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

L.H. Baetslé 

TY<*. present progress reiort covers the activities carried out by the 
Research Division during the period July-Dectmber 1986. It contains a 
condensed description cf all the activities with their individual 
authors and provides a 1iterature list at the end of each chapter in 
which more detailed information can be found. 
During the second half o* 1986 Dr. J. Nihoul head of the material 
physics department left us and was replaced by Dr. R. De Batist. 

The following highlight? are outlined in the report : 

- The underground laboratory has been made fully operational by instal
ling in situ four corrosion loops at different temperatures, and fitted 
out with a wide range of material coupons and radioactive waste samples. 
A number of pH and redox potential probes installed into the clay body 
indicated that the oxidizing and ccidifying effects of aeration disap
pear fairly rapidly after closure of the drilling hole. 
Hydrostatic pressures observed in piezometers around the underground 
laboratory indicate a high pressure gradient in its vicinity. The fact 
that the organic material is the major vector for trivalent actinides 
and lanthanides by virtue of a strong complexation has been further 
confirmed. 

- Fatigue experiments on stainless steel, the reference first wall 
material of a fusion reactor, performed at 430° C on irradiated and non 
irradiated samples showed a different transient behaviour jut eventually 
the same number of cycles before rupture were found. 
Fabrication procedures havp been set up to produce high density lithium 
metasilicate and litiiium netazirconate. Both products are candidate 
tritium breeding materials in a fusion reactor with a ceramic breeder. 

- The equipmert of the „eramic laboratory has been enlarged by a hot 
isostatic press rig capabic of reaching 2000° C at 2000 bars. The 
facility is fu'ly computer controlled. A larne sinter furnace working 
at a maximum temperature of 2100° C has 'oepn installed and permits to 
handle pieces of 50 to 80 cm, 

- Inorganic loaded polysulfone membranes with a high inorganic content 
have shown to benave as ultrafiltration media with a cut-off value of 
50,000 dalton. Based on this success hollow fibres made of the same 
material iiavp b.-;er- produced. Z1rconiumoxuie-PTFE diaphragms of 5000 cm2 

have been produce* and succsssfully testsJ in industrial chlor-a'ikali 
electrolysis conditions. 
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A study syndicate "Powder Technology Associated" has been established 
by SCK/CEN and Câbleries et Corderies du Hainaut .(CCH), with the 
objective to valorize the powder metallurgy alloy fabrication technique 
in other industrial products. 

- Plasma spray coatings 

Coating quality upgrading experiments based on hot isostatic pressing 
and laser surface processing have been initiated and promising results 
have been obtained. Optimization of spraying parameters, with particular 
attention for powder preconditioning and gun translation effects, has 
been continued. At the "e^uest of industrial clients a number of 
application directed actions has been started dealing with development, 
optimization and performance of coatings. 

- Materials for fusion reactors 

Fatigue experiments at 430° C were performed on irradiated and unirradi
ated AISI 316L, the prime reference first wall material in the European 
fusion technology preqramme. The fatigue tests were performed at 
constant total axial s:rain using a diametral extensometer combined with 
a strain computer to onvert diametral to axial strain. Neutron irradia
tion was found to increase the strength of the material but during the 
subsequent fatigue test the material had a tendency to soften. However, 
•he fatigue tests show a similar number of cycles to rupture for irradia
ted and unirradiated materials. 
Compatibility tests of the candidate liquid breeder n.aterial lithium 
with stainless steel ir the presence of a 2 tesla magnetic field have 
been performed and evaluated. The corrosion rates, which were very low 
under the isothermal operating conditions, appeared to be slightly 
higher at the entrance and exit zones of the magnetic field. The 
experiments are being repeated with a different test material configura
tion to produce precise quantitative data before shifting to test 
campaigns with the more aggressive lithium-lead eutectic. 
Experiments with a zircom'a based oxygen sensor in static lithium-lead 
and argon/oxygen calibration gas mixtures yielded fast responding 
quantifiable signals. However, an important drift of the signal as a 
function of exposure time persisted. 

- Materials performance in various agressive environments 

A number of pH and redox potential probes was installed at 220 meters 
depth in the underground experimental room in the vicinity of the 
corrosion test tubes, which were developed for exposure to the Boom clay 
of candidate materials for high level radioactive waste containment. 
The first measurements indicate that the oxidizing and acidifying effect 
of aeration occurring during during the drilling and device emplacement 
procedure, disappear fairly rapidly after closure of the formation. 
Values typical for an undisturbed clay condition re-established after 
less than one month exposure. 
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- New developments may be expected from-two original findings in t'e 
field of radiation-induced leukemogenesis : the radiation leukemia virus 
induces the expression of a cellular gene which might ultimately prove 
to be involved in the carcinogenetic process, since it is easy to 
isolate and clone this gene from RadlV induced tumors it will be 
possible to use it as a probe to assess its role in non viral, radiation 
induced tumorigenesis. 
The new laboratories of the Biology department have been occupied by the 
laboratory staff. A total of more than 1000 m2 extension was built and 
equipped with new furniture. 

- The measurements of environmental radioactivity show that the effects 
of the Chernobyl accident on April 26, 1987 have almost disappeared. 
However the 137Cs and 134Cs isotopes have been detected in foodstuffs 
and have slightly increased the body burden but its level remains about 
6 times lower than the 1964 peak resulting from the atmospheric nuclear 
explosions. 

- An air pollution monitoring van has been equipped with a MAP-IV system 
which permits real-time computer controlled navigation with simultaneous 
recording of the pollution levels measured by monitors for S0 2, total 
sulfur and N0X. The recorded pollution maps are immediateTy available 
to the scientists and can be used to investigate local pollution levels. 
The vehicle was used in the Antwerp harbour area during a heavy pollu
tion episode. 
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EXECUTIVE SUMMARIES 

1. MATERIALS PHYSICS DEPARTMENT - R. De Batist 

- Semiconductor physics 

The optimization of the deposition conditions using single chamber 
systems has resulted in reproducible fabrication of solar cells of 0.126 
cm2 with an efficiency of 7.3 %. Techniques for maintaining this 
efficiency for larger area cells are being investigated. 
The model for analysing the current-voltage characteristics of solar 
cells is further used for studying e.g. the effect of deposition 
parameters and impurities on the behaviour of the cells. 
Measurement of the spectral dependence of the photocurrent at different 
bias voltages, with the possibility of superposing white bias light can 
now be carried out using a new system. Knowledge of the absolute 
quantum efficiency spectrum will be used for an in-depth analysis of the 
response profile of the solar cells. 

- Characterization of radioactive waste forms 

New or improved designs have been developed and tested for performing 
corrosion experiments in the various environmental conditions relevant 
to the disposal and storage of various conditiored radioactive waste 
forms. 
For the simulated bituminized reprocessing sludges from Cog ma, chem
ical analysis has revealed certain deviations (for some of the compo
nents) from the specifications provided by the manufacturer. 
In-situ interaction tests between conditioned waste forms (mostly 
simulated vitrified wastes) and the clay formation in the underground 
laboratory are now well under way. 
Related laboratory experiments have also been started, using both 
inactive and tracered glass samples and a variety of corrosion media in 
carefully monitored redox conditions (reducing o- oxidizing). 
The corrosion experiments on vitrified high level waste glasses in a 
gamma radiation field have reached 670 hours now. The radiolytic 
generation of C02 and H2 appears to be accompanied by a (slight) 
enhancement of the corrosion rate. A round robin repository-system 
-simulation test is being set up by the Commission of the European 
Community, to study the integrated interaction between waste form, 
canister, backfill and host rock. 

- Metal physics 

The effect of thermomechanical treatment during the fabrication by a 
Belgian firm, CCH, of a superconductive cable from NbTi multifilamentary 
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wire has been evaluated by characterization of the superconducting 
properties at 4.2 K between 5 and 2 tesla. 
Several superconducting magnets have been successfully fabric?ted at 
SCK/CEN using commercial Nbti wire. The M2 magnet has been operated at 
10.5 tesla by lowering the temperature to 2.4 K. A 7 tesla magnet for a 
high gradient magnetic separation system has been installed in a 
cryostat with a warm inner bore of 60 mm. Using a double Helmholtz 
coil, a very reproducible and homogeneous magnet has been constructed 
and tested. Equipment for studying transient phenomena and for meas
uring magnetic induction during cycling of the magnetizing field has 
also been made operational. 
Magnetic susceptibility measurements have been used to study flux-trap
ping and flux-expulsion in small superconducting discs (vanadium, lead). 
In collaboration with KUL, radiation damage effects in an alpha-quartz 
single crystal have been further studied. 
The stimulation contract work on thermoelastic plastic effects, carried 
out on behalf of the CEC in collaboration with CESNEF (Milano) has been 
completed. The possibility of extending the room temperature technique 
to lower temperatures was demonstrated by the construction and operation 
of a cryo-chamber for stabilizing the specimen temperature to within 
0.01 K at around 230 K. 

- Fundamental support studies 

The use of transmission electron microscopy and neutron diffraction was 
continued to investigate a variety of material physics and metallurgical 
problems. The thermophysical laboratory participated to a round robin 
test on the thermal conductivity of low conductivity materials in the 
temperature range 250° to 900° C. 

2. METALLURGY DEPARTMENT - H. Tas 

- Oxide dispersion strengthened alloys 

It has been demonstrated that the oxide dispersion strengthened ferritic 
alloys developed at the SCK/CEN laboratories can be transformed on a 
pilot-scale industrial level into nuclear quality fuel cladding and can 
be welded without formation of deficient transition zones. Full confir
mation of the expected favourable irradiation behaviour will be obtained 
when the target neutron doses, foreseen for commercial fast neutron 
reactors, have been reached in the two ferritic fuel bundles irradiated 
ii. the French Phénix reactor. However, smaller scale fast neutron 
reactor irradiations, carried out so far, have yielded very promising 
results, particularly in the critical lower temperature region. As a 
result the ferritic alloys are gaining increased acceptance and priority 
in the European core material development programmes. 
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A study syndicate "Powder Technology Associated" has been established 
by.SCK/CEN and Câbleries et Corderies du Hainaut (CCH), with the 
objective to valorize the powder metallurgy alloy fabrication technique 
ir. other industrial products. 

- Plasma spray coatings 

Coating quality upgrading experiments based on hot isostatic pressing 
and laser surface processing have beer, initiated and promising results 
have been obtained. Optimization of spraying parameters, with particular 
attention for powder preconditioning and gun translation effects, has 
been continued. At the request of industrial clients a number of 
application directed actions has been started dealing with development, 
optimization and performance of coatings. 

- Materials for fusion reactors 

Fatigue experiments at 430° C were performed on irradiated and unirradi
ated AISI 316L, the prime reference first wall material in the European 
fusion technology programme. The fatigue tests were performed at 
constant total axial strain using a diametral extensometer combined with 
a strain computer to convert diametral to axial strain. Neutron irradia
tion was found to increase the strength of the material but during the 
subsequent fatigue test the material had a tendency to soften. However, 
the fatigue tests show a similar number of cycles to rupture for irradia
ted and unirradiated materials. 
Compatibility tests of the candidate liquid breeder material lithium 
with stainless steel in the presence of a 2 tesla magnetic field have 
been performed and evaluated. The corrosion rates, which were very low 
under the isothermal operating conditions, appeared to be slightly 
higher at the entrance and exit zones of the magnetic field. The 
experiments are being repeated with a different test material configura
tion to produce precise quantitative data before shifting to test 
campaigns with the more aggressive lithium-lead eutectic. 
Experiments with a zirconia based oxygen sensor in static lithium-lead 
and argon/oxygen calibration gas mixtures yielded fast responding 
quantifiable signals. However, an important drift of the signal as a 
function of exposure time persisted. 

- Materials performance in various agressive environments 

A number of pH and redox potential probes was installed at 220 meters 
depth in the underground experimental room in the vicinity of the 
corrosion test tubes, which were developed for exposure to the Boom clay 
of candidate materials for high level radioactive waste containment. 
The first measurements indicate that the oxidizing and acidifying effect 
of aeration occurring during during the drilling and device emplacement 
procedure, disappear fairly rapidly after closure of the formation. 
Values typical for an undisturbed clay condition re-established after 
less than one month exposure. 
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None of the high-alloy metallic materials tested had a sufficient 
resistance against the corrosive atmosphere of the hot off-gases of an 
industrial aluminium remelting furnace, but oxide based ceramics were 
found to have an excellent chemical resistance in this same atmosphere. 
Ceramic coatings applied by plasma spraying did not resist so far, 
because of their insufficient density. 

- Fracture mechanics 

A fully instrumented impact tester has been installed and taker into 
operation. A qualification test programme was used to establish the 
conformity of the equipment to ASTM standards. Dynamic J-integral 
values were determined for nuclear reactor pressure vessel type steel 
plate. This information was obtained f'-om plastic range low-blew tests 
performed on fatigue precracked impact samples. 

3. CERAMIC RESEARCH - A.J. Flipot 

- Fabrication and characterization of solid breeder materials for fusion 
reactors 

Lithium metasilicate having no measurable composition range, small 
deviations from stoichiometry give rise to the formation of some lithium 
orthosilicate or lithium disilicate. The effect of lithium orthosil
icate on density and texture of sintered pellets was studied earlier but 
is now being extended to metasilicate pellets containing some disil
icate. Such pellets sinter less rapidly and to a lower final density 
than stoichiometric metasilicate pellets. The magnitude of this effect 
is independent of the percentage of lithium disilicate. Disilicate 
reduces also the fraction of open porosity in non-recrystalMzed pel
lets. In such pellets the fraction of open porosity only depends on the 
final density. A certain amount of closed porosity can be measured from 
a density of 75-76 % T.D. and all the pores can be closed above a 
density of 87 % T.D. The grain size and the grain shape are controlled 
by the sintering temperature. 
Lithium metazirconate has been further investigated. The calcination 
conditions control the sinterability of a product synthetized out of 
lithium carbonate and zirconia. During a thermal treatment above 900° C 
a calcined metazirconate has a tetragonal lattice that is progressively 
transformed into a monoclinic one. A calcined powder, being very 
sensitive to hydrolysis, must be stored and processed in a dry atmos
phere. 

A chemical etchant for metasilicate pellets has been developed so that 
the pellet structure can be examined by optical microscopy when the 
grain size is not too fine. One of the main advantages o* the ceramo-
graphic preparation method used in our laboratories is its rapidity. A 
small apparatus for permeability measurements has also been made and 
tested. 
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- Irradiations 

The EXOTIC irradiation programme ha^ been continued with EXOTIC III. 
In-line 3T measurements performed in Petten show that most tritium 
released from the pellets is under the form of HT. Lithium metasilicate 
pellets have been prepared while metazirconate pellets are being 
fabricated in order to compare their behaviour under thermal and fast 
neutron fluxes. Post-irradiation examination of pellets from EXOTIC I 
and II is being carried out. 

- Engineering ceramics 

A comparison between commercial silicon nitride powders showed that some 
powder characteristics are typical for a given fabrication route. 
Some correlations between powder characteristics and sinterability could 
ba made. It has also been confirmed that a desagglomeration treatment 
improves densification during sintering. 
The investigation of injection moulding of silicon nitride has been 
pursued. Some defects reported earlier were eliminated by changing one 
of the process steps. To be able to produce different qualities of 
silicon nitride powders b,. '"njecti on-moulding, it is often necessary to 
adapt the binder formulation. 
Some sintering sequences were interrupted at intermediate temperatures 
to study the densification progress. Reaction sintering of silicon 
compacts has been further investigated. A pre-sintering treatment 
facilitates the machinability of the pieces without affecting the 
nitridation. Reaction sintering of silicon parts containing sintering 
aids was also studied in order to increase the final density. The 
feasibility of the method has been demonstrated. 
Some efforts were made to visualize the flow pattern during extrusion of 
ceramic tubes. An extrudable mixture of silicon carbide powder and 
plasticizer was developed. Problems surh as excessive die wear and 
changes in water content have been solved. Small extruded pieces of 
silicon carbide were sintered to a density of 3.05, which is acceptable 
compared with the results obtained with pellets and cold isostatic 
pressed tubes. Silicon carbide annular discs and thin-walled tub°s were 
produced by cold isostating pressing. 

- Equipment 

New pieces of equipment, recently installed and put into service are a 
laboratory spray-dryer, a cold isostatic press, a computerized sinter-
HIP facility and a large sintering furnace. 
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4. NUCLEAR CHEMISTRY - P. De Regge 

- Tritium research in Thermonuclear Fusion 

The vertical mock-up capillary electrolysis cells have accumulated now 
6,500 hours of operation. Parametric studies have been carried out to 
define the stable operating conditions of the cell. The prototype cell 
has been operating for 100 hours and the peripheral equipment such as 
water feed system, pressure controls and demisters are being developed. 
A theoretical model describing the parametric behaviour of the cell is 
being tested. 

- Fundamental Metrology of Radionuclides 

The co-operation with the US National Bureau of Standards concerninq the 
calibration of 109-Cd and 109-Pd has been finalised and the data are 
being published. In co-operation with the Central Bureau for Ni'dear 
Measurements the tracer study for 109-Cd has been completed an. the 
cal.oration of an ionisation chamber is carried out. A prelim nary 
evaluation for the calibration of 125-1 has been made in the framework 
of an international intercomparison organised by the Bureau 
International des poids et Mesures. 

- Radiochemical Analyses and Services 

Burn up determinations and measurements on consumable neutron poisons 
have been carried out for Belgian and foreign contractors. Support to 
fuel characterisation for Belgonucléaire is provided in the framework of 
a new contract. Recovery of highly enriched uranium from irradiated 
targets was continued in view of obtaining final results on the overall 
mass balance. Within 1 to 2 percent the initial quantities have been 
found but some uranium is discarded during extensive sampling :^-ileal 
for such campaign. 

- Conditioning of Cladding Waste and associate hot cell development 

The main efforts were devoted to the construction and equipment of the 
lot cell accomodating the active tests foreseen in 1988 and 1989. A 
gimmascanning device has been designed, semi-automatic TIG-welding 
equipment has been ordered, helium leak detecting equipment has been 
testïd. Compaction tests have been successfully carried out on chopped 
hulls of 50 mni length as they will be provided by the Karlsruhe repro
cessing plant. Transport problems have beer, identified and technical 
aspects are being solved. A preliminary safety report has been 
prepared. 
The -efforts have been mair.ly oriented to allow active tests in one of 
the hot cells for the cladding conditioning project. Pipework and 
connections inside the shielding have been installed and tested. Cell 
doors, passages, ventilation equipment and auxiliaries have been desig-
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designed and constructed. The jib arm lifting device has been tested. 
The pin chopper has been further tested and optimised. Calibration 
techniques for measuring hold up in tanks are being developed. 

- Research and Development Work for geological Disposal of Radwaste in 
Clay 

The first of four corrosion experiments in humid clay utmosphere is 
entering its operational stage. Al. corrosicr. loops in dirjct contact 
with clay have been installed of their operational temperature. The 
HADES data acquisition system is now installed enabling data analysis by 
experimenters of their measurements in the underground lahoratory. 
Progress has been made in the geomechanical characterisation of the Boom 
clay. Laboratory tests tend to show 'ess dispersion for cohesion and 
angle of shearing strength. Model studies h* e been launched fol1owing 
two different approaches, the elasto-viscc.'lastic and the cam-clay-
model. New field instruments have been installed monitoring convergence-
confinement parameters and total pressure distribution as a function of 
orientation. Hydrochemical data obtained from the regional observation 
network have been screened and ate being evaluated for their potential 
support to the hydrological model. The hydrostatic pressures observed 
in piezometers installed around the underground laboratory indicate a 
high pressure gradient in its vicinity. Flowrates observed show a 
consistent pattern as a function of pressure in different locations 
covering more than half of the clay layer. Diffusion tests under 
consolidation using poorly soroed species (H, I, sucrose) have been 
carried out and provide results concerning the effective porosity and 
apparent diffusion coefficients in realistic conditions. The fact that 
the organic material is the vector for the trivalent actinides and 
lanthanides by virtue of the formation of strong complexes is further 
confirmed. Radiolysis of the Boom clay by migrating alpha-emitting 
nuclides has been investigated using computer modeling and emphasizes 
the importance of delaying migration and radiolysis by appropriate 
engineered barriers. The performance and safety assessment studies are 
being continued covering now also scenarios which affect the reposi
tory's integrity. The fculting scenario has been evaluated and yields 
similar annual doses as the normal evolution scenario. 

