection 
limit on 24 h basis of the method is 
0.25 ug/m3, which is a considerable 
improvement in comparison with conventional 
methodology. 

From these experiments it can be concluded 
that sampl ing procedures based on separat.icn 
of gas and aerosol by diffusion should be 
further developed for other gas species, since 
with the same efforts as with classical 
procedures, artifacts caused by gas-particle 
interactions on filters can be eliminated and 
better selectivity and good reproducibility 
obtained. 