- Demonstration and Pilot Facility 

Discussions with the consulting engineer and the construction company 
led to the final specifications for the test drift to be connected to 
the present shaft by a circular transition zone with concrete lining a* 
a smaller diameter. The access ports for experimental devices in tne 
clay have been defined. An extension of the test drift using a differ
ent lining following the convergence-confinement principles has been 
proposed by the French ANDRA. An impressive number of geomechanical and 



hy*rological auscultation devices has been installed around the location 
of the test drift in view of the mine-by experiment. The preliminary 
concept of a combined heating and radiation test, simulating a HLW 
canister has been drafted. 

- Disposal of lowlevel Waste on Land 

The concept ot a shallow land waste burial facility on the Mol Dessel 
site has been further develo^d. A performance and safety analysis has 
been carried out using very conservative assumptions because of the 
significant lack of experimental or observed 'iata concerning the charac
teristics of the site. Individual and élective "isks remain in 
general below the ICRP recommendations, except for some combinations of 
several scenarios. 

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

- Applied Physico-Chwnistry 

Cur inorganic loaded polysulfone membrane at high inorganic content 

appears to offer steep separation for molecules in the 50,000 dalton 
range. This result for flat sheet membranes incites to start the 
manufacturing of hollow fibers made from the same raw materials. 
The cold rolling technique for PTFE membranes has been further applied 
to prepare high quality specimens with good water absorption and 
desorption properties. They show thus a potentially broad biological 
application field, although their use as substrates for short-run 
medical diagnosis checks has been shown to be unpractical. 
The manufacturing of zirconium oxide PTFE diaphragms for chlor-alkali 
electrolysis has been successfully scaled-up to the size of 5,000 cm . 
Laboratory tests and an inoustrial run lasting three months have shown 
excellent stability of these diaphragms. 
An investigation has started on the electrochemical characteristics of a 
well conditioned tungsten electrode in relation to its potential as 
reference electrode in a hydrogen sensor. 
The leaching behaviour of different ashes has been determined in the 
laboratory in order to clarify their recycling possibilities. 

- Separation techniques 

The chemical and physical characterization of sludge samples taken from 
the Ghent-Terneuzen canal allows to select the hy^rocyclone process for 
splitting bulk dredge into two fractions, a contaminant depleted one and 
a contaminant enriched one. A 5-in hydrocyclone is being put into 
operation in series with a dredging machine. 
The chemical and physical characterization equipment for water samples 
has been used to support the industrial development o>' a containerized 
domestic waste water treatment system. 
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Tha performance of the patented multi-ejector-venturi MEV as submicronic 
aerosol filtration device has been confirmed during a three months'run 
ur.der industrial conditions on a side gas-stream of 100 m3 h . The off 
gas line of the lowlevel radioactive waste incinerator is being adapted 
to test the scaled-up version MEV-1000. An industrial prototype 
MEV-16000 is being designed in consultation with industrial partners. 

- Process technology 

On-line analytical assistance is given to the long duration campaign 
with the 40 MWth demonstration Atmospheric Fluid Bed Combustion unit 
retrofitted in the boiler system of KS Beringen. The gas quality 
measurements give operational and environmental information on the 
burning conditions of waste coal in this unit and also on the corrosive 
nature of the flue gas at different locations. Material degradation 
will be studied under reducing erosive conditions too. Therefore, a 
gasifier test rig is being designed and constructed. 
Advanced electrochemical reactor techniques are being developed for 
specific applications, namely dispersive etching and selective winning 
on a rotating electrode. An integrated set-up for impedance measur
ements has been acquired. 

High temperature corrosion of heat exchangers after an aluminium 
remelting furnace is studies. 

- Process engineering 

The valorization of the combustible fraction of municipal solid waste 
has been assessed for process heat production at a specific site using a 
15 MWth burner. 
The over-all design dimensions of the jff-gas line for the slagging 
incinerator HAWAI have been determined. 
Process engineering evaluations have been made on the environmental and 
safety impact of two industrial companies on their surroundings. Air 
and waterpollution studies are being made on the specific facilities 
available at the plants in order to improve the local situation. 

6. BIOLOGY - J.R. Maisin 

- Short and long term effects of ionizing radiation 

New developments may be expected from two original findings in the field 
of radiation-induced leukemogenesis : the radiation leukemia virus 
induces the expression of a cellular gene, which ultimately might prove 
to be a yet unknown oncogene, whose involvement in radiogenic leukemoge-
nesis could be tested. We also confirmed, by using molecular biology 
techniques, the hypothesis that novel viral genomes can appear in the 
non-irradiated cells which become leukemic by virtue of their residence 
in an irradiated animal. This phenomenon has been accepted for 30 years 
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as an argument ir. favour of a viral etiology of radiogenic leukemogene-
sis. However, we have shown that it remains confined to a well-defined 
experimental system and that it is no longer applicable to the general 
scheme of leukemia induction. 

- Genetic effects of radiation 

The production of chromosome aberration by low doses of X-rays has been 
studied in a collaborative research co-ordinated ly the Commission of 
the European Community. Additional experiments have been made on 
developing organisms. 

- Toxicity of radionuclides 

The studies concerning radionuclide toxicity are centered on some of the 
problems that could possibly give rise to low-dose exposures of large 
population groups. Americium is the main alpha-emitting isotope re
maining in 50-500 years old waste produced by nuclear reactors ; tritium 
is discharged in large amounts by fuel reprocessing plants and will be 
discharged from fusion reactors ; technetium is a long lived fission 
product with an essentially chemical toxicity. Some aspects of the 
isotopes behaviour in the environment and in living organisms form the 
main part of these studies. 

- Radioactive contamination of the environment 

The scientific effort of the laboratories involved in this programme 
aims to generate more information on the transfer in the environment and 
on the metat ism of major radionuclides such as 3H, ™ C , technetium, 
activation p< Jucts and transuranics. The research is carried out 
within the framework of the CEC programmes and is also related to the 
environmental surveillance programmes performed by national (Ministry of 
Public Health) and international institutions (OCDE/NEA). 

- Non-radioactive contamination of the environment 

An extensive physico-chemical study of Belgian surface waters and the 
physiolog-cal stress of high acidity and aluminium in aquatic animals, 
is in progress. Bacteria were looked for in effluents or biotopes 
contaminated with heavy metals : some were found exhibiting high-level 
resistance to heavy metals ; research was carried out in order to 
identify the genetic determination of resistance (plasmids) and to study 
the mechanism of oetoxication. 
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- Study of integration, replication and biologicj' expression o' foreign 
DNA administered to different organisms 

The analysis of plasmids specifying resistance to heavy metals has been 
extended. The bacteriocin cperon has been cloned in an E. coü piasmid 
and its expression has been analysed. Results of transfcrmation 
experiments with Arabidopsis ano with grass have been consolidated and 
extended to other plant mate, ials aoJ foreign gcies such as those coding 
for human growth hormone. Studies on the microbial degradation of 
chlorinated biphenyl are in progress. 

- Biomedical research ""nd toxicology 

National and international laws are becoming more and more stringent 
because of the demand for better consumer protection. Before reaching 
the market, any new compound must be evaluated for its toxicitv to man 
and its environment. At the request of chemical and pharmaceutical 
companies, an increasing number of toxicological tests have been 
performed. 

7. NUCLEAR METROLOGY DEPARTMENT M. Nêve de Mévergnies 

In Nuclear Physics, the programme in neutron spectrometry is guided by 
needs for nev or improved neutron data for fission and fusion reactors. 
Regarding the latter, the data on neutron scattering and multiplication 
in \ i obtained recently in the energy range of 1.6 to 10 MeV were 
analysed and compared with some possible reaction mechanisms. Beryllium 
being a possible candidate as neutron multiplier in the blanket of a 
fusion reactor, a new experiment on the neutron emission cross-sections 
of ^Be in the MeV energy range has been started. In fission physics, 
the programme on neutron cross-section measurement of fissile isotopes 
at very low energies (i.e. between 1 and 10 MeV) has been extended to 
" 9 p u and " 3 ^ and the study of slow neutron fission of the isomeric 
state of " n l with 26 min. half-live yielded interesting preliminary 
results. In nuclear spectroscopy, the slow neutron capture reactions in 
75 A S j 1650y and 152, 153, 156Gd w e r e stutj-jec| further and analysed. 

As regards to Inelastic Scattering of Slow Neutrons, some important 
technical imvrovements to the MIBEMOL spectrometer at Orphée (Saclay) 
and the Re-spectrometer at BR2 were carried out to improve both the 
performances and the reliability of the equipments. Reorientational 
motions of the NH4 group in mixed potassium-ammonium iodide crystal"; 
were further studied , both experimentally and theoretically. 

In the field of Radiation Dosimetry and Control, the measurements of 
environmental radioactivity show that the effects of the Chernobyl 
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accident of April 26, 1986, have almost completely disappeared. 
Regarding the cesium isotopes 134 and 137, however, their prescr.c» in 
the foot chain resulted in a measurable increase ••n body burden, but its 
level remains about 6 times lower than the 1964 level just after the 
Nuclear Ban Treaty. Control measurements of traces of alpha-emitters 
(2?6Ra, 2 1 0Pb and ' 1 0Po) ii the Scheldt River were started in th« frame 
ot a contract between BASF Antwerpen, the Vlaamse Waterzuivering Mij. 
at.d SCK/CEN. The other routine control measurements were continued. 

In Safeguards, the study in the optimization of safeguards measures in 
MOX-fuel planta, performed in the frame of a contract with JRC, I^pra, 
was completed and a final report was prepared. The contract with CBNM. 
Geel, about non-destructive measurement of the isotopic compositior. of 
Pu samples by high resolution gamma spectrometry was also completed 
successfully. Further experiments included the non-destructive assay 
(mainly, burn up and Pu content) of spent futl from Tihange-1 power 
station, and tests on some special detectors for the control of spent 
and fresh fuel assemblies. 

8. ANALYTICAL CHEMISTRY - F.M. Lievens 

In the field of mineral chemical analyses the Inductively Coupled 
Plasmatorch (ICP) and Ion Chromatography were used whenever it was 
possible to haver or to bring samples into solution. With ICP difficul
ties subsist when addition of hydrofluoric acid is needed to promote 
dissolution or to stabilize the metallic elements like zirconium and 
tungsten in solution. A new HF resistant torch is being purchased. 
Certification work for BCR was carried out on sediments from lakes, 
rivers and estuaries for trace levels of heavy- and toxic metals. For 
levels above 10 ppm ICP is satisfactory, but for sub ppm levels of 
arsenic and selenium the hydride technique on Atomic Absorption 
Spectrometry (AAS) is necessary. Like for all certification of primary 
reference materials, great care is mandatory during the dissolution in 
order to guarantee the full recovery of the elements determined. In the 
special case of sediments containing several refractory components, the 
dissolution is not a straightforward operation. 
Automatic titration was used for the determination of uranium and 
plutonium in the framework of international safeguard programmes. The 
purpose being to obtain a more accurate end-point detection. A new Ion 
Chromatograph was set in operation in the laboratory for the analysis of 
alpha-beta contaminated samples. Thermal Ionisation Mass Spectrometry 
was used for isotopic composition of uranium spikes and reference 
m'teriais. Measurements on lithium isotopes for breedingmaterial, and 
on lead for trace analysis have been made. 



XX 

In the field of gas analysis and at the request of a commissioning 
organism the acceptance control was carried out on a complete gas 
circuit, in order to verify leak-tightness and traces of contaminants 
below ppm level. 
Spurk Source Mass Spectrometry was used for the determination of trace 
levels of rare earths in nuclear fuel materials, containing high levels 
of gadolinium. A severe interference of gadolinium on erbium, thulium 
and ytterbium was solved by using silver as conducting addition. 
In the field of organic chemical analysis several sample pretreatment 
and extraction procedures for polyaromate hydrocarbons were compaired. 
On request of BCR a purity determination was made on a 3-hydroxybenzo(a)-
pyrene batch prepared as reference material. For the determination of 
organic solvents from environmental waste materials a steam distillation 
apparatus and an analytical procedure have been developed. It provides 
adequate recoveries and additional clean-up for 45 common solvents. 
An air pollution monitoring van has been equipped with a MAP-IV system 
which permits real-time computer controlled navigation and degree of 
pollution measurement by series of pollution monitors (SO2, total S, 
N0 X). With this van the pollution measurements are mapped and processed 
and are immediately availablefor interpretation. The equipped van was 
commissioned and used in field service during an heavy pollution episode 
in the Antwerp harbour area. 

A one year programme for the measurement of the time averaged values for 
the concentrations of vinylchloride, 1-2-dichloroethane, benzene and 
other carcinogens in the air at Tessenderlo was completed. For this 
study it was necessary to lower the detection limit from 1 ug/m3 to 0.2 
ug/m3 and to adapt the sampling procedure and equipment. 
Without disclosing confidential information from Environmental Impact 
Assessment studies, a description of its today benefits are illustrated 
for two cases. Several case studies are schematically described with 
their technical particularities, and equipment implementation, and 
procedure adaptations. 
For our production of permeation devices for calibration of pollution 
monitors a database has been set up, with the aim to provide a better 
and more complete information about the permeation devices produced. 
In the field of sampling technique the diffusion technique has been 
investigated and experimented on ammonia for its use in the field. 
Besides an effective separation of gas and particulates this procedure 
avoids gas-particle interactions during collection. 



1 .. 
1 lAJ 

C H A P T E R 1 

MATERIAL PHYSICS DEPARTMENT 

R. DE BATIST 



3 

REPORT OF THE MATERIALS PHYSICS DEPARTMENT 
Page 

1.1 PHOTOVOLTAIC CONVERSION CF SOLAR ENERGY 5 
1.1.1 Amorphous silicon solar cells 
1.1.2 Curve-fitting for amorphous silicon solar cells 
1.1.3 Spectral response measurements 

1.2 CHARACTERIZATION OF RADIO-ACTIVE WASTE FORMS 7 
1.2.1 Development of experimental facilities 
1.2.2 Characterization of bituminized medium level waste forms in view 

of geological disposal 
1.2.2.1 Characterization of Cogema simulated bituminized reprocessing 

sludges 
1.2.2.2 Physico-chemical characterization of bituminized Eurochemic 

medium level waste 
1.2.3 Laboratory and in-situ interaction between simulated waste 

glasses and clay 
1.2.3.1 Inactive and tracer corrosion tests 
1.2.3.2 Corrosion tests in a y irradiation field 
1.2.3.3 In-situ tests 
1.2.4 Repository system simulation test 

1.3 METAL PHYSICS 10 
1.3.1 Superconductivity 
1.3.1.1 Short-sample critical currents 
1.3.1.2 Superconducting magnets 
1.3.1.3 Precise field measurements 
1.3.2 Thermoelastic plastic effects 
1.3.3 Magnetic susceptibility 

1.4 TRANSMISSION ELECTRON MICROSCOPY 12 
1.4.1 Main applications in materials science 
1.4.2 Imperfection analysis 
1.4.3 Grain boundary analysis 
1.4.4 Elemental analysis, EDX 

1.5 NEUTRON DIFFRACTION 13 
1.5.1 Structure determination of aLi'103 

1.6 THERMOPHYSICAL MEASUREMENTS 14 
1.6.1 Thermal conductivity, intercomparison campaign CEC-BCR 

Publications, Lectures 15 



MATERIALS PHYSICS DEPARTMENT 

Staff 

Semiconductor Physics 

Physicochemistry 
- Characterization of 

radioactive waste 
forms 

- Thermophysical 
measurements 

Metal Physics 

Electron Microscopy 

Neutron Diffraction 

Head of the Department 
Secretaries 

Technical Secretary 

Professional staff 

P. 
M. 

R. 
P. 
W. 

R. 

A. 
J. 
C. 
F. 

P. 

E. 

Nagels 
Van Roy 

De Batist 
Van Iseghem 
Ti'nmermans 

De Com'nek 

Van den Bosch 
Cornell's 
Quaeyhaegens 
Biermans 

Delavignette 

Legrand 

Research fellows 

A. 
A. 
G. 
J. 
Y. 
J. 
I. 

Art (Belgium) 
Bary (France) 
L. Bleris (Greece) 
M. Cayphas (Belgium) 
F. Cheng (P.R. China 

J. Nihoul 
M.J. Webers 
A. 
J. 

L. Delplancke (Belgium) 
de Ruijter (Belgium 

L.Q. Du (P.R. China) 
S. 
D. 

El-Sayed (Egypt) 
Geshef (Belgium) 

I 

Van Hoof 
C. Gerard 

Technical staff 

V. Van den Bergh 

M. Borgers 
A. Hennen-Van Heck 
L. Peters 
M. Segers 
R. Vercauter 
A. Gijs 

R. Vanhoof 
H. Ooms 
J. Vansummeren 
L. Verreyt 

H. Beyens 
L. Neyens 
J. Nieasy 

J. Baudeweyns 

M. Ghodsi (Belgium) 
Th. Karakostas (Greece) 
B. Koch (Belgium) 
Ph. Komninou (Greece) 
S. Lay (France) 
G. Nouet (France) 
J. Smeets (Belgium) 
A.D. Stalios (Greece) 
J. Vicens (France) 
D. Willem (Belgium) 



1.1 PHOTOVOLTAIC CONVERSION OF SOLAR ENERGY 

P. Nagels, J . Smeets, M. Van Roy, D. Ui l lem 

1.1.1 Amorphous s i l i c o n solar ce l l s 

The development of heterojunct ions of the type 
glass/Sn02/p+a-SiC/i a - S i / n + a-Si/metal 
(F ig . 1.1,1) was continued. The optimum depo
s i t i o n condi t ions are rea l ized in tho s ing le -
chamber systems and solar ce l l s reaching a 
conversion e f f i c i ency of 7.3 % can now be 
fabr ica ted in a reproducible way. The c e l l 
cha rac te r i s t i cs are : I s c = 15.1 mA/cm2, 
VQC = 0.762 V, FF = 0.635 and ce l l area = 
0.126 cm2. Experiments were s tar ted to increase 
the c e l l s i z e . One main advantage of the 
plasma-enhanced CVD technique is the j o s s i -
b i l i t y to deposi t on large areas {= n r ) . We 
have found tha t the conversion e f f i c i ency 
d r a s t i c a l l y decreases when increasing the c e l l 
s i ze . We bel ieve that t h i s is mainly caused by 
the e l e c t r i c a l r e s i s t i v i t y of the transparent 
conductive oxide ( e . g . SnC^), since the v a r i 
ations in f i l m thickness are less than 10 %. To 
minimize power losses, ce l l s of la rger sizes 
must be cut i n to small s t r i ps and ser-'es-
connected by l i n k i n g the transparent electrode 
of one c e l l s t r i p to the metal e lectrode of the 
next s t r i p . Laser pa t te rn ing , using a pulsed 
Nd-YAG^*' l ase r , is widely used throughout the 
world to pa t te rn the const i tuent layers of the 
c e l l . Laser sc r ib ing l i thography has many 
advantages, but possesses the demerit that the 
inc ident power used f o r sc r ib ing can damage the 
surrounding layer . Furthermore the high invest
ment cost and the r e l a t i v e l y low c u t t i n g speed 
makes t h i s process less economical. 

i a-Si 

p*a-SiC n*a-Si 
t 
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FIG. 1.1.1 Structure of a heterojunction a-Si 
solar cell 
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FIG. 1.1.2 I-V ch- . rac ter is t i cs of a t yp i ca l 
rd ith a-Si solar cell in the 3 ™ and 4 t n quadrant 

At S.C.K./C.E.N., various alternative pat
terning techniques are under study now, with 
emphasis on the patterning quality and cost. 
Preliminary results show that mechanical 
patterning can meet the target of high quality 
and economy. 

(*) Yt t r ium Aluminium Garnet 

1.1.2 C u r v e - f i t t i n g f o r amorphous s i l i c o n solar 
c e l l s 

In the previous progress repor t (BLG-590), we 
reported the development o f a phenomenological 
model f o r analysing solar c e l l s . We analysed 
g lass/Sn0 2 /p+ a-SiC/i a -S i /n + a-S i /A l so lar 
c e l l s w i th d i f f e r e n t p+ - layer thicknesses. I-V 
cha rac te r i s t i c s were f i t t e d in the 3™ 
(V, > - 5 V) , , th and st q jadrant 
( F i g . 1 .1.2) . Results are given in Table 1.1.2. 
Rsh seems to be independent of the p + - layer 
th ickness. As shown by higher n and IQ va lues, 
recombination increases w i th increasing 
p + - l î y e r th ickness. The tendency of V^ as a 
func t ion of the p+ layer thickness can be 
t h e o r e t i c a l l y derived using an exponent ia l ly 
l i k e f i e l d d i s t r i b u t i o n . The behaviour of the 
m o b i l i t y - l i f e t i m e product u* of the i - l aye r is 
re la ted to the ce l l f ab r i ca t i on i n a s ingle 
chamber system. The p + - layer i s deposited p r i o r 
to the i - l aye r and acts as the source f o r boron 
and carbon incorporat ion in the i - l a y e r . The 
amount of boron atoms in the i - layer becomes 
larger wi th increasing p+ - l3yer th ickness, 
leading to the observed va r ia t i on in u i . I t can 
be concluded that the m o b i l i t y - l i f e t i m e product 
UT is severely inf luenced by the impur i ty 
inc lus ion in the i - l aye r during the p- i -n 
depos i t i on . 
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TABLE 1.1.2 Irfluence of the deposition time of the p+-layer on the photovoltaic performance of 
glass-Sn02-p

+ a-SiC:H-i-n+-Al solar cells (cell area = 0.125 cm2, L2 = 4200 A) 

Deposit, time 
p+-layer (s) (ohm) 

Rs 
(ohm) p8) <» 

"It 
[cm2/V) 

S 
(V/cm) 

xc/L 

60 
90 
120 
150 
180 
360 

l.lxlO3 

l.OxlO5 

6.8xl04 

1.2xl05 

l.OxlO5 

l.OxlO5 

35 
20 
26 
41 
45 
39 

5 
14 
6 
3 
15 
140 

1.59 
1.65 
1.59 
1.67 
1.72 
1.89 

0.86 
0.88 
0.89 
0.87 

87 
92 

2.8xl0"8 

4x10" 
0x10" 
3x10" 
9x10" 
5x10" 

7.1xl04 

1.2xl05 

1.2xl05 

4.8xl04 

I.2xl05 

4.8xl04 

0.25 
0.17 
0.16 
0.14 

21 
17 

1.1.3 Spectral response measurements 

During the last six months, a system was built 
for measuring the spectral dependence of the 
photocurrent at different bias voltages. This 
type of measurements is very useful for ana
lysing amorphous silicon solar cells. A 
tungsten-halogen lamp in combination with a 
Jobin-Yvon H25 monochromator is used as a 
monochromatic lignt source. A small portion of 
the monochromator output is split off and 
focused on a Si-detector. Solar cells can be 
illuminated with monochromatic light in the 
wavelength region from 0.3 to 1.2 urn. The 
monochromatic light is chopped at a frequency 
between 4 Hz and 3 kHz. The intensity of the 
incident monochromatic light is around 
100 uW/cm . The photocurrent is detected using 
standard lock-in techniques. Bias voltage is 
applied using a Keithley voltage source. 
Additional white bias light can be applied 
using a quartz nalogen dichroic mirror lamp. 
Absolute quantum efficiency measurements can be 
performed using a calibrated Si-detector. 
Starting from the absolute quantum efficiency, 
it is possible to calculate the absolute 
short-circuit current using a standard solar 
spectrum (100 mW cm"2; AM 1.5 global). This 
system can also be used for measuring the 
below-gap primary photocurrent. A typical 
quantum efficiency spectrum is shown in 
Fig. 1.1.3.1. The relatively low blue response 
is due to the higher recombination at the p/i 
interface ,o few electrons reach their majority 
region. The spectral dependence of the photo
current at - 1 V and 0.4 V, normalized to the 
photocurrent at zero bias, for a typical solar 
cell, is shown in Fig. 1.1.3.2. The normal
ization cancels the spectral dependences of the 
optical system including monochromator and 
light source. These spectra can be analysed 
using the "variable minority carrier transport 
model". The large reduction in the normalized 
carrier collection efficiency at shorter 
wavelengths is caused by an increase of the 
surface recombination velocity at the front 
side (p-i interface) and by a higher nnTn/upT 
ratio. However, the assumption of a uniform 

internal electric field, which is used in this 
model, is not fulfilled in a typical solar 
cell, especially not in the vicinity of the p/i 
and i/n interface. 

The collection efficiency at the wavelength x, 
ncol(A) of an a-Si:H solar cell is defined by 

ncol(x) = PG(x,x)Pc(x)f(x,x)dx 
o 

Here, ï(x,x) is the absorbed photon number for 
the wavelength x at the distance x. Pç(x,A) is 
the free carrier generation probability. Pc(x) 
is the free carrier collection probability. In 
the absence of germinate and non-germinate 
recombination, which is a very reasonable 
assumption for highly efficient solar cells, 
PQ = 1. Recently, we started the development of 
a computer programme for calculating Pc(x) 
using the spectral dependence of the 
photocurrent at different bias voltages. This 
type of calculations will give a depth profile 
of the solar cell, which is important for 
device design. Preliminary results are very 
encouraging. 
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FIG. 1.1.3.1 ' Collection efficiency 
wavelength of a typical a-Si solar cell 

versus 



FIG. 1.1.3.2 Spectral dependence of the 
normalized photocurrent density under various 
applied bias voltages Va 

1.2 CHARACTERIZATION OF RADIOACTIVE WASTE FORMS 

1.2.1 Development of .-xperi mental facilities 

P. Van Iseghem, W. Timmermans, P. Henrion*, 
D. Huys*. A. Daniels** 
* Nuclear Chemistry Department 
"Laboratory of High and Medium Activity 

A new, reference synthetic interstitial clay 
water to be used in the corrosion tests in 
1.2.2, 1.2.3 and 1.2.4, has been defined. The 
composition (see Table 1.2.1) is based on the 
various analyses performed on in situ samples, 
and refers to non disturbed, non oxidized clay. 

Table 1.2.1 Composition of the synthetic 
interstitial claywater, representative for an 
undisturbed, reducing clay host (ntg I"1) 

MgS04 

KC1 
Na2S04 

NaF 
NaCl 
NaHC03 

CaC03 

humic aci ds 

12.0 
20.0 
1.50 
8.0 
44.0 

1250 
saturated 
150 

New or existing facilities are being developed, 
or adapted, to allow the performance of cor
rosion experiments on: 
- inactive, simulated waste forms in carefully 

controlled redox conditions, closely simulat
ing the conditions existing in the Boom clay 
repository. Therefore, a gas purification 
system, with a capacity of 5 vppm oxygen for 
3 nr total volume, is being connected to a 
set of three glove boxes. 

- fully active waste forms in standard (e.g. 
MCC) conditions. 

(T < <:G0°C) (top 

to leachant 
(bottom left 

and 
and 

Special attention has been given to the design 
of corrosion containers suitable for particular 
experimental (.onditions. In experiments per
formed over the past years, important losses of 
leachant were often observed from the currently 
used teflon containers, resulting in a nor 
negligible amount of experimental results to be 
discarded. This was particularly true for long 
term experiments (t > 180 d) at 90°C, or 
experiments at higher temperature (> 150°C). 
Corrosion con .ainers have been designed to suit 
the following experimental requirements 
(Fig. 1.2.1): 
- tightness with respect to leachant, not with 

respect to atmosphere 
middle); 

- tightness with respect 
atmosphere (T < 200°C) 
micdl-1); 

- use in hot cell facility, tight with respect 
to leachant (T = 90°C) (top left); 

- high pressure experiments (4 MPa - comparable 
with *he pressure ir the clay repository), 
tight with respect to leachant (T < 200°C) 
(right). 

1.2.2 Characterization of bituminized medium 
level waste forms :n view of geological 
disposal 

1.2.2.1 Characterization of Cogema simulated 
bituminized reprocessing sludges 

P. Van Iseghem, J. Remy-Defraigne*, 
W. Timmermans 
•Nuclear Chemistry Department 

This work is covered by a contract with 
NIRAS/0NDRAF (National Agency for Radioactive 
Waste and Fuel). A large effort has been spent 
to the chemical analysis of the bituminized 
samples. Separate analyses were performed for 
the various waste components: 
- cationic species (Ba, Fe, Ni, Co); 
- nitrates and sulphates; 
- water content; 
- sulphides; 
- ferrocyanide. 

As a result, it was found that analytical 
techniques do exist to analyse the cation, 
sulphide and water concentrations. A relatively 
good correspondence was obtained for Co, Ba, S 
with the data provided by Cogema. Non negli
gible deviations for Fe, Ni and the water 
content were observed. 

The analysis of the sulphate and nitrate 
concentrations appears to be limited to the 
soluble compounds in the waste. No way was 
found to analyse the ferrocyanide. 
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FIG. 1.2.1 Schematic of corrosion containers, designed to cope with various experimental 
conditions (two- or ttiree-component tests) 

1.2.2.2 Physico-chemical characterization 
bitumim'zed Eurochemic medium level waste 

of 

P. Van Iseghem, W. Timmermans, R. Reynders*, 
J. Claes* 
•Belgoprocess 

An experimental programme has been agreed in 
August 1986 with the Commission of the European 
Communities (programme 86-89, contract 
FI1W/0094), which is a continuât on of the 
programme carried out during 82-84. The pro
gramme 1s being elaborated in collaboration 
with Belgoprocess. The experiments are focussed 
on the following topics: 
- influence of the specimen size and of press
ure on che corrosion behaviour of inactive or 
fully active bituminized waste samples; 

- evaluation of the physico-chemical properties 
of fully active bituminized waste samples as 
a function of storage time (ageing behav
iour). 

1.2.3 Laboratory and in-situ interaction 
between simulated waste glasses and clay 

P. Van Iseghem, W. Timmermans, Ou L4nn Qing* 
•Institute of Nuclear Engineering, Geijing, 
P.R. China 

This work is covered by a contract with the CEC 

(contract No. FI1W/0100; August 1986 - December 
1987), and is also partly sponsored by 
NIRAS/ONORAF (annex VI with S.C.K./C.E.N.). The 
programme calls for inactive and tracer labora
tory studies, experiments in an external Y 

radiation field and in-situ tests. Results on 
the last two types of experiments were already 
reported in previous progress reports (BLG 584 
and 590). The CEC contract also includes some 
laboratory interaction tests on the Italian 
reference high-level waste glass 8EL-15, which 
are carried out by ENEA Casaccia. 

1.2.3.1 Inactive and tracer corrosion tests 

The programme focuses on the investigation of 
the corrosion mechanisms in clay media for 
three reference high-level waste glasses 
(Cogema glass S0N681817 Lfafyh' Pamela 
glasses SM513LW11 and SH527HEWC) ancf reference 
alpha waste glass WG124, allowing amongst 
others the derivation of the source term. All 
experiments are to be performed in carefully 
monitored redox conditions (reducing or 
oxidizing). The clay media will consist of, 
e.g. 500 g 1"1, mixtures of synthetic 
interstitial clay water and Boom clay (sampled 
in the underground laboratory), or pure liquid 
phases. Both inactive and tracered (by using 
glasses doped with Pu, Np, Tc, Cs, Sr, Fe) 
experiments are in preparation. 
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1.2.3.2 Corrosion tests 
fie 

m a Y 
irradiation coHui Lien is shewn in rig. i.^.t. 

t ; a Tirst means to evaluate the effect of an 
external Y irradiation field upon the corrosion 
of high-level waste glass in clay, a first 
series of experiments has been scheduled. They 
were to last for periods of 50, 100, 340, 670 
and 1000 hours, at a Y irradiation dose rate of 
0.63 x 10^ rad h"*. Presently, four of them are 
finished, while the fifth test (1000 h) is in 
preparation. The data from the fourth ir
radiation confirms the previous data (see BLG 
584 and 590): there is a considerable pro
duction of CO2 and H2 radiolytic gases, and the 
corrosion of the glasses (S0N68, SM513, SAN60) 
aprsars to be slightly enhanced. 

1.2.3.3 In-situ tests 

The experiments in the clay derived atmosphere 
are being installed. Two of the four tubes have 
been completed, by introducing the heater 
elements and the sample holders; the test 
scheme has been slightly changed: two exper
iments will be operated at 90°C, but with 
either oxygen or helium as carrier gas. The 
other tubes will be run with helium carrier 
gas, at clay host temperature or at 170°C. Test 
durations will b?> 2, 6, 24 and 60 months. 

The pore water flix through all foi*- porous 
steel filters mounted in the underground 
laboratory, before completion of the set-up, 
reaches a steady state value of 100 ml m'^d"1. 

Laboratory simulation experiments of the direct 
in-situ interaction with the clay host are 
being performed at 90 and 170°C on HLW glasses 
S0N68, SM58 and SAN60, and TRUW forms FLK77HP 
and UWG124. The data at 90°C yield initial 
dissolution rates between 100 and 200 urn per 
year (first 7 days). 

1.2.4 Repository system simulation test 

P. Van Iseghem, W. Timmermans 

On request of the C lission of the European 
Communities, a test procedure was drafted 
during 1986 for the "Measurement of concen
trations of matrix constituents and radio
nuclides released from nuclear waste forms 
under simulated geological repository 
conditions". These conditions are the inte
grated interaction between the waste form and 
the canister, backfill and host rock. Three 
reference geologies were selected: rock salt, 
granite and (Boom) clay. The waste form and 
canister corres' nd with the French Cogema 
reference higi level waste glass 
S0N681817L1C2A2Z1 and the Cogetna canister NS24. 
The test configuration for the clay repository 

The experimental programme is organized as 
follows: 
- temperature: 90 and 150°C; 
- pressure: equilibrium pressure; 
- waste form: 2 g powder (150 - 250 urn) and 
coupon 

- test duration: from 14 to 720 days (7 test 
durations). 

iptcimin Holdtf itil 

HP 

FIG. 1.2.4 Schematic of the -orrosion container 
to be used in the repository system simulation 
test 
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1.3 METAL PHYSICS 

Superconductivity and thermoelastic plastic 
effects are still the main topics in the study 
on physical properties of metals and metallic 
alloys 

1.3.1 Superconductivity 

A. Van den Bosch, J. Cornel is, N. Maene, 
F. Biermans 

The present studies aim at inve'tigating 
aspects that can help to promote super
conductive technology. They are now focused 
mainly on larje -urrent applications. 

1.3.1.1 Short-sample critical cu»—ents 

To our knowledge, it is the first time in 
history that a Belgian firm, CCH, has fabri
cated samples of superconductive cable from 
NbTi multifilamentary wires. The cable is 
manufactured from several strands each, con
taining six superconductive wires. Manufactur
ing raises questions such ?s how sensitive are 
the critical currents to thermal and/or mechan
ical treatment of the wires. In order to know 
the thermal behaviour, critici! currents have 
been measured on heat treateJ commercial NbTi 
multifilamentary wires. The measurements were 
carried out with existing equipment in magnetic 
miction fields between 5 and 9 tesla (T). 
This field range covers the main working region 
of NbTi at 4.2 K. In an extreme case One 
treatment at 600°C reduced the initial critical 
current of 300 A, measured at 5 T, by two 
orders of magnitude. 

A search for a possible reduction of the 
critical current following mechanical defor
mation of the wires was then carried out on a 
six-superconductive-wire squeezed strand, 
suppliée by CCH. The 1.25 mm wires were rather 
stiff and resulted in a strand that was diffi
cult to mount on the 36 mm diameter sample 
holders used so far. A good conpromise con
sisted in using the S.C.K./C.E.N, magnet HMS2 
(see below) with an inner free bore of 96 mm in 
which a new strand holder was mounted. In Fig. 
1.3.1.1 the signs (0) relate to the critical 
current values, reached in a single wire 
sample, plotted versus the magnetic induction 
field. The cross (+) represents the average 
current intensity per wire, 1000 A/6, that has 
been sent through the strand at 6.4 T without 
reaching the critical value. The values of 
1000 A and 6.4 T were the upper li-.iits of the 
set-up at the time the experiments were carried 
out. The linear interpolation between the 
critical current values of the wire compared to 
the average current per superconductive wire in 

the strand reveals that the cold work on the 
wires during manufacturing of the strand did 
not introduce a detectable degradation of the 
critical current density. 

1.3.1.2 Superconducting magnets 

The superconducting S.C.K/C.E.N. magnet M2, 
which was wound in our Institute with commer
cial NbTi multifilamentary wire, has been 
energized, without quenching, to 10.5 T with a 
magnet current of 260.8 A by lowering the 
magnet temperature to about 2.4 K. The magnet 
had been designed to reach 8 T at 4.2 K. The 
inner free bore of the magnet is 66 mm in 
diameter. It will allow to set up an apparatus 
in which the critical currents will be deter
mined, at induction fields reaching 10 T, on 
short sample wires which are wound on holders 
with an increased diameter. 

Based on the same know-how, a 7 T superconduc
tive magnet was built for a high field HGMS 
(high gradient magnetic separation) system. For 
this system, a cryostat has been procured which 
has a warm inner bore of 60 mm. The supercon
ductive magnet is ready. Its cold inner free 
bore is 96 mm, the intermediate space being 
taken up by the thermal shields. The magnet, 
referred to as HMS2, meets the design values. 
At 4.2 K it quenches at a .maximum energizing 
current of 212.7 A. The faster the energizing 
rate, the lower the quench current. Neverthe
less, HMS2 can be energized in less than 50 s 
to within 0.6 percent of its maximum value. 

1 
„120-00 160.0O ZOO.00 240 00 

Ui 

o 

o 

0 
J 
O 

FIG. 1.3.1.1 Current per wire versus induction 
f ie ld 
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In the preceding report (1986-1) it has been 
shown that, in our Institute, twin magnets had 
been built to ratner close tolerances. The 
success inspired us to give a try to build a 
double Helmholtz coil for generating homogene
ous fields. The first magnet specimen, DHC1, 
was built and meets the design values concern
ing quench field (0.76 T) and main field 
pattern. 

In order to assess the homogeneity of the field 
a nuclear magnetic resonance (NMR) meter, 
ER035N, was out into operation. ?7te unit fs 
designed for measuring the absolute value of a 
magnetic induction field, between 0.045 T and 
2.0 T, wit!i a selectable resolution of 10, 1 
and 0.1 pT. The "ER" version contains all the 
necessary "search" and "lock"-circuitry and the 
frequency counter. The search speed is 
0.025 T s , the precision of the counter time 
base is Z x W'8 on a short term but typicaHy 
3 x 10"° y"1. The accuracy of the field 
measurement is better than 5 x 10*6. The NMR 
system functions at room temperature. The 
homogeneous field magnet, DHC1, therefore was 
mounted in the "magnetic separation" cryostat 
so that the field was measured in the warm 
bore. At 0.56 T the reproducibility of the 
whole set-up was about 3 x 10"5. The limit is 
due to the precision .̂ n the measurement of the 
magnet current. Deviations from the average 
field value of 0.1 % consequently are measured 
to a rather high precision. It is felt that by 
improving the winding the homogeneity may be 
upgraded by a substantial factor. 

One more tool, to be used in the study of 
superconducting magnets, has been made oper
ational. It is the 200 A, 6 V power supply that 
can gener?te currents of either polarity with a 
long-term stability of 2 mA over its full 
range. It is capable of a continuous sweep 
crossing the zero at a constant rate. The 
apparatus will facilitate the measurement of 
the hysteresis loops of superconducting 
magnets. 

For the study of transient phenomena in super
conducting technology, a programmable transient 
recorder TS9004 has been connected to a PC 
computer by an IEEE488 interface. The recorder 
has 4 channels of 64 k memory each with a 
resolution of 12 bits. The input ranges from 
10 mV up tr 100 V, and has 10 time bases with 
sampling i-iter«als from 1 us up to 10 s. Block 
mode recording, with or without pretrigger, 
enables the user to capture fast successive 
transients and to compare signals from differ
ent measurements. The apparatus has a graphical 
and preliminary analysing possibility. In 
addition a computer programme has been devel
oped to obtain complete remote control of all 
settings and data as well as in- and output 

transfers. The programme also includes possi
bilities on the computer by using a software 
package for scientific and engineering appli
cations. The computer programme has been used 
by a guest scientist (P. Meynen) to obtain the 
degree of "speciale licentie in informatica" at 
the "Vrije Universiteit Brussel". 

1.3.1.3 Precise field measurements 

With the Hall sensor at a temperature near 
2.4 K, the magnetic induction field has been 
followed, at the centre of the superconducting 
magnet M2, during the ramping up to 10.5 T and 
down to zero again. In the field range up to 
8 T the parameters, which relate the Hall 
voltage to the magnetic induction field, differ 
slightly from those calculated from data taker, 
previously at 4.2 K. The amplitude of the 
oscillatory term, which is superposed on the 
proportionality constant, increased. The 
analysis of the data is going on. 

1.3.2 Thermoelastic plastic effects 

N. Maene, J. Cornell's, R. De Batist, 
C. Quaeyhaegens, F. Biermans 

This contract deals with the observation of the 
evolution of the sample temperature during a 
tensile test. The minimum temperature occurs at 
the transition from the elastic to the plastic 
regime. The work was performed in collaboration 
with the CESNEF (Centro Studi Nucleari Enrico 
Fermi) laboratory at Milano. 

The first part consisted in a round robin 
tensile test OM AISI316 steel from CESNEF and 
J'Fe low carbon steel from S.C.K./C.E.N, with 
cross-checks on the machining and testing as 
described in the previous semi-annual report 
dated 1986-1. The influence of the sample 
diameter and length was found to be obscured by 
the individual differences among the samples. 
Local heterogeneities appear to play a major 
role, especially with the 37Fe low-carbon steel 
where the transition is rather abrupt and may 
start in a region away from the extensometer 
and thermistor. The dispersion on the limit 
stress, where the elastoplastic transition 
takes place, is not much more favourable than 
the dispersion on the 0.2 % strain limit, which 
sets a serious limitation to the usefulness of 
this technique. 

The second part was connected with the exten
sion of the method to lower temperatures. A 
double-walled cryostat is mounted around the 
sample under tensile test. The second wall 
consists of a copper mantle around the sample 
in order to homogenize the temperature (see 
Fig. 1.3.2). The average liquid nitrogen flow 
into the cryostat is controMed by an 0N-0FF 
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FIG. 1.3,2 Double temperature regulation 

regulation of the gas pressure in the dewar by 
magnetic valve No 2. In a first phase, the 
liquid is also admitted inside the copper 
mantle in order to speed up the cooling 
process. In a second phase, magnetic valve No 1 
is closed and the liquid is only admitted to 
the outer space where a fan circulates the cold 
gas around the mantle. This operation stabil
ized the temperature fluctuations to less than 
1/100 K around 228 K. It was demonstrated by a 
measurement of the thermoelastic plastic effect 
that this more than meets the requirements. 

A joint report, written with CESNEF, is being 
distributed and closes the work on this 
contract. 

1.3.3 Magretic susceptibility 

A. Van cien Bosch 

In the period considered, magnetization of 
small superconducting discs has been studied 
quantitatively following the Faraday method. 
The measured data have been analysed to yield 
values for the permanent and the induced 
moments. The analysis revealed flux-trapping 
and flux-expulsion. For vanadium discs, cooled 
down to the measuring temperature 3 K in fields 
lower than 10 mT, it is observed that the sum 
of the magnitudes of the susceptibilities, 
related to i) the Meissner-Ochsenfeld effect 
and i1) the frozen-in currents, is equal within 
experimental error to the magnitude of the 
susceptibility at the induction of the moments 
at 3 K b) - derating similar fields. The lead 
discs show a similar magnetic behaviour in the 
lower fie'M region while saturation effects 
have been observed at higher fields. Saturation 
appears in the susceptibilities which are lower 
when the moments are induced by higher fields. 

The Tixiwz! magnetic Tinmcntc are smaller for 
thinner than for thicker samples anci for higher 
than for lower sample temperatures. The satu
ration effects can be explained in terms of 
critical current densities. The magnetic 
behaviour relates to hysteresis effects. 

Static magnetic susceptibility values, whi_h 
had been measured on an a-quartz single 
crystal, kindly procured by Dr C. Laermars of 
the KUL, were analysed. The analysis resulted 
in relative unpaired-electron concentrations in 
a non-interacting-, ferromagnetically- and 
antiferromagnetically-coupled 'tate. The 
crystal had received a total fluence about 

1 ft 7 
6 x 10 i o n cm of fast neutrons with energies 
above 0.3 MeV. The magnetic behaviour of the 
reactor irradiated KUL crystal compares well to 
that of a cormerly studied S.C.K./C.E.N, one, 
which got about twice this fluence. The analy
sis result indicates that the radiation damage 
is independent of the origin of the samples. 
After the susceptibility measurements, the KUL 
sample has been heated in vacuum for 1 hour at 
200°C and remeasu'-ed. In an earlier 
S.C.K./C.E.N, experiment a similar neutron-
irradiated sample had been subjected to the 
same heat treatment. The susceptibilities, 
which at that time had been measured only at 
temperatures above 65 K, indicated that the 
number of unpaired electrons did not change 
with the heat treatment. The present low-
temperature study allows to state that also the 
relative concentrations remained nearly un
altered. The electronic configurations of the 
defect centres seem to be stable under the heat 
treatment. 

1.4 TRANSMISSION ELECTRON MICROSCOPY 

1.4.1 Wain applications in materials science 

P. Delavignette, L. Neyens 

Transmission electron microscopy (TEM) in 
bright and dark field and electron diffraction 
have been jointly used to study and character
ize the distribution and its degree of crystal
lization of small platinum particles on a 
graphite substrate used as electrode in a fuel 
cell. The heterogeneity of the distribution and 
its evolution during the use of the fuel cell 
have been investigated. 

Few satisfactory methods exist for the local 
thickness determination of thin films (less 
than 100 nm). This is possible in a trans
mission electron microscope, by a direct 
measurement, if part of a deformable film may 
be oriented on edge. The method has been 
experimented on thin anodic titanium films. 
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Thin films of different oxides deposited on the 
glass for industrial purpcses have been exten
sively analysed using combined methods such as 
electron microscopy for the characterization of 
the crystalline grain structure and the pres
ence of crystalline imperfections, electron 
diffraction for the characterization of the 
different crystalline phases present in the 
preparation and X-ray emission spectroscopy 
(EDX) for the determination of the chemical 
composition. In the present case, the low 
thickness of the deposited layers (of the order 
of 50 nm) did not allow characterization of the 
deposits by any other method. 

A tentative analysis of the degree of crystal-
linity of poorly crystallized polymers has been 
undertaken. It appeared that the electron beam 
strongly influenced the state of material under 
observation. 

1.4.2 Imperfection analysis 

P. Delavigr.ette, L. Coheur, D. Geshef 

Ferritic steels have been characterized with 
respect to grain size, grain shape ana distri
bution. Also the imperfection content within 
the crystalline grains has been investigated, 
i.e. the dislocation density and distribution 
and the oxide dispersion. These characteristics 
have been related to the mechanical treatment. 

The implantation characteristics of helium gas 
in a stainless steel using various types of 
implanters have been investigated in collabor
ation with two universities (ULB and VUB). The 
conditions for the formation of gas bubbles 
have been determined, also the influence of the 
dislocations and the grain boundaries on the 
gas bubble nucleation and growth and on the 
resultant gas bubble distribution. 

l.'1.3 Grain boundary analysis 

P. Delavignette, G. Nouet 

Precise orientation determination using elec
tron diffraction has been established Cl,2], 
making use of a rigorous treatment of the 
orientation information given by the Kikuchi 
lines. An application of this treatment to the 
determination of coincidence grain boundaries 
in tungsten carbide has shown the frequent 
presence of 1 = 2 coincidences (-.exagonal 
system) C33, Deviations of these orientations 
have been detected; these deviations are 
accommodated by dislocation networks. 

The rigid body translation observed in an 
incoherent twin boundary in silicon has been 
determined. The boundary plane was (211) and 
the displacement vector was fi = \ C0113, 

according to the a-type fringe contrast given 
in different common reflections [4]. 

1.4.4 Elemental analysis, EDX 

P. Delavignette, L. Neyens 

The smectites are an important group of small 
silicate layer particles present in clay. An 
analysis of the morphology of these particles, 
their crystallography and *heir chemical 
composition has been undertaken in collabor
ation with the University of Liege. Lattice 
resolution of the complex layers has been 
investigated. The great similarity of their 
structure as it is revealed in a TEH does not 
allow an identification of the different 
particles. Therefore a combined identification 
has been performed using TEM, electron diffrac
tion and EDX. 
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1.5 NEUTRON DIFFRACTION 

1.5.1 Structure determination of gLiI03 

E. Legrand, Yu-Fen Cheng 

The measurements on the LilOj crystals were 
continued. During the measurements in an 
external electric field, it was found that the 
diffracted intensity changed with time. Fig. 
1.5.1 illustrates the charge of the peak 
intensity of the (002) reflection with time 
after the application of a potential difference 
of 300 V (taking into account the dimensions of 
the crystal, this corresponds to a field of 
about 100 kV m " 1 ) . .'ie intensity increases with 
time, going through a maximum after about 
30 min and seems then to decrease slowly to a 
constant value. After removing the electric 
field the diffracted intensity drops gradually 
to an equilibrium which is higher than the 
initia! intensity . By changing the polarity of 
the external electric field a similar behaviour 
is found but the maximum intensity is much 
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FIG. 1.5.1 The relaxation of the diffraction intensities after the application and subsequent 
removal of a DC field of 100 kV m"1 

lower. Similar phenomena were not observed with 
another ferroelectric crystal (DKDP). 

1.6 THERMOPHYSICAL MEASUREMENTS 

1.6.1 Thermal conductivity, intercomparison 
campaign CEC-BCR 

R. De Coninck, A. Gijs, M. Geladi-Heylen 

M.asurements and associated examinations in the 
framework of an intercomparison campaign, 
conducted by the CEC-BCR, have been concluded 
and the final report of this contract 
(No 2405/l/4/268/2-BCR-B(10)) has been submit
ted. The objective was to improve the methods 
of measuring thermal conductivity, but es
pecially to produce and certify a reference 
material of very low thermal conductivity for 
temperatures between 250 and 900°C. The ma
terial proposed for this campaign was calcium 
silicate "Skamclex" ( C a S ^ ) , as prepared by 
"Hoogovens Ijmuiden", The Netherlands. 

Measurements were carried out using tue "sinus-
oidally modulated electron beam thermal diffus-
ivlty method". This method calls for only very 
small samples. It offers the possibility of 
measurements on several specimens which are cut 

out of the original, anisotropic sample brick 
at many locations and with different orien
tations. In this way a good insight in the 
conductivity distribution as a function of 
location and orientation was obtained. 

Also comparative results, obtained with an 
apparatus measuring directly thermal conduc
tivity, were given. 

The measurements were supplemented by an 
extensive additional characterization of the 
sample material. Determinations were carried 
out of the density, porosity, water release, 
specific heat, thermal expansion, radiation 
transmission for visible and infrared wave
lengths, emissivity and DTA and TG analysis as 
a function of location and orientation ar•-., 
where possible, as a function of temperature. 

All advantages and drawbacks of the material 
were enumerated. 



15 I j ^ 

Publications 

Characterization of simulated radioactive waste 
forms 
P. Van Iseghem, W. Timmermans 
Progress report R-2727 (1986) 

Analyses de dislocations dans les joints en 
orientation de coïncidence: cas du WC 
S. Lay, P. Delavignette, G. Nouet, J. Vicens 
J. de Hier, et Spec. El. 11. (1986) 5a 

Determination précise de de l'écart à la 
coïncidence des joints de grains à forte 
désorientation 
P. Ayed, A. Bary, P. Delavignette, S. Lay, J. 
Vicens, G. Nouet 
J. de Micr. et Spec. El. 11 (1986) 40a 

Rigid body translation in the (211) twin 
boundary in Si + 

Ph. Komninou, Th. Karakostas, P. Delavignette 
J. Mat. Sci. 21 (1986) 3817 

How to determine by TEM the deviation to the 
coincidence in grain boundaries 
A. Bary, S. Hagège, P. Ayed, J. Vicens, S. Lay, 
P. Delavignette, E.K. Polychroniadis, Ph. 
Komninou 
Proc. XI t n International Congress on Electron 
Microscopy, Kyoto (1986) p. 1325 

Thermoelastic plastic measurements applied to 
tensile tests of metallic samples 
M. Beghi, F. Biermans, C E . Bottani, G. 
Caglioti, J. Cornells, R. De Batist, N. Maene, 
C. Quaeyhaegens 
Final Report, November 1986 

I-V curve fitting for a-Si:H solar cells 
J. Smeets, M. Van Roy, P. Nagels 
Proc. Seventh E.C. Photovoltaic Solar Energy 
Conference, Eds. A. Goetzberger, W. Paltz, 
G. Willeke, Reidel Publ. Comp., Sevilla (1986) 
p. 539 

Wase form and waste package characterizau.on 
studies related to disposal in geological clay 
formation 
R. De Batist, P. Van Isegh'em, F. Casteels 
High Level Nuclear Waste Disposal, Proc. of the 
International Topical Meeting, Pasco, 
Washington (USA), September 24-26, 1985, Ed. by 
H.C. Burkholder, Battelle Memorial Institute, 
Columbus, Richland (USA) (1986), p. 585 

Lectures 

Electrical properties of polymers prepared from 
iodo-4-(nitrophenyl)acetylene 
M. Rotti, H. Krikor, P. Nagels 
Highly conducting iodine-doped poly(copper-yne) 
from phenyl acetyl ene 
H. Krikor, M. Rotti, P. Nagels 
International Conference on Electronic 
Processes in Conducting Polymers, Vadstena 
(Sweden) 
August 18-20, 1986 

Precise Hall measurements at 4.2 K in 
superconducting magnets 
•J. Cornelis, F. Biermans, N. Maene, A. Van den 
bosch 
1986 Applied Superconductivity Conference, 
Baltimore (U.S.A.) 
September 27 - October 9 (1986) 

Programme 1986-1989 on waste form 
characterization 
P. Van Iseghem 
First Meeting of Working Group for Task 3, 
Karlsruhe (FRG) 
October 6-9, 1986 

2 n d International Workshop on Leaching of Low-
and Medium Level Waste Packages under Disposal 
Conditions 
R. De Batist 
Brookhaven National laboratory, Upton (U.S.A.) 
October 13-16, 1986 

Workshop "Arbeitskreis Thermophysik - Deutsche 
Keramische Gesellschaft e.V" 
R. De Com nek 
Transurane Institut Karlsruhe, Karlsruhe (FRG) 
October 20-21, 1986 

I-V curve fitting cor a-Si:H solar cells 
J. Smeets, M. Van Roy, P. Nagels 
7 t n European Photovoltaic Solar Energy 
Conference, Sevilla (Spain) 
October 27-31, 1986 



1.7 A% 

C H A P T E R 2 

METALLURGY DEPARTMENT 

H. TAS 



19 

REPORT OF THE METALLURGY DEPARTMENT 

2.1 STAFF 20 

2.2 MATERIALS PROCESSING 21 

2.2.1 Development of ODS alloys for high temperature service 
2.2.2 Qualification of ODS ferritic steel fuel cladding for fast neutron 

reactors 
2.2.3 Production of thin-walled stainless steel tubes 
2.2.4 Multifilament Nb3Sn superconductors 
2.2.5 Plasma spray coatings 

2.3 MATERIALS PERFORMANCE 24 

2.3.1 Mixed oxide fuel irradiation for fast neutron reactor development 
2.3.2 Effect of neutron irradiation on the fatigue properties of AISI 316 

stainless steel 
2.3.3 Compatibility of solid breecer materials with cladding materials 
2.3.4 Mass transfer in liquid lithium and lithium lead 
2.3.5 Impurity sensors for liquid breeders 
2.3.6 Primary circuit surveillance for Belgian nuclear power plants 
2.3.7 Corrosion of candidate overpack materials for the containment of 

high level radioactive waste in deep geological clay formations 
2.3.8 Corrosion of construction materials for high temperature heat 

exchangers 
2.3.9 On-site material damage evaluation for low enthalpy geothermal 

venture based on saline cretaceous water 

2.4 MATERIALS CHARACTERIZATION 34 

2.4.1 Thermal analyses 
2.4.2 Fracture mechanics 

2.5 PUBLICATIONS, REPORTS AND LECTURES 38 

REFERENCES 



20 

2.1 STAFF 

Department Head: H. Tas 
Secretary: I. Kesselaers 

Professional Staff 
L. Coheur 
A. De Bremaecker 
W. Debruyn 
S. de Burbure de Wesembeek 
A. Delbrassine 
F. De Schutter 
L. De Wilde 
J. Dresse!aers 
J. Gedopt 
M. Hannotiau 
P. Lemaitre 
S. Van Essche - Heusdains 
Ph. Van Asbroeck 
W. Vandermeulen 

Technical Staff 
A. Cools 
M. Heylen - Gel adi 
W. Hendrix 
L. Knaepen 
J.-L. Puzzolante 

Trainees 
R. Chaouadi (1) 
A. Nadji (2) 
A. Ying (3) 

Te 
J. 
H. 
Ph 
L. 
G. 
J. 
P. 
M. 
G. 
P. 
G. 
L. 
H. 
G. 
J. 
M. 
L. 
G. u! 

chnicians 
Buttiens 
Cools 
. de Fays 
Driesen 
Frederick/ 
Hooyberghs 
Hooyberghs 
Kaers 
Kelchtermans 
Lens 
Michiels - De Leyn 
Ni easy 
Peeten 
Thomas 
Vandenberk 
Van Doorslaer 
Van Hees 
Verreyt 
Vreys 

(1) From: Commissariat aux Energies Nouvelles, Algeria 
(2) From: Esfahan Nuclear Technology Center, Iran 
(3) From: Atomic Energy Institute, China 



21 

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, suitable Ni and 
Fe-base ODS (oxide dispersion strengthened) 
alloys are being developed. 

The alloys are made by the Powder Metallurgy-
route (PM) involving the powder beating 
process developed at CEN/SCK. At the envisaged 
temperature range of 800°C to over 1000°C, 
grain boundary sliding contributes substan
tially to creep deformation. Recrystallization 
treatments are therefore applied to transform 
the fine grain microstructure of the extruded 
material into a large grain microstructure 
which should give rise to an increased high 
temperature creep resistance. 

The Ni-base 00S alloy C01Y05 (22.5 Cr, 19 Co, 
2 W, 1 Nb, 1.4 Ta, 3.7 Ti, 2 Al, 0.5 Y 20 3, 
balance Ni) was submitted to thermal treat
ments aiming at secondary recrystallization. 
In spite of the fact that several processing 
parameters were modified no overall grain 
growth, microstructure could be induced. It is 
interesting to note that other ODS Ni-base 
alloys prepared in the framework of the 
collaboration with CCH (Câbleries et Corderies 
du Hainaut) and processed in a similar way did 
show secondary recrystallization. This seems 
to indicate that some alloy compositions are 
refractory to this secondary recrystalliza-
tion. 

Large grain ferritic ODS alloys (13.0 Cr, 1.5 
Mo, 0.6 or 2.0 Ti, 0.5 Y 20 3, 3.0 or 0.0 Al, 
balance Fe) have been submitted to 1000 hour 
oxidation tests in air at temperatures between 
900°C and 1250°C. Weight change data and 
metallographic analyses are being performed. 

In the framework of the collaboration contract 
with Câbleries et Corderies du Hainaut a joint 
working group was established as a preparatory 
step towards a joint enterprise for the 
industrialization of the beating process. 
First action of the working group has been a 
thorough market study for the ODS alloys, 
performed with assistance of a consultant. As 
the prospects appeared to be very promising a 
business plan was made. Final conclusions of 
the working group are expected for the first 
semester of 1987. 

2.2.2 qualification of ODS ferritic steel fuel 
cladding for fast neutron reactors 

A. Delbrassine, A. De 8remaecker, L. De 
Wilde, S. de Burbure, J. Gedopt 

The Metallurgy Department has developed oxide 
dispersion-strenghtened (ODS) ferritic alloys 
as core material (more exactly canning mate
rial) for fast neutron reactors from its 
inception up to the demonstration in prototype 
reactors. These alloys were initially chosen 
for their resistance to high-temperature 
embrittlement. However, the main advantage of 
the ferritic matrix (b.c.c. structure) which 
emanated since, is the absence of any swelling 
at high neutron dose and the limited irradia
tion creep. The oxide dispersions have a 
strengthening effect upon the ferritic matrix 
and increase the high-temperature creep 
resistance of the basic alloy. 

Two alloys differing by the nature of the 
oxide addition (Y2Û3 or Ti02) have been 
developed. Their nominal compositions are 
given in Table 2.2.2. Because of the high 
titanium content of these alloys an interme-
tallic phase (X-phase), which is extremely 
stable at high temperature can be made to 
precipitate. The presence of this X-phase 
induces creep properties at 700°C which are 
superior to those of austenitic stainless 
steels. 

The development of a fabrication technology 
for the ODS .ferritic alloys has focussed 
during the last ten years on the search for 
the best compromise between the production of 
a tube with the best high-temperature mechani
cal properties and an economically attractive 
fabrication route by which the required 
nuclear quality tubing could be produced. The 
first stage of this development has been 
successfully concluded by the pilote-scale 
production of the cladding tubes fot the 
experimental fuel pins of 2 standard Phénix 
fuel elements (2 x 217 pins). 

Table 2.2.2 : Typical composition 
ferritic alloys (wt. %) 

Cr Mo Ti t o t 0 2 (*) 

DT 2906 13 1.5 2.9 0.6 
DT 2203Y05 13 1.5 2.2 0.3 

(*) bound to titanium 

of ODS 

Y2°3 

0.5 

I^pi_le behaviour 

The main concern of the designers of a fast 
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neutron reactor core is the void swelling 
which is observed in all austenitic steels at 
high neutron doses (over 90 dpa NRT) {*). 
After an incubation period, all these stain
less steels are found to swell at the same 
rate (1 % per dpa NRT) without any sign of 
saturation effect, which would limit the 
damage. On the contrary, for reasons not well 
understood so far, ferritic or martensitic 
stainless steels do not seem to swell to any 
significant extent; the target neutron doses 
[80 dpa NRT at 400°C, 150 dpa NRT at 500°C and 
90 dpa NRT at 600°C] foreseen in commercial 
fast neutron reactors can be reached without 
any undue deformation of the structure or of 
the canning material. 

Fifteen years ago, irradiation at low neutron 
doses in the BR2 reactor showed high-tempera
ture embrittlement of OPS ferritic alloys to 
be limited in comparison with austem'tic 
stainless steels such as AISI 316 and high 
nickel alloys. Based on a statistical analy
sis, it could be demonstrated that the crystal 
structure was the most significant factor 
(b.c.c. for the ferritic matrix, f.c.c. for 
the austenitic one) followed by the fabrica
tion method and by the presence of nickel. 

Irradiation-enhanced creep (in-pile creep) has 
also been found to be very low. It has been 
measured on pressurized tube samples irradia
ted in experimental fast neutron reactors 
(Rapsodie and PFR). This in-pile creep is the 
total creep effect observed in the reactor, 
which is the sum of the thermal- and irradia
tion-induced creep deformation. Early results 
have shown that the irradiation-creep modulus 
of ODS ferritic alloys decreases with tempera
ture, whereas the creep modulus of the conmer-
cial ferritic steels increases. 

With the introduction of two complete ODS 
ferritic assemblies in the Phénix reactor, to 
be irradiated up to the commercial reactor 
target neutron doses, a decisive step is taken 
towards the final demonstration of in-reactor 
reliability of the material. At the end of 
1986, two capsules containing experimental 
fuel pins have reached 72 and 67 dpa NRT 
respectively, -.ie of them will be reloaded in 
order to accumulate a dose of 120 dpa NRT. 
Pressurized capsules irradiated at 410°C in 
the British PFR 'factor have sustained a dose 
of 75 dpa NRT without showing local diameter 
variations exceeding 0.6 %. Other devices 
containing pressurized tube samples are loaded 

(*) dpa NRT: radiation damage expressed as 
displacement £er atom according to an IAEA 
model developed by three scientists: Norgett, 
Robinson and Torrens 

in PFR for producing data at 5C0°C and 600°C. 

Fig. 2.2.2 gives an overview of the present 
situation and the future key irradiation data 
to be generated (120 dpa NRT will be reached 
in 1889 and 150 dpa NRT in 1991). The most 
valuable information emanating from present 
partial results is that no undue deformation 
of the ODS ferritic alloys has occurred at 
400°C after a neutron exposure up to the 
commercial target dose. 

Fig. 2.2.2 : Target neutron dose of ODS 
ferritic fuel pin experiments loaded in the 
French Phénix reactor (Idefix, Fétiche, 
Poussix) and present state of pressurized 
capsule irradiation experiments loaded in the 
British PFR reactor (Ripcex-Porridge, PFR-M2) 

2.2.3 Production of thin-wulled stainless 
steel tubes 

L. Oe Wilde, J. Gedopt 

The department has the know-how and equipment 
for producing limited amounts of thin-walled 
tubing to nuclear standards. On request of 
Kernforschungszentrum Karlsruhe (KfK) a pilot 
series of WN 1.4914 ferritic steel tubing, to 
be used for material irradiation programs, has 
been extruded and cold drawn to final dimen
sions of either 7.60/6.60 mm or 6.00/5.20 mm. 
Two hundred meters of tubing have been produ
ced and sent to KfK in November 1986. Before 
forwarding, dimensional and ultrasonic con-
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trois have been performed. No tubes had to be 
rejected for dimensional reasons. Ultrasonic 
testing revealed however some isolated reflec
tions slightly above the reference defect 
signal. These signals could not be correlated 
to fabrication defects. A possible explanation 
may be found in the presence of relatively 
large carbide particles. For this reason, 
additional ultrasonic controls are planned at 
KfK. 

A further fabrication campaign involved 
extrusion and cold drawing of a non-commercial 
austenitic itainless steel to final dimensions 
of 7.60/6.60 mm, 6.55/5.65 mm and 6.00/5.24 
mm. After optimization of the extrusion and 
cold drawing procedure, about 30 meters of 
tubes with the above-mentioned final diameters 
have been supplied to KfK for microstructural 
and mechanical characterization. 

2.2.4 Multifilament Nb^Sn superconductors 

L. De Wilde 

As an alternative to the bronze route, fabri
cation tests of multifilament wire containing 
pure copper, niobium and an internal tin 
source have been performed. In a f i rst step, a 
copper-niobium composite bil let was extruded 
:o a 15 mm diameter rod, which was further 
cold drawn to 3 mm wire without intermediate 
ann?aling steps. A number of these wires were 
bundled around a central core wire with a high 
tin content and clad with a copper tube. This 
assembly was cold drawn to 1 M diameter wire 

Fig. 2.2.4 : Geometry of cold drawn Cu/Nb/Sn 
multifilament : central tin source, surrounded 
by 510 niobium filaments in pure copper matrix 

without annealing. Fig. 2.2.4 shows a typical 
micrograph of such 1 mm multifilament consis
ting of a pure copper matrix with 510 niobium 
filaments around the central tin source. 

Diffusion treatments were applied for genera
ting the superconducting Nb?Sn phase. Scanning 
electron microscopy revealed a geometry, as 
shown in Fig. 2.2.4, which is not appropriate 
for creating superconducting filaments by a 
thermally activated process. Indeed, the 
diameters of the niobium filaments (about 15 
urn) and of the central tin source (about 350 
um) are too large for complete diffusion of 
the tin into the niobium filaments. 

2.2.5 Plasma Spray Coatings 

S. Van Essche-Heusdains, K. Hannotiau 

The experimental programme concentrated on 
optimization of the spraying parameters with 
particular attention to the effect of the 
powder mixing and gun handling on the coating 
quality* feasibility tests for applying SiC 
containing coatings and coating quality 
upgrading by additional treatments. Further, a 
wide variety of simple anr" complex coatings 
was applied as part of other SCK/CEN program
mes and on request of industrial clients. 

Comparative experiments were performed with 
premixed powders fed into the plasma through 
one powder injector and with the composing 
powders fed into the plasma through different 
powder injectors. In the latter case the 
required relative amounts of each of the 
powders can be programmed and is automatically 
controlled by the distribution module of the 
equipment. These experiments yield essential 
information to optimize the conditions appli
cable on gradated coatings. 

The relative translation rate between the 
plasma gun and the coated object was found to 
affect the qual .ty of the coating. An autor;-
tic gun translation device will be installed 
to better control this effect and improve the 
quality of the coatings. 

Gradated coatings of NiCrAl and SiC were 
applied with different spraying parameters. 
Because of the high-temperature instability of 
SiC, such coatings are very difficult to 
realize. Microstructural analyses revealed 
only l i t t l e SiC in the coatings produced so 
far. 

Coatings produced by plasma spraying often 
contain a large fraction of internal and 
external porosities (up to 10 Z) and sometimes 
show insufficient internal cohesion or adhe
sion to the subsli "ite. An experimental pro-
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gramme has been started to evaluate and 
optimize techniques to cure these deficien
cies. This project is supported by the 
"Vlaamse Executieve" (Regional Government). By 
laser processing plasma sprayed ceramic 
coatings can be given a thin glazed top layer 
with little or no remaining external porosity. 
In this way corrosive agents car. no longer 
penetrate into the coating and reach the 
substrate, which is an essential requirement 
if the coating must have a protective function 
against the working environment. Fusion of the 
full coating thickness by laser processing can 
be applied for internal porosity reduction and 
adhesion improvement. A Nd:YAG pulsed laser is 
used for these surface treatments. 

Hot isostatic pressing (HIP) is an other 
technique to reduce porosity and improve 
adhesion and cohesion of plasma sprayed 
coatings. The first experiments were performed 
on metallic bond coats (used as transition 
layer to obtain a better adhesion between the 
metallic substrate and a ceramic topcoat) and 
homogeneous ceramic coatings. These same 
treatments will also be given to plasma spray 
and flame spray coated industrial workpieces. 

A wide variety of metallic, ceramic, single, 
multiple and gradated coatings, can and have 
been applied on request of industrial clients 
and as part of several other CEN/SCK program
mes such as the development of corrosion 
resistant heat exchanger pipe material 
(2.3.8). 

Ffg. 2.2.5.1 : Seaming electron lutge of 
NiCrAl powder used for producing bond coats, 
which are applied as intermediate layer 
between a metal substrate and a '•eramic 
topcoat 

Fig. 2.2.5.2 : Scanning electron Image of a 
composite SiC-copper plasma sprayed coating 

2.3 MATERIALS PERFORMANCE 

2.3.1 Mixed oxide fuel irradiation for fast 
neutron reactor development 

A. Oelbrassine 

2.3.1.1 Farfadet_Experiments 

The FARFADET irradiation configurations are 
designed to reproduce the fuel behaviour at 
the beginning life in a fast reactor environ
ment. 

Hon destructive examinations of the two first 
Farfadet (Fast Reactor Fuel Analyses and 
Design Test) rigs irradiatied in BR2 are in 
progress. 

After completion of these examinations the 
irradiation conditions for the four other 
devices will be defined. Loading in BR2 of 
these is foreseen for autumn 1987. 

2.3.1.2 Prophete_expériment 

Objective of the PROHETE experiment was to 
qualify a Ti-stabilized austenitic steel (type 
UN 1.4970, aged condition) as reference 
cladding material for the first core of the 
Super-Phénix 1 fast neutron reactor. The 
irradiation dose accumulated in the cladding 
was 83 dpa NRT. During the post-irradiation 
examinations special attention was paid to 
phenomena occurring at the fuel-clad interfa
ce. 



Bottom fuel-blanket interface 

There is little interaction between the fuel 
and blanket pellets. The radial plutonium 
distribution in the fuel column is similar to 
what has be°n observed in radial cuts located 
at the maximum deformation levels of the 
cladding. The blanket pellets were broken and 
the clad-pellet gap was filled with metallic 
and oxide phases containing fission products. 
Although the solid-solid contact was well 
developed, no chemical interaction could be 
observed. 

The fission products filling the gap were 
under metallic and ceramic form and concentra
ted at the top of the blanket column where 
caesium peaks were detected by y-spectrometry. 
Top fuel blanket interface 

No change of the initial geometry of the fuel 
pellet and no formation of columnar grains 
could be observed. The chemical fuel-clad 
interaction in front ot the fuel column was 
similar to the picture described further and 
the reaction depth could be correlated with 
tne fission products present on the inner clad 
surface. More interesting was the continuous 
change in morphology of the corroded zone in 
the vicinity of the first blanket pellet 
indicating how important the mobility diffe

rence is between the fission products involved 
in the corrosion process. 

A transverse metallographic cut located in the 
upper part of the fuel column was analysed and 
the presence of a corrosion zone was observed 
with both metallic and ceramic phases at the 
grain boundaries. Eroded zones and some 
metallic stalactites were present, related to 
local zones of more pronounced inter"-anular 
attack. The depth of this attack did not 
exceed 100 urn. 

Analysis of this corroded zone by electron 
probe microanalysis (EPMA) revealed the 
presence of palladium under metallic form at 
the grain boundaries. Caesium chromate and 
caesium molybdate were also present but did 
not penetrate so deeply. The latter observa
tion will be checked accurately during the 
examination of the other pins as this could 
reveal a new corrosion mechanism involving 
metallic fission products. 

Electron probe microanalysis (EPMA) was 
performed on the corroded zone of the canning 
located at the maximum neutron flux. Both 
metallic and oxidized molybdenum were identi
fied confirming the low local oxygen potential 
'.t the outer fuel pellet surface. 
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2.3.2 Effect of neutron irradiation on the 
fatigue properties of AISI 316 stainless 
steel 

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

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

The fatigue resistance of the first wall 
materials of a fusion reactor is one of the 
key properties which will determine reactor 
life. Moreover, during reactor operation these 
materials will be subjected to irradiation 
with fast neutrons. It is therefore necessary 
to investigate the possible effect of irradia
tion on the fatigue behaviour. For this 
purpose fatigue specimens have been irradiated 
in BR2 at 430°C up to 12 dpa (displacements 
per atom) in the so called FAFUMA I rig 
(Fatigue of Fusion Materials). A second 
irradiation experiment is running at 250°C. In 
the following, fatigue test results of 
unirradiated material will be compared with 
the first results of fatigue tests performed 
on irradiated samples. 

Specimens of the CEC reference material batch 
(AISI 316L) were fatigue tested at 430°C. From 
the as-received plate, 30 mm diameter cylin
ders were machined. These cylinders were hot 
and cold swaged to 11 mm diameter rods and 
finally annealed for 15 minutes at 1050°C. 
From these rods "hourglass" - shaped specimens 
were machined. 

The fatigue tests were performed at constant 
total axial strain using a diametral extenso-
meter combined with a strain computer to 
convert diametral to axial strain. A triangu
lar fully reversed wave shape was used. The 
frequency rather than the strain rate was kept 
the same for the different tests because 
different parts of the first wall will also 
deform at the same frequency. 

It should be noted that these tests are at the 
very limit of the possibilities of the exten-
someter system. Indeed, a test at an axial 
strain range of 0.3 % corresponds with a 
variation of the specimen diameter of only 
0.004 mm. Tests were performed at two frequen
cies: 0.5 and 0.05 Hz. More tests are planned 
at a frequency of 0.005 Hz which approximates 
more closely the frequency at which a fusion 
reactor is expected to be operated. 

Fig. 2.3.2.1 shows the axial strain range 
verrus the number of cycles to failure. From 
the present results it can be seen that if the 
target of NET (Next European Torus) is to be 

reached (105 cycles), the strain range has to 
be lower than about 0.4 %. 

The specimens of the FAFUMA I irradiation have 
been divided in a low- and a high-dose group, 
corresponding to 6 and 12 dpa respectively. 
Results of 5 specimens of the low dose group 
and 4 of the high-dose group have been plotted 
in Fig. 2.3.2.1. It can be seen that the 
effect of irradiation on the number of cycles 
to rupture is small. All results on irradiated 
and unirradiated specimens appear to fall 
within a single scatter band, the width of 
which corresponds with a factor of 2.5.. 

The results from the 0.5 and 0.05 Hz tests 
fall within the same scatter band which means 
that within this frequency range no effect is 
to be expected. Fig. 2.3.2.2.a shows for the 
same tests the evolution of the stress ampli
tude as a function of the number of cycles. 
During the first 100 cycles rapid hardening is 
observed. From about 100 cycles to a few 
thousand cycles the material no longer hardens 
and even has a tendency to soften. Subsequent
ly it begins to harden again until the end of 
the test. 

Fig. 2.3.2.2.b shows that irradiation strongly 
increases the cyclic stress amplitude. While 
for unirradiated material an almost steady 
stress increase with the number of cycles is 
found, it can be seen that for high strain 

-i 1 1 1 1 r 
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Fig. 2.3.2.2.a : Strain hardening of 
unirradiated material for different total 
axial strain ranges 
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amplitude tests the irradiated material 
presents a very high cyclic stress at the 
first loading followed by a steady cyclic 
softening. Tests with a smaller strain ampli
tude show an almost constant cyclic stress. 

From these first tests it is concluded that 
neutron irradiation increases the strength of 
the material, bn. that this phenomenon has 
little influence or the number of cycles to 
rupture for a given strain range. 
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Fig. 2.3.2.^.b : Strain hardening of irradia
ted material for different total axial strain 
ranges 

2.3.3 Compatibility of solid breeder materials 
with cladding materials 

L. De Wilde, S. ie Burbure 

This programme deals with the compatibility of 
austenitic A.'SI 316L and ferritic WN 1.4914 
steelÎ with potential solid breeder materials 
for vjsion 'eactors. The project is supported 
by the CEC. 

In a first test campaign the structural 
materials will be brought into contact with 
lithium silicate granules of SCK/CEN and KfK 
origin under a helium flow with a controlled 
H2/H2& content. 

The candidate structural materials are exposed 

as pressurized capsules. Different filling 
gases are used to allow identification of 
capsule rupture during the compatibility test 
campaign. The pressurized capsules were closed 
by resistance welding. Six capsules were 
assembled into one rigid rod by welding each 
end plug to two consecutive tubes. Six rigid 
rods were rade and leak-tested with a mass 
spectrometer for introduction in the first 
compatibility test. 

2.3.4 Mass tranfer in liquid lithium and 
Pb-17Li 

F. De Schuttor, H. Tas 

This work is performed under contract with the 
CEC, association contract Euratom-Belgian 
Government 100-82-1 FUA B and 200-85-1 FUA B. 
Most of the work is performed in close colla
boration with the Technology Department (Ja. 
Dekeyser). 

The large forced convection loop "MALICE" has 
been operated for over 4000 hours. The loop is 
equipped with a 2 Tesla magnet and has been 
designed for mass transfer tests as well as 
measurements of magnetohydrodynamic phenomena 
in liquid metals. Three corrosion campaigns in 
liquid lithium were run under nearly isother
mal conditions at temperatures of 400, 450 and 
500°C. After installation of the test sections 
in the loop and before starting sach test run, 
the loop was rinsed with circulating lithium 
during three days. Subsequently the lithium 
was dumped and transferred to the purification 
tank for hot gettering at 650°C. By this 
procedure, a nitrogen level lower than 150 ppm 
could be reached for each run. 

No material coupons were inserted in the test 
sections as this would create a complex and 
unknown lithium flow pattern different from 
the velocity profiles induced by the magnetic 
field in a plain tubular section. Instead, the 
test sections themselves were used as test 
specimens and were afterwards cut into pieces 
at various levels for metallurgical examina
tion and characterization. The main drawback 
of this procedure is that no direct measure
ment of dissolution rates cjn be established, 
but in this way unpredictable disturbances of 
the velocity profile were avoided. 

After each run the surface roughness of the 2 
meter long tubular test sections was measured. 
After the first rui (1000 h, 400°C) an increa
se of the surface roughness was observed in 
the entrance and exit zones of the magnetic 
field where higher flew velocities can be 
expected (M-shaped profile). After the second 
run (2000 h, 4b0°C), the overall roughness 
increased significantly anJ a peak was only 
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found at the entrance of the sagnet, while the 
roughness decreased slowly at the end of the 
tube. After run 3 (1000 h, 500°C), all rough
ness values were very low and almost no 
variations were found over the whole length of 
the tube. 

Metallographic investigations were performed 
by means of optical microscopy of cross-
sections and surface SEM analysis. Fig. 2.3.4 
gives some typical results of SEM analyses, 
performed on lithium exposed and one virgin 
sample (before lithium exposure). The tube 
surface of all samples showed grooves at the 
grain boundaries of a fe*. microns depth 
probably due to pickling during fabrication of 
the tubes. No difference in appearance between 
samples originating from the reference test 
section and the magnetic field test section 
was found. Before exposure to lithium the 
inner tube surface in the regions between the 
grooves was very smooth. After each lithium 
exposure these regions were clearly attacked, 
an effect which was most pronounced after run 
2. It could also be seen that the surface, 
although attacked on a submicroscopic scale, 
had .a much smoother overall appearance after 
the third run which confirms the roughness 
measurements. 

These results were also confirmed by metallo-
graphic analysis of the cross sections of the 
tubes. Moreover this examination revealed a 
total lack of ferritic layers at sample 
surfaces after any of the three runs. Despite 
the fact that no dissolution rates could 
directly be measured, several interesting 
conclusions may be drawn from these prelimina
ry tests. Although the roughness of a surface 
is not a direct measure for the corrosion 
rate, these experiments seem to reveal a 
correlation between roughness and magnetic 
field. In addition, the measurements from run 
2 showed a decrease of the roughness along the 
test section reminiscent of the predictions of 
the modeling. These results certainly need to 
be confirmed by other experiments but in any 
case they indicate that future dissolution 
rate experiments should necessarily take into 
account the whole tube. 

Most striking is the lack of ferritic layer 
formation at the exposed tube surface. Consi
dering earlier experiments in lithium and the 
results of other investigations it is highly 
unlikely that the ferritic layer disappeared 
during water cleaning. It is more likely due 
to the hot nitrogen gettering in the purifica
tion tank before each test run followed by low 
ûT operation of the loop. In this way partial 
or even full saturation of the lithium with 
wall material components was probably achieved 
before each test and subsequently maintained 

or only slightly disturbed during the test 
runs. The result is stoichiometric or near-
stoichiometric corrosion of the wall material. 

Concerning the corrosion studies on Pb-17Li, a 
seventh run was completed after 4000 hours of 
operation at 45C°C. After this, the loop was 
completely dismantled and a detailed examina
tion of the tube surfaces was undertaken. 
Preliminary results indicate the existence of 
a direct correlation of corrosion with loop 
temperature. The deep intergranular attack 
found after the previous run, was not observed 
now. 

Fig. 2.3.4 : Surface morphology cf AISI 316L 
test section material before and after exposu
re to liquid lithium in a high magnetic field 
at 400°C (run 1), 450°C (run 2) and 500°C (run 
3) 

2.3.5 Impurity sensors for liquid breeders 

F. De Schutter, H. Tas 

This work is performed under contract with the 
CEC, association contract Euratom-Belgian 
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performed in close collaboration with the 
Technology Department (Ja. Dekeyser). 

Compatibility of •-cariuiudLe ionic 
sensor materials with candidate liquid bree
ders 

Objective of the project is the development of 
an electrochemical oxygen monitor for the 
Pb-17Li eutectic. Several actions were under
taken: choice of solid electrolyte and refe
rence system, test of sensor concepts in 
static lithium-lead under argon atmosphere, 
calibration of oxygen sensor in oxygen/argon 
mixtures. 

Conductivity 
oxygen conducting ceramics 
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Fig. 2.3.5.1 : Ionic conductivity ac a func
tion of temperature for various ceramic oxides 

The two most important parameters for defining 
the Tiost suitable solid electrolyte for this 
particular application are the compatibility 
with liquid lithium-lead and the ionic conduc
tivity at the operating temperatures 
(400-500°C). Fig.2.3.5.1 shows the ionic 
conductivity as a function of the reciprocal 
temperature. The temperature range of interest 
is also indicated. As can be seen, the zirco-
nia based conductors (curves 5 and 6), 
although undoubtedly the best choice at the 
higher temperatures, are less attractive at 
the lower temperatures. Possible alternatives 
are ceria-gadolinia, bismuth oxide and 
lanthanum based oxides. 

Theoretical and experimental evaluation of the 
chemical stability of the most promising 
oxides is in progress. Preliminary compatibi
lity data of the single oxides with pure 
lithium and the lead-lithium eutectic are 
given in Table 2.3.5. 

MATERIAL 

Zr02 

Ce02 (*) 
Bi203 

La2°3 
Th02 

PURE LITHIUM 

no 
no 
no 
yes 
yes 

(exp. 
(exp. 
(th.) 
(th. 
(exp 

+ th.) 
+ th.) 

+ th.) 

Pb 

yes 
no 

yes 
yes 

-17Li 

(exp.) 
exp.) 

7 

(th.) 
(th.) 

(*) This material was kindly supplied by Dr 
0. Toft Sorensen of the Risd University 
(Denmark) 

A theoretical evaluation of the compatibility 
of different oxides in pure lithium has been 
published by Singh (1). Up to now all experi
mental observations seem to confirm these 
thermodynamic predictions. A similar theoreti
cal treatment for the liquid lead-lithium 
eutectic is in progress. Most of the oxides 
are not compatible with lithium and only the 
less attractive lanthanum and thorium oxide 
co'ild be used. Lead-lithium, however, is less 
aggressive, due to the lower chemical activity 
of lithium in the eutectic (about 10"4 at 
450°C). In lead-lithium, the commercially 
available zirconia based materials are chemi
cally stable and can be used to construct an 
oxygen sensor. 

The first tests i i lead-lithium with zirconia 
based thimbles were performed in a glove box 
under argon atmosphere with an oxygen concen
tration of less than 2 ppm. The thimbles were 
filled with a metal/metal oxide reference 
system giving a constant oxygen activity. The 
thimbles were sealed with a commercial zirco
nia based paste. A signal of 0.72 V was 
observed for the two sensors tested at 450°C. 
However, the signal was found to decrease 
about 30 mV during a 48-hour exposure. At this 
temperature, this corresponds to a decrease of 
the oxygen activity by a factor of about 7. 

These results were compared with calibration 
tests performed in argon/oxygen gas mixtures. 
A more detailed scheme of the test equipment 
has been reported earlier (2). The working 
temperature was increased to 750°C and the 
oxygen content of the sweep gas was conti
nuously monitored with a commercial oxygen 
monitor. The results are shown in Fig. 
2.3.5.2. 

(1) R.N. Singh, J-Am. Cer. S o c , vol 59, Nos 
3-4 (1976) 

(2) Mol Research Division Report, BLG 584, 
second semester 1985 
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The theoretical change in cell potential at 
this temperature is 15.3 mV per factor of two 
of the oxygen concentration. The response of 
the cell to this change was very rapid and 
occurred within less than one minute. However, 
due to the higher operating temperature the 
drift of the sensor signal was rather pronoun
ced, so that the initial signal was not 
obtained after changing back to a gas flow 
with the initial composition. The absolute 
value of the signals is significantly lower 
than the theoretically expected values. 

zirconia/calcia «entor 
ia trgoa/oxygen mixture! (749 C) 

„B 1»Y> TbM |a*i) 

* • è * - * 

1 * 0 , 

I % O, 

0 15 % O, 

Fig. 2.3.5.2 : Results of oxygen sensor 
calibration tests in argon/oxygen gas mixtures 
at 750°C 

Both the experiments in liquid lithium-lead 
and argon/oxygen gas mixtures revealed a 
decrease in cell potential during long-term 
exposure. This car, be attributed to a penetra
tion of oxygen in the inner sensor compartment 
through the porous high-temperature cements 
used as sealants. In this way, a constant 
oxygen activity of the internal reference 
system cannot be maintained. At this moment 
different alternative sealing metnods and 
materials are evaluated. 

2.3.6 Primary circuit surveillance for Belgian 
nuclear power plants 

Ph. Van Asbroeck, A. Hennen-Van Heck 

As part of the Tihange-2 pressure vessel 
surveillance programme, the irradiation 
capsule, which was received last semester, has 
been dismantled and the temperature monitors, 
the neutron dosimeters and the Charpy CVN 
specimens are being analysed or tested. 

In the framework of the Doel-3 pressure vessel 
surveillance programme an irradiation capsule 
has been sent to CEN/SCK for examination. The 
capsule has been dismantled and the tests have 
been initiated. 

Cha_rp_y_test .temperature definiticn_for 
efficient material^ àatà_jvèhi 

The objective of this study is twofold: 

- define in an unambiguous and objective way 
the Charpy test temperature in order to 
satisfy a qualification procedure; 

- improve the efficiency of the estimation of 
material characteristics determined by a 
limited number of tests. 

In pressure vessel surveillance programmes 
mainly Charpy V-^otch (CVN) specimens are used 
for neutron embrittlement control. In the 
impact test a pendulum is used for breaking in 
one blow these standardized Charpy specimens. 
Tests are nade at several temperatures (Fig. 
2.3.6.1) in order to estimate an index tempe
rature associated with the transition from a 
brittle fracture mcde to a ductile fracture 
mode and determine the amount of energy 
required to fracture the specimens in the 
upper shelf region where fracture occurs by 
ductile shear. 

The index temperature corresponds either to a 
predetermined level of absorbed energy (eg. 41 
J), a certain degree of lateral expansion or a 
certain fraction of brittle fracture 
appearance, obtained from the average (best 
fit) Charpy transition curve (Fig. 2.3.6.1). 
The Upper Shelf Energy (USE) is the average 
energy for all Charpy specimens (normally 
three) the test temperature of which is above 
the upper end of the transition region, i.e. 
over 95 % shear fracture appearance. 

In a Charpy impact test a notched specimen is 
broken at a given temperature. The absorbed 
energy to break the specimen, the resulting 
lateral expansion and the amount of relative 
shear fracture appearance are measured. The 
evolution of these measurements versus the 
test temperature can be described by an 

Fig. 2.3.6.1 : Charpy transition curve and 
interpretation of the Tanh curve 
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Fig. 2 . ' .2 : Sequential determination of 
test temperature for e f f i c ien t transit ion 
curve determination (SFA: shear fracture 
appearance) 

S-shaped curve which can be approximated by a 
hyperbolic tangent specif ication: 

Yi = A + B.tgh (Xi T0)/C + E i 

where : Y 

A , B, Tn 

X i 

measurement (absorbed 
energy in J, lateral 
expansion in mm or shear 
fracture appearance in %) 
parameters to be 
estimated; 
test temperature; 
discrepancy. 

lin-.-ar least souares method. In order to make 
gjod use of the information contained in each 
:est a sequential design of experiments is 
followed. This sequential definition of test 
conditions has been applied for the absorbed 
energy data as depicted in Fig. 2.3.6.2. The 
test temperatures are determined with the help 
of a Bayesian statistics model which uses 
information already available e.g. a priori 
information or results from previous tests. 
With this model test temperatures can be 
chosen which maximize the posterior probabili
ty density of the parameters giving most 
weight to those estimates that are known with 
the smallest precision. The model has been 
improved in order to deal with situations 
where the a priori information is very poor or 
even wrong. Instead of making a grouped choice 
of the four first test temperatures based on a 
priori information only, each of these four 
first test temperatures is selected sequen
tially. Furthermore, the observed ductile to 
brittle fracture appearance ratios are used to 
improve the upper shelf energy approximation. 

The followed procedure is illustrated in Fig. 
2.3.6.3: the number of samples is limited to 8 
and the a priori information gives a picture 
which is far from reality. Furthermore, the 
lower bound test temperature is set to a 
temperature associated with an energy level of 
20 J. The improvement of the knowledge of the 
transition curve can be seen in Fig. 2.3.6.3 
and shows that already after four tests the 
central value of the transition curve is 
reached, whereas after 8 tests the curve 
approaches very closely the curve based on a 
large amount of tests. In this latter case it 
is observed that the test temperatures defined 
sequentially by the model tend to centre 
around four values (attractors) as indicated 
by arrows on Fig. 2.3.6.3. 

„!M-, (Joui.I 

ft • ft • t • t*nh CC7-T1) / O 

Edtfrcé C|[*iu>) 
T , 
•I 151 | 71» 

T»mperature 

Fig. 2.3.6.3 : Sequential improvement of the 
knowledge of the transition curve 

The meaning of these parameters is indicated 
in Fig. 2.3.6.1. They are determined by a non 

n : number of tests already done 
t : attractors 
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2.3.7 Corrosion of candidate overpack 
materials for the containment of high 
level radioactive waste in deep 
geological clay formations 

W. Debruyn, J. Dresse!aers, H. Tas 

This work is performed with financial support 
of the CEC and of the National Institute for 
Radioactive Waste Management (NIRAS-ONDRAF) 

Four corrosion test tubes installed earlier in 
the underground experimental room were connec
ted to the measuring and steering equipment 
and were brought to their target temperatures 
of 170°C, 90°C (two tubes) and clay formation 
temperature. 

To characterize the surrounding clay in terms 
of pH and Eh, a number of electrodes have been 
introduced in the vicinity of the corrosion 
test tubes according to the implantation 
scheme shown in Fig. 2.3.7. Pt and Au electro
des were chosen for the Eh measurement and a 
consolidated glass electrode was chosen for 
the pH measurement. In addition, Ag/AgCl 
reference electrodes with an acrylic polymer 
as effective salt bridge were introduced. So 
far valid data were generated for the ambient 
temperature test tube. The data obtained after 
an emplacement period of one month show a 

Fig. 2.3.7 : Location of pH and Eh sensing 
distance in the surrounding clay formation 

stable pH value of 8.3. The redox measurements 
after the same exposure time fluctuate around 
-300 mV ( a firm contact between the electrode 
surface and the clay is necessary to obtain 
stable measurements). The observed very 
reduciny nature of the clay environment seems 
to indicate that the effect of e.g. oxygen 
ingress during the drilling operation disap
pears fairly rapidly. The mechanism responsi
ble for the oxygen removal still has to be 
identified. 

In the laboratory, corrosion analyses were 
done of U-bends exposed to interstitial 
claywater for stress corrosion cracking 
sensitivity analysis. It was found that under 
conditions prevailing in a corrosion chamber 
at 49CC, a strong tendency exists for pitting 
and crevice corrosion. The only class of 
materials which remains unaffected are the 
titanium alloys; both the nickel alloys and 
the stainless steels are, to various extents, 
liable to these localized forms of corrosion. 
The highest degree of pitting was noticed on 
AISI 316 type materials. This, together with 
the earlier finding of their sensitivity to 
cracking in Antwerpian groundwater, are strong 
arguments for not using these materials as 
single canister containment for high-level 
waste. For the construction of overpacks the 
two most attractive categories of metallic 

on the four corrosion test tubes and at some 
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materials seem to be in the light of these 
results C steel as the candidate corrosion 
allowance material and Ti alloys as corrosion 
resistant material, 

2.3.8 Corrosion o construction materials for 
high tempe* iture heat exchangers 

W. Debruyn, M. Hannotiau, H. Tas 

A number of metallic, ceramic and coated 
materials were tested in the high-temperature 
gaseous atmosphere of an in-situ test station 
installed in the duct of an industrial alumi
nium remelting furnace. 

The metallic specimens were tested uncooled, 
at temperatures from 850 to 950°C. Under these 
circumstances all alloys tested (including 
austenitic and ferritic stainless steels and 
superalloys such as Hastelloy X) were prone to 
extremely high corrosion rates as measured 
after an exposure time of 1176 hours. Rates up 
to several millimetres per year were measured. 
Mptallographic and microprobe analyses led to 
the following corrosion mechanism scenario: a 
protective oxide layer with a composition 
dependent on the alloy components informed 
during the initial exposure period. This oxide 
layer disintegrates by two mechanisms which 
are related to the active species present in 
the liquid salt film deposited from the 
medium. Sulphates induce hot corrosion, while 
chlorides induce pitting and void formation. 

The hot corrosion mechanism is responsible for 
penetration of a sulphide front into the bulk 
of the alloy followed by the formation of 
CrxS components. Subsequently, oxidation at 
the grain boundaries initiates, involving 
local volume expansion and material disinte
gration. The chlorides induce pitting and void 
formation. The latter effect is ascribed to 
chromium dissolution and/or formation of 
gaseous chlorides. Evidence was also found of 
precipitate formation under the influence of 
the exposure temperature. This might have 
promoted the corrosion processes due to some 
instability in the base material. 

It can be concluded that the metallic mate
rials tested are liable to very severe corro
sion in the high-temperature halogenide and 
sulphate containing gases. 

The ceramic materials Al2^3» Zr02, SiC, Si3N4 

and Sialon were tested in a cooled configura
tion in which the temperature varied between 
375 and 550°C. After an exposure period of 672 
hours, it was obvious that the oxides perfor
med better than the nitride and carbide 
materials. The actual performance of the 
nitrides and carbides was a strong function of 

tncir prouuction route, (-orrosion Fnamiested 
itself through foaming and blistering. The 
oxide materials were practically unaffected by 
the exposure. This excellent corrosion resis
tance is counterbalanced by the well-known low 
thermal conductivity of these materials and 
their low resistance to thermal shock. 

Different corrosion resistant plasma spray 
coatings were applied to an AISI 310 substrate 
material for exposure in the corrosion rig. 
The following materials we>-e included in the 
tests so far: NiCrAl, NiCrAl + SiC, NiCrAl + 
A1 20 3, graded NiCrAl.A1203, NiCrAl + c"2 03' 
NiCrAl + Cu.SiC, NiCrAl + ZrO2.Y203. As the 
density of these coatings was not sufficient, 
the aggressive components of the gas stream 
could reach the underlying steel resulting in 
the formation of metal oxides and sulfides and 
breaking awây of the coating. Nevertheless, it 
was found that graded NiCrAl .A1203 performed 
relatively best. Coatings upgraded by additio
nal treatments such as laser glazing and hot 
isostatic pressing are in preparation for 
exposure in future campaigns. 

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

J. Dresselaers, H. Tas 

The water characterization and materials test 
station, built and used earlier for characte
rization of the deep geothermal well at 
Merksplas was adapted to the Turnhout geother
mal well. Control runs for operation adjust
ment of the test station were performed and 
preparation of the coupon test material has 
been terminated. A general view of the thermal 
power station with the geothermal test station 
in operation is given in Fig. 2.3.9. 

The experimental programme is spread over 
three years and is carried out in cooperation 
with Flageos (clemish Association for Geother
mal Systems) and is supported by the CEC 
(contract number EN 39-0039-8). 

A fraction on the hot geothermal water flow, 
which goes directly to the swimming pool, is 
fed into the high-temperature test section of 
the test station. A second part goes to the 
heat exchangers used for preheating or heating 
(-"ccording to the season of the year) the 
f.esh air which is sent to the swimming pool 
and tc the theatre halls. A third.line con
nects the pressurized storage tanks with the 
buffer tank. As a further step the geothermal 
water is sent to a buffer tank, which is 
connected to a heat pump for further heat 
extraction. This cold geothermal water of 19°C 
is fed into the low-temperature section of the 
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Fig. 2.3.9 Water characterization and materials test station in operation at geothertnal power 
station at Turnhout 

test station. 

As a preliminary action the deposits found in 
the heat exchanger of the heat pump were 
analysed. The most important cations and 
anions present were Fe (59.9 % ) , Mg (2.7 %), S 
(0.2 *) and CI (0.3 %). The deposits were not 
crystalline and not soluble even in strong 
acid solvents. 

2.4 MATERIALS CHARACTERIZATION 

2.4.1 Thermal Analyses 

L. Coheur, M. Geladi-Heylen 

The differential thermal analysis (DTA) 
technique was extensively used to determine 
phase transformation temperatures of ferritic 
and Ni-base ODS alloys. The oxidation 
behaviour of ferritic alloys after secondary 
recrystallization was determined by 
thermogravimetry at temperatures ranging from 
950°C up to 1250=0. 

2.4.2 Fracture mechanics 

Ph. Van Asbroeck, J.-L. Puzzolante, 
A. Nadji 

The infrastructure of the new fracture mecha
nics laboratory has been finalized and an 
instrumented impact tester has been installed 
and put into operation (Fig. 2.4.2.1). The 
impact machine has a capacity of 300 J and is 
suited to test Charpy specimens according to 
ASTM standard E23. The device is equipped with 
a precision hammer height control for low blow 
testing, an electromagnetic hammer brake, an 
automatic return system, a scale graduated in 
joules and one graduated in degrees. 

Total friction and windage losses of the 
machine have been measured and are in agree
ment with the ASTM E23 standard. 

Verification of the energy readings is made 
with standardized specimens of the US Army 
Materials and Mechanics Research Centre. Two 
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Fig. 2.4.2.1 
tester 

Instrumented Charpy impact 

series of 5 specimens are tested (at low and 
high-energy levels). The average value at each 
energy level has to correspond to the nominal 
values of the standardized specimens within 
1.4 J or 5 % of the reading whichever is 
larger. By these qualification tests it was 
proven that all equipment requirements are 
fulfilled. 

The instrumentation of the impact machine 
includes a load sensor and a computer-con
trolled signal display component (Fig. 
2.4.2.2). The type of information which is 
generated are load versus time diagrams as 
depicted in Fig. 2.4.2.3. From this diagram it 
is possible to compute load versus strain and 
energy versus time diagrams. In this way more 
information can be extracted from a single 
impact experiment such as the onset of general 
yield and the initiation and end of unstable 
crack propagation. 

Finally, the compliance of the Charpy impact 
machine has been determined from these load-
time diagrams using three ir.ethods: by expan
sion of the initial slope, by equating the sum 
of the elastic energy contributions to the low 
blow energy and by considering the interaction 
between the hammer and specimen as a vibrating 
mass on a spring so that the force-time record 
corresponds with a half oscillation of the 
system. These three methods gave values of the 
compliance which are in agreement. 

Determination of_the_dy_namK:_J2integra^ by_an 

j_ns_trumented_impact machine 

A study was made for setting up an experimen
tal procedure for the determination of the 

dynamic J-integral for a reactor pressure 
vessel steel. For this determination tne 
plastic range low-blow test was used with 
fatigue pre-cracked "CVN" specimens having 
standard dimensions and making usr 01 an 
instrumented ASTM geometry tup. 

Fracture-safe design is generally based on 
material fracture parameters measurable with a 
laboratory device. The need for convenient 
small specimens and a relatively easy labora
tory test procedure is obvious. Indeed, linear 
elastic fracture mechanics (LEFM) applied to 
lower-strength steels requires specimens 
which are often larger than the full section 
size of the structure. Therefore, the J-inte
gral concept has been proposed which provides 
the extension of LEFM for large-scale plastic 
behaviour both in the laboratory test and in 
the component itself. 

Fig. 2.4.2.4 is a schematic representation of 
the micromechanism of deformation that occurs 
in a ductile metal at the crack tip during 
J-integrai testing. In a first stage, as the 
impact load is transferred to the specimen, 
tensile stresses open the fatigue pre-crack 
notch, plastic deformation causes blunting of 
the crack tip and the formation of a stretched 
zone at the crack tip, and voids form in front 
of the crack tip. In a second stage, the 
stretched zone further develops, while at the 
same time the number and size of the voids 
increase until a critical stretched zone size 
is reached corresponding 'o a critical crack 
opening displacement. The crack then begins to 
propagate by a mechanism involving linking of 
the voids to the blunted crack. 

All Charpy test specimens used in this study 
were taken from the centre of a pressure 
vessel-type steel plate with a chemical 
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Fig. 2.4.2.4 : Schematic model of crack 
propagation in fracture toughness specimens 
with corresponding regime of the J-R curve 
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Fig. 2.4.2.3 : Load-time diagram as registered during impact test 
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Table 2.4.2 
ness: 118 mm 

3Siticn and three-step heat treatment of AFNOR 18MND5 steel (thick-

ELEMENTS Mn Si Ni Cr Nb Cu Al 

Required <0.',2 1.15 0.10 0.50 <0.25 0.43 <0.20 <0.015 <0.020 CJ.oA <0.083 
to to to to 
1.80 0.80 0.80 0.57 

Min. obtained 0.170 

Max. obtained 0.180 

1.540 0.240 0.635 0.175 

1.560 0.250 0.645 0.180 

0.490 0.125 

0.500 0.130 

0.002 0.008 0.021 

0.002 0.008 0.020 

<0.005 

<0.005 

Three step heat treatment: 

1. austenitized at 900°C + 15°C for 5 hours and subsequently cooled in air 

2. tempered at 640°C for 4 hours and 40 minutes and subsequently cooled to 400°C in air 

3. stress relieved by heating from 400°C (heating rate : oO'C/h) up to 615°C and keeping it at 
that temperature for 15 hours with subsequent cooling (cooling rate : 50°C/h) in air 

^ « (mm) 

Fig. 2.4.2.5 : J-integral versus crack extension of specimens tested with an ASTM instrumented 
tup 
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composition and heat treatment as given in 
Table 2.4.2. 

The "CVN" specimens were fatigue-cracked to a 
total depth of about 5 mm. Fatigue cracking 
was made in a specimen support system which 
was mounted on an electrohydraulic testing 
machine. Crack growth during fatigue cycling 
was controlled with a stereomicroscope mounted 
on the frame of the fatigue test module. A 
sinusoidal load cycle of about 20 Hz was used 
for the final stage of fatigue cracking with a 
stress ratio of 0.1 and a maximum bending load 
of 4000 N. 

Plastic range low-blow tests were made. During 
these tests the specimens are removed immedia
tely after the first impact of the striker 
edge, when tne hammer rebounds slightly. 

As explained above, the basic information 
extracted from an instrumented impact test is 
a load-time diagram (Fig. 2.4.2.3). With this 
curve and the value of the measured compliance 
of the impact machine, it is possible to 
estimate the value of the elastic-plastic 
deformation Ed corresponding to the final 
load. 

After low-blow tests the off-load deflection 
of the specimens is measured with a profile 
projector. Subsequently the specimens are 
heated to 300°C for 20 minutes for colour 
tinting of the cracked area. In addition, the 
notches of the specimens are filled with 
silicon rubber for crack depth estimation. 
Finally the specimens are fractured at liquid 
nitrogen temperature. The overall fatigue 
crack length, ag, and the crack extension, ia 
are measured on the broken halves of the 
specimen by optical control of the crack 
profile. The J-integral value can then be 
calculated using the following relationship: 

J = 2Ed/B (W - a0) 

with: 
Ej : elast ic-plast ic deformation energy 

in the plastic range of a low-blow 
test 

B : specimen thickness 
W : specimen width 
aQ : i n i t i a l crack length 

J-integral versus crack extension diagrams 
were obtained in this manner. The stable crack 
growth lines were, determined with a l inear 
regression method applied to qualif ied data 
points (Fig. 2.4.2.5). The c r i t i ca l dynamic 
J-integral value is the J-integral 
corresponding with the intersection point 
between the stable crack growth l ine and the 
blunting l ine. 
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3.2 FABRICATION AND CHARACTERIZATION OF SOLID 
BREEDER MATERIALS FOR FUSION REACTORS 

A.J. Flipot, E. Brauns, P. Diels, R. Lecocq, 
F. Luyckx 

This programme has been carried out under the 
auspices of the European Community (contract 
n° 100/82-FUA-B with the Belgian Government) 
and is part of a coordinated investigation on 
ceramic breeding materials for fusion reac
tors. 

3.2.1 Fabrication investigation of lithium 
metasilicate 

As lithium metasilicate only exists as a pure 
stoichiometric compound, small deviations in 
composition give rise to the formation of 
traces of lithium orthosi"Mcate or lithium 
disilicate. A possible influence of the 
secondary phase on the characteristics of the 
material is therefore to be investigated, as 
in practice perfect stoichiometry is hard to 
t .ain. The effect of a small amount of 
lithium orthosilicate on density and texture 
of sintered metasilicate pellets was initiated 
in 1985 (1,2). This investigation is now being 
extended to metasilicate pellets containing 
some disilicate. 

All pellets have been fabricated out of 
high-sinterable powders obtained in agreement 
with a patented process (3), based on a 
spray-drying technique and a two-step calcina
tion (4). They have been sintered in the 
temperature range from 800°C to 1000°C. 

- Effect of disilicate on sintered density 

Stoichiometric metasilicate pellets and 
pellets containing up to 1% orthosilicate 
sinter easily up to 95-96% T.D. after 5h at 
900CC. At higher temperature, the density 
tends to decrease slightly. On the contrary, 
materials containing some traces of disilicate 
sinter less rapidly. In this case, a sintered 
density of 93-94% T.D. can be considered to be 
a maximum, ^lery similar results are obtained 
when increasing the percentage of disilicate 
up to 8%. It can therefore be stated that a 
small excess of orthosilicate does not change 
the sinterability of lithium metasilicate 
powders, whereas any excess of disilicate 
reduces the density of the sintered pellets. 
The percentage of disilicate does not affect 
the magnitude of this effect. 

- Effect of disilicate on porosity 

Fig. 3.2.1.a summarizes the results of more 
than one hundred mercury porosimetry measure
ments. For the clarity of the figure only some 
specific batches are represented. The fraction 
of open porosity in lithium metasilicate 
pellets, containing some disilicate and being 
sintered below the recrystallization tempera
ture, only depends on their density. No 
influence of the milling conditions, precom-
paction pressure, calcination and sintering 
temperature could be evidenced. The graph 
shows that below 75% T.D. all the pores are 
open while above 90% T.D. all of them are 
closed. Between these extreme values, there is 
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a competition between open and closed porosi
ties. Contrary to orthosilicate, disilicate 
changes the fraction of open porosity in 
sintered metasilicate pellets. When traces of 
disilicate are present, a certain amount of 
closed porosity can already be detected from 
75-76% T.D. instead of from 77-78% T.D. in 
stoichiometric material and all the pores can 
be closed above 87Ï T.D. instead of 89S T.D. 
in stoichiometric materials. An amount of 
disilicate reduces therefore the density range 
with open porosity by 2%. This is not affected 
by the percentage of disilicate, at least as 
to the investigated range (from traces to 8% 
disilicate). 

At high sintering temperature a new porosity 
pattern with a relatively large quantity of 
fine pores appears. This phenomenon has 
already been detected in high-density pellets 
of stoichiometric and overstoichiometric 
materials (5). With those silicates, a res
tructuration occurs that starts slowly from 
about 900°C and is completed after 5h at 
950CC. With pellets containing disilicate, 
this change starts at a higher temperature : 
as shown in Fig. 3.2.1.a, the porosity pattern 
of pellets sintered 5h at 960°C is uncertain ; 
some of them have still a totally closed 
porosity, others have a certain quantity of 
open pores, that results from beginning 
recrystallization. Fig. 3.2.1.b gives the new 
porosity pattern obtained after complete 
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Fig. 3.2.l.b : Open porosity in recrystallized 
pellets 

recrystallization. This is already reached 
after 5h at 970°C . The fraction of retiined 
closed porosity does not change in pellecs 
sintered between 970°C and 1000°C to densities 
from 91 to 94Ï T.D. and amounts 2.5Ï. In this 
case, the fraction of open porosity represents 
60 to 70% of the total porosity and that is 
much less than the 80-90% open porosity 
reached in recrystallized pellets containing 
some orthosilicate. 

- Effect of disilicate on structure 

Fractured surfaces of 46 pellets similar to 
those used for mercury porosimetry measure
ments have been examined by scanning electron 
microscopy. Here again, the sintering tempera
ture is the main factor controlling the grain 
size and jrain shape. No effect of the attri-
tioning conditions and calcination temperature 
has been evidenced. 
At sintering temperatures of about 825-85Q°C, 
the pellet structure consists of loosely 
packed grains, almost spherical in shape and 
ranging in size from 0.2 to 0.4 um. A 5h 
sintering at 860°C generates flat and larger 
grains together with fine primary grains. The 
grain size increases slowly with the sintering 
temperature up to 960°C. After 5h at 925-
950°C, the structure shows a quantity of 
elongated crystals, some of them being as 
large as 50 x 350 um. The closed-packed 
structure obtained at 90U°C with a material 
containing some orthosilicate and suggesting 
the formation of a liquid phase (1) has not 
been found in pellets containing some disili
cate. In the latter, recrystallization starts 
around 960°C, giving rise to the formation of 
elongated crystals. After 5h at 970°C, the 
structure consists of a mixture of 5 um grains 
and elongated crystals of some hundreds of 
microns in length. The size of these elongated 
crystals is not uniform, their length being 5 
to 20 times their width. Above 970°C, a sudden 
and important grain growth arises, giving 
enormous grains ranging indifferently from 50 
to 250 urn and representing the largest part of 
the structure. In this case.it is hardly 
possible to characterize the structure by 
grain size. 

Fig. 3.2.1.C gives the evolution of the grain 
size as a function of the sintering tempera
ture and some typical scanning electron 
micrographs. 

- Effect of other fabrication parameters on 
grain size and porosity 

Pellet density, grain size, fraction and 
distribution of open pores, presence or 
absence of closed pores are among the possible 
parameters influencing tritium release during 
irradiation. Factors affecting these parame-
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ters and the thermal stability of the pellets 
have therefore been further investigated, 
especially to prepare irradiations in KNK II 
and OSIRIS reactors. The reference process has 
been implemented by some variant processes 
where some fabrication steps are adapted or 
omitted. A one-step calcination, followed by 
ball-milling is, for example, investigated. 
The pellets are densified either by classical 
sintering or by reaction sintering. 
Furthermore, 200 g lithium metasilicate 
granules containing some disilicate have been 
prepared as raw materials for compatibility 
experiments. 

3.2.2 Fabrication investigation of lithium 
metazirconate 

According to results published in the litera
ture (2) lithium metazirconate is a promising 
ceramic breeder candidate as it shows high 
tritium release, very little swelling, good 
stability and excellent compatibility with 
cladding materials. An investigation on 
lithium metazirconate started therefore early 
1986. 

Six lithium metazirconate batches hcve been 
prepared out of natural lithium carbonate and 
a zirconia powder with a high specific surface 
area, that has been fabricated by Pechiney-
Criceram (France). All the batches were 
stoichiometric, though some traces of residual 
zirconia could be detected by X-ray diffrac
tion analysis. These batches were still 
prepared using a mini-spray dryer. Meanwhile, 
a larger spray-dryer has been purchased and 
commissioned (Fig. 3.2.2). 

The calcination conditions are very important 
as they control the specific surface area and 
sinterability of the product. A lithium 
metazirconate powder, calcined at low or high 
temperature, reveals a tetragonal lattice. As 
this structure is only stable beyond 1100CC 
(6), the monoclinic structure is progressively 
formed at high temperatures. This phase 
transformation is very slow below 900CC : a 
pellet sintered 40h at 830°C contains 60S of 
tetragonal metazirconate while a pellet 
sintered lOh at 900°C has still 10* of tetra
gonal metazirconate. 
A calcined powder has been found to be very 
sensitive to hydration and has to be stored in 
a dry atmosphere. Failures appear in green 
pellets stored for weeks in ambiant air. A 
small press has therefore been installed in a 
glove box so that calcined metazirconate can 
be handled under dry nitrogen. Pellets with 
densities ranging from 70 to 90% T.D. have 
been made by cold pelletizing and sintering. 
Part of them are already characterized . 

Fig. 3.2.2 Laboratory spray-dryer DORST type 
Dl-3 
Evaporation capacity : 1-3 kg H20/h 
Drying capacity : 3-5 kg/h 
Drying air tempérât. : max. 250°C 
Electric power : 9.5 KW 

3.2.3 Characterization techniques 

P. Diels, R. Lecocq 

The experiments performed in view of the 
development of an etching technique for 
sintered lithium silicate pellets, have been 
concluded. 
They have led to the use of a suitable chemi
cal etchant. The main characteristics of the 
complete preparation method are : 
- short specimen preparation time, the typical 

polishing time being about 30 minutes 
- etching occurs at room temperature and lasts 

only for 1 minute 
- the etchant applies for stoichiometric and 

non-stoichiometric metasilicate. Pellets 
containing some disilicate etch somewhat 
slower but, even in this case, the etching 
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time never exceeds 1 minute 
- the etch is relatively stable : a 2 to 3 
days storage does not affect the etch 
quality. 

A typical result, as obtained with a sintered 
metasilicate pellet containing some ortho-
silicate, is shown in Fig. 3.2.3. 

Fig. 3.2.3 Etched surface of a lithium meta
silicate pellet sintered 5h at 950°C to a 
density of 92.7% T.D. 
This method is much faster than the method 
published in the literature (7). 

An apparatus for measuring the quantity of gas 
flowing through a specimen of a given cross 
section has been constructed. Using the Carman 
equation (8) 

V.p L Bo 4 8RT 
K = — - - = — p + - Ko 

A p A n 3 n M 
where : 
K : Total permeability coefficient (cm2/sec) 
ip : Pressure difference across specimen 

(dynes/cm2) 
p : Mean pressure in specimen (dynes/cm2) 
Bo : Permeability coefficient for viscous flow 

(cm2) 
Ko : Permeability coefficient for slip flow 

(cm) 
R : Gas constant 
T : Absolute temperature 
M : Molecular weight of the permeating gas 
n : Viscosity (poise) 
V : Rate of gas flow (cc/sec) measured at the 

mean pressure 
L : Thickness of specimen (cm) 
A : Area of specimen (cm2) 

accounting for both the viscous and slip 

contributions to gas flow, the permeability 
coefficient Ko for slip flow (slip factor) and 
the permeability coefficient for viscous flow 
Bo can be derived by plotting the total 
permeability coefficient K versus the mean 
pressure in the specimen. These coefficients 
are obtained from the slope and intercept of 
the plot. Measurements have been carried out 
on high density (95-96% T.D.) recrystallized 
metasilicate discs of 14 mm diameter and 2 mm 
thickness. The results show low slip and 
viscous flow coefficients due to the high 
pellet density and small pores. Both coeffi
cients are found to be dependent on the open 
pore diameter. They both increase with in
creasing pore diameter. 

3.2.4 Irradiations 

G. Verstappen, A.J. Flipot, E. Brauns 

3.2.4.1 EXOTIC irradiations 

SNL-Springfields, CEN/SCK-Mol, ECN-Petten and 
JRC-Petten cooperate in a joint effort to 
perform irradiations carried out in the HFR 
reactor. They are named EXOTIC (Extraction of 
Tritium hi Ceramics). 
The third EXOTIC irradiation experiment lasted 
three reactor cycles from 17.4.1986 to 
7.7.1986, representing a 75 full power days. 
The loading scheme of the four CEN/SCK cap
sules is given in Table 3.2.4.1.a. 
All capsules were vented by connecting the 
lower capsules with the upper ones. This means 
that the purge gas passed through capsules 
09.2 and 09.1 on the one hand, and through 
capsules 10.2 and 10.1, on the other. The 
evacuated tritium corresponds therefore with 
the total release of a couple of capsules. 

Table 3.2.4.1.a Loading scheme of EXOTIC 3 

Upper capsules 

Material 

Density, %T.D. 
Mean grain size 

(um) 

Lower capsules 

Material 

Density, %T.D. 
Mean grain size 

(urn) 

09.1 

Li2Si03 

+ Li4Si04 

76.4 
0.1-0.5 

09.2 

Li2Si03 
+ Li2Si205 

75.6 
0.2-1 

10.1 

Li2Si03 

76.7 
0.15-0.4 

10.2 

Li2Si03 

+ Li2Si205 

87.5 
1-3 

The tritium release of each couple of capsules 
was measured continuously with the aid of 
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identical icrïizstic" chambers counted in ^^o 
measuring station. 
Except for some temperature transients, the 
four capsules were irradiated at about 600°C. 
This target temperature was reached within one 
day. A tritium release rate of 380 uCi/min was 
found at 600°C for the couple 09.1 + 09.2. A 
value of 440 uCi/min was obtained at 620°C for 
the couple 10.1 + 10.2. The transients were 
achieved to determine the effect on tritium 
release. The preliminary results are listed in 
Table 3.2.4.l.b. 

Table 3.2.4.l.b Apparent tritium release rates 
after a temperature transient (9) 

Capsule 
number 

9.1 + 9.2 

10.1 + 10.2 

Temperature 
step °C 

begin 

580 
610 

620 
700 
610 
455 

end 

580 
610 
630 

620 
700 
610 
455 
615 

Tritium release 
rate (uCi/min) 
at the end of 
tempérât, step 

390 
494 
584 

477 
836 
477 
260 
473 

Most of the tritium was released in the HT 
form as the capsules were purged with helium + 
0.1 vol/o H2. 
The total t r i t ium production is estimated to 
be about 25 Ci/capsule. These results have 
s t i l l to be implemented by post-irradiation 
examination. More detai ls about EXOTIC 3 can 
be found in ref. 9. 
The capsules were dismantled in January 1987. 

3.2.4.2 Irradiations in the KNKII and OSIRIS 
reactors 

In order to investigate whether or not ceramic 
breeder materials behave di f ferent ly when 
irradiated under di f ferent neutron spectra, i t 
is planned to irradiate identical samples 
under fast f lux (ELIMA 2 experiment) in the 
KNK I I reactor in Germany and under thermal 
f lux (DELICE 03 experiment) in the OSIRIS 
reactor in Saclay (France). One of the main 
objectives is to determine the possible impact 
of the damage caused by fast neutrons and by 
the recoil of the a-particles formed with 
t r i t ium on tr i t ium release or tr i t ium reten
tion of the materials developed in the labora
tories of the countries of the European 
Community. These determinations w i l l be made 
after irradiat ion as the capsules are a l l 
closed. Two irradiation temperatures have been 

chosen : 100°C-450QC and 650°C-7Q0°C respecti
vely. CEN/SCK participates with 10 l i thium 
metasilicate and 2 lithium meta- zirconate 
samples. The l i thium metasilicate batches are 
prepared with 2 dif ferent densities (81.5% and 
74.5» T.D.) and dif ferent grain sizes (< 0.5 
pm and 1-2 urn). The pellets are sintered, 
center!ess ground and selected ; they are 
being control led. One l i th ium metazirconate 
batch is in preparation. 

3.2.5 Post- irradiat ion examination 

P. Diels, L. Sannen , F. Luyckx 

The pellets irradiated in EXOTIC I and I I are 
being characterized. 
Visual inspection during unloading of the 
columns' out of the carrying containers showed 
undamaged pellets for capsules 01.1, 05.1 and 
05.2. On the contrary, most pellets of capsule 
02.1, i m d i a t e d at 505°C and the pellets with 
thermocouple holes, irradiated in capsule 06.1 
at 425°C are broken in two or three equal 
pieces. The fractured surfaces are very smooth 
and the pieces appear to be very b r i t t l e in 
the case of the 02.1 pel lets. 

Except for the pellets of capsule 06 .1 , no or 
a very l imited change in diameter, height and 
density has been measured. High density 
pe l le ts , irradiated at low temperature (cap
sule 06.1) exhibit a re lat ively small swell
ing, causing a decrease in density of about 
2.3 % T.D. This is probably related to their 
sensi t iv i ty for cracking. 
According to the f i r s t ceramographic examina
t ion , irradiations seem to induce some minor 
changes in porosity near the pellet surface. 
The phenomenon, which is more or less confirm
ed by local coloration effects observed during 
visual inspection, is mostly pronounced for 
the pellets of capsule 02.1. No grain growth 
has been detected. This has to be confirmed by 
scanning electron microscopy allowing a more 
precise grain size determination in f ine 
textures. 
X-ray d i f f ract ion analysis reveals no change 
in phase composition. No measurable sh i f t in 
stoichiometry is detected. Nevertheless, the 
d i f f ract ion lines are found to be subjected to 
a limited l ine broadening, which is l ike ly 
caused by the la t t i ce distort ion due to 
t r i t ium and possibly helium retained in the 
crystal l a t t i ce . Only the pellets of capsule 
02.1 (EXOTIC I) show an almost to complete 
amorphous structure, indicating v i t r i f i ca t i on 
of the l i thium metasilicate. The degree of 
v i t r i f i ca t i on seems to be inversely related to 
the grain size of the as-fabricated pel lets. 

LHMA Department 
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This phenomenon is believed to be responsible 
for the brittleness of the pellets. 
Retained tritium was extracted out of some 
pellets according to two different methods : 
the chemical method and the ̂ lot vacuum ex
traction method. Both methods show a poor 
reproducibility and need further development 
work. It is believed that the hot extraction 
method can be improved by using a suitable 
carrier gas, which should reduce tritium 
adsorption on the inner surfaces of the 
apparatus. 

The results show that the mean tritium amount, 
extracted from the pellets of EXOTIC I and II, 
corresponds to an activity ranging from 
2.4.109 to 6.6.109 Bq/g. 

The totally different structural behaviour of 
capsules 01.1 and 02.1, irradiated in the same 
rig at about 400°C and 500°C respectively, is 
surprising. The present analysis of capsule 
06.1 would indicate that 95 % T.D. recrystal-
lized pellets with large grains (> 10 urn) are 
not recommended for a blanket operating at low 
temperature. 

3.3 ENGINEERING CERAMICS 

3.3.1 Powder characterization and powder 
. . . —: * conditioning 

R. Gil issen, P. Diels, H. Van Gerven 

The ..: aracterization of commercially available 
si l icon n i t r ide powders has been continued. 
Comparing our results with the l i te ra ture 
(10), some powder characteristics can be 
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3.2.6 Computerized information system 

G. Verstappen 
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In order to improve the reporting and treat
ment of the numerous data available on fabri
cation and characterization of lithium cera
mics, the need was felt to store these data in 
a computerized information system. The system 
allows to «tore the following data : fabrica
tion parameters, X-ray diffraction results, 
porosity pattern, specific surface area as 
well as powder and pellet inventories. After 
having discussed and analyzed the needs of the 
end-users, it was decided to build a stand
alone computerized system that, in a later 
stage, could be converted to a multi-user 
environment. This system is implemented on a 
personal IBM compatible computer. The computer 
drives dual floppy discs of 340 kbytes each, 
has a 512 kbytes Ram Memory and is connected 
to a standard printer. 

The software has been developed in the command 
language of DBASE 3 and converted to a single 
EXEC module af*er having been compiled with 
the CLIPPER software. This approach has been 
chosen so that it can be easily used by 
non-informatic-trained people. Therefore the 
final software is completely menu-driven and 
applied to the average user. The first version 
is operational since the beginning of December 
1986. Further improvements will be focussed on 
the reporting and query facilities. 

Hz <•: 

Fig. 3.3.1 : Microsttucture of sintered S13N4 

after progressive powder desagglomeration. 

Hork performed under contract with industry 
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concluded to be typical for a fabrication 
route but most properties to depend more on 
the processing conditions than on the actual 
fabrication route. 
Comprehensive powder characterization is 
necessary to understand the effects of powder 
properties on their shaping and densification 
behaviour as well as on the final properties 
of the sintered ceramic. Such correlations 
could be made for Si3N4 : a high specific 
surface area and a high a-Si^N^ content 
promote densification and have a positive 
effect on the mechanical properties, a high 
oxygen content and a high impurity content 
also promote densification but have an adverse 
effect on the high temperature mechanical 
properties, a high carbon content inhibits 
densification. Nevertheless, the measured 
powder properties do not yet allow an unequi
vocal prediction of the forming and sintering 
behaviour of the powders. This is due to an 
overlapping of effects that influence the 
powder behaviour and to the inadequacy of the 
known characterization methods. 
To some extent, most of the commercial silicon 
nitride powders are agglomerated. The occu
rence of powder agglomerates is known to have 
an adverse effect on the properties of sinter
ed ceramics. Ways to segregate these agglome
rates have been studied. Fig. 3.3.1 shows the 
beneficial effect of powder conditioning on 
microstructure. 

3.3.2 Injection moulding 

A. Smolders, H. Van Gerven 

As mentioned in the previous report (2), 
injection moulding of sinterable powder 
mixtures with a thermoplastic binder system 
gave typical defects that were only visible 
after binder removal. Most work has been 
concentrated on solving this problem. The 
effect has been shown to be related to the 
interaction during burning out between one of 
the components of the binder and the ceramic 
powder mixture. This reaction can be avoided 
by adapting one of the process steps. It is 
now possible to produce test beams with 
sinterable silicon nitride powder mixtures 
without the typical defects mentioned above. 
These beams can therefore be sintered to a 
high density. 

Injection moulding of different qualities of 
silicon nitride powders is not always possible 
with the same binder. The particular physical 
properties of each powder ask for an appro
priate binder formulation. Nevertheless, 
changing the relative ratio of some organic 
binder components can sometimes be sufficient. 

Work performed under contract with industry 

3.3.3 Pressureless sintering of silicon 
nitriu'e 

R. Gilissen 

The investigation of pressureless sintering of 
commercial silicon nitride powders has been 
continued. 
To g?t a better understanding of the densifica
tion bahaviour the sintering process has been 
interrupted at intermediate temperatures and 
the progress of densification has been follow
ed in that way. Fig. 3.3.3 illustrates the 
densification behaviour of two different 
powders. Though both powders densify to a high 
density the sintering behaviour is clearly 
different. These results have to be completed 
with microstructure examination and determina
tions of mechanical properties in order to 
correlate the densification behaviour with the 
final properties of the sintered bodies. 
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Fig. 3.3..? : Densification behaviour of two 
different silicon nitride powders. 

3.3.4 Reaction sintered silicon nitride 

R. Gilissen 

Reaction sintering is the process in which a 
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si l icon compact is converted in a nitrogen 
containing atmosphere into si l icon n i t r ide 
with simultaneous development of strength. 
Advantages are obvious : inexpensive raw 
material (s i l icon powder), easier forming 
compared with sinterable si l icon n i t r i de , 
machinability to close tolerances in the green 
state, no shrinkage during reaction sintering 
and excellent high temperature properties. The 
lower strength at room temperature, conse
quence of the lower density, l imits applica
tions beluw about 1000T to less demanding 
mechanical applications. 
To improve the machinât: l i t y of the green 
compacts, the influence of pre-sintering is 
being investigated. Fi rst results show that 
pre-sintering increases the mechanical 
strength of the green compact without having 
an adverse effect on the n i t r id ing behaviour. 
To get acquainted with problems related to the 
fabrication of large structural components 50 
mm thick samples have been n i t r ided. Using 
appropriate preconditioned powders, an adapted 
n i t r id ing cycle and green densities around 
1.35 g/cm3 samples can be fu l l y n i t r ided. 
As the conversion of s i l icon to reaction 
sintered s i l icon n i t r ide is very time-
consuming, ways fo r improving the n i t r id ing 
rate have been searched. Fig. 3.3.4 shows the 
effect of the use of processing aids on the 
n i t r id ing behaviour. The thermal treatment was 
identical for a l l samples. I t can be seen 
that , preconditioning and processing aids 
lower the temperature needed for a complete 
reaction. 
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Fig. 3.3.4 : Effect of powder conditioning and 
processing aii!<; on the conversion rate 

3.3.5 Post-sinte-inq of reaction bonded 
si l icon n i t r ide 

R. Gilissen 

The process consists of nitriding silicon 

compacts containing sintering aids. After 
complete conversion, the reaction bondeC 
silicon nitride is sintered to high density. 
The advantages are again the use of ? cheap 
raw material, the easier forming and the 
limited shrinkage of the compact during 
sintering. The drawback is the length and 
complexity of the process. The feasability of 
the method has been successfully demonstrated 
without any attempt to optimize the process. 
Crucibles of different sizes and shapes are 
currently fabricated by this process and used 
as containers for sintering. 

F1g. 3.3.5 : High temperature sintering furnace 

A large furnace for sintering silicon nitride 
and carbide or for reaction sintering has been 
installed. It has the folloning characteris
tics : 

max. working temperature : 2300°C 
useful dimensions : 250x220x900 mm 
useful volume : ca. 49.5 1 
heating system : graphite 
atmosphere : vacuum, reducing 

or neutral 
The horizontal construction allows one to 
sinter 900 mm extruded pieces. The furnace is 
equipped with a versatile computer controlled 
temperature programmer. 

3.3.6 Extrusion 

J. Slc.'-s 

An extrudable mixture of Si C powdi 
plasticizer, avoiding excessive die vfiir 
reported in the previous report •'!', 
developed. The difficulty related to w-< 
retention is also eliminated. 
The composition and quality of the mix;ure 
be extruded is very important, as they cont 
the quality of the extruded articles. 
Using a very poor fixture, very se>pr° dff» 
are obtained such as tube <;plittinn. \r. ' 
case, the tube splits longitudinal!y 'r th» 

and 

was 

r *•.", 
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or four segments, giving somewhat like a 
peeled banana skin. This defect is probably 
caused by a pot • cohesion of the mixture 
associated with a relatively high friction at 
tne tool's surface. 

Another important item is the material flow 
through the forming zone. The flow pattern 
diring piston extrusion can be visualized by 
extruding different coloured "lays together 
(Fig. 3.3.6). 
It shows that the central material moves 
faster than the external layers, retarded by 
the nozzle of the die. The flow pattern i« 
affected by the die taper. A high opening 
angle of the nozzle reduces the dead volume 
but increases the drag of the die. An exces
sive angle causes circular cracks going from 
the surface into the interior of the tubes. It 
is also important that the energy stored in 
the material is slowly released during the 
process. 

F1g. 3.3.6 : Flow pattern in extrusion die 
illustrating the retardation of flow at the 
die wall. 

In extrusion, the flow is laminar. This 
laminar flow can develop lamination defects 
that become visible in a longitudinal section 
after drying and sintering. These defects 
occured mair,-" near the inner surface. 

Small pieces of extruded SiC tubes were 
sintered : fired densities of 3.05 g/cm3 were 
obtained. This is already acceptable in 
comparison with sintered pellets (density of 
3.12 g/cm3) and with sintered tubes compacted 
by cold isostatic pressing (density of 3.14 
g/cm3). Though inspection of a longitudinal 
section showed some lamination defects, 
helium-leak teSuS indicated a leak rate 
smaller than the standard leak rate of 3.4 . 
10"8 mbarl/s. 

3.3.7 Isostatic pressing techniques 

J. Schrijvers, J. Sleurs 

- Cold isostatic pressing (C.I.P.) 

A laboratory cold isostatic press (Fig. 

3.3.7.a) has been commissioned and put into 
service. It is equipped with an automatic 
decompression system. 

During cold isostatic pressing a powder 
contained in a flexible mould is pressed 
equally and simultaneously on all surfaces . 
As mentioned in the previous chapter, small 
SiC tubes were made by C.I.P. to compare their 
sinterec density with those of extruded ones. 

A thick-walled long SiC tube (Fig. 3.3.7.b) 
was also prepared in order to investigate its 
sintering behaviour. Large massive Si blocks 
were also made to investigate the influence of 
the size of the articles on nitridation 
behaviour (see also 3.3.4). 

F1g. 3.3.7.a : Laboratory cold Isostatic press 

- max. working pressure : 400 MPa 
- useful inner diameter : 100 mm 
- useful height : 550 mm 
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Fig. 3.3.7.b : Green SiC tube as compacted by 
cold isostatic pressing 
- inner diameter : 45 mm 
- outer diameter : 63 mm 
- length : 400 mm 

- Hot isostatic pressing (H.I.P.) 

A computerized sinter-HIP equipment, newly 
developped by National Forge Europe (St. 
Niklaas-Belgium) with some collaboration of 
the Ceramic Research Department of CEN/SCK was 
fully tested. It was installed in our laborato
ries in October 1986 and put into service 
(Fig. 3.3.7.c). It is equipped with a two zone 
.graphite furnace in order to obtain a good 
temperature homogeneity on the whole height 
even under low pressure. Most functions are 
fully automatized. 

F1g. 3.3.7.C : General view of the sinter-HIP 
installation 
- max. temperature : 2000°C 
- max. pressure : 200 MPa 
- useful inner diameter : 30 mm 
- useful inner height : 120 mm 

Some preliminary runs on SiC and Si^N* have 

already been performed. Preliminary densifics-
tion tests have also been carried out on 
plasma-sprayed coatings to improve their 
properties. They show that such samples should 
be encapsulated before treatment by hot 
isostatic pressing. 

3.4 SUPPORTING ACTIVITIES AND SERVICES 

3.4.1 Control 

P. Diels 

The morphology of a Ni fiber sample has been 
characterized by scanning electron microscopy 
in the frame of the development of electroche
mical systems. 
Transverse sections of eignt waste glass 
samples, subjected to various corrosion tests, 
have been prepared by ceramography, in the 
frame of the characterization of high level 
waste. 
The resulting sections have been investigated 
by microprobe analysis in order to determine 
the concentration profile of nine different 
elements along the respective corrosion 
layers. One specific area determination has 
been carried out on powdered glass sample. 
Mercury porosimetry measurements have been 
performed on 33 diaphragm samples to charac
terize their open porosity. This work has been 
carried out for the chlorine electrolysis 
programme. 

3.4.2 Sintering behaviour of fast reactor fuel 
pellets 

R. Gilissen 

Dilatometric experiments were carried out on 
green uranium oxide and mixed oxide fuel 
pel lets, fabricated by Belgonucléaire, in 
order to follow their shrinkage as a function 
of the sintering conditions. The high tempe
rature dilatometer was adapted in order to 
work up to 1700°C. Experiments were carried 
out under dry and moistened atmospheres at 
dif ferent heating rates and di f ferent s inter
ing times. The dimensional s tab i l i t y of the 
f i red pellets was also followed. Al l pellets 
were transported to the Belgonucléaire plant 
for further characterization. 
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4.2 RADIOCHEMISTRY INVESTIGATIONS 
A. BruQgSïïâr! 

4.2.1 Fusion Research - Electrolysis of 
Tr i t iated Water 

A. Bruggeman, R. Cornelissen, A. Rahier 

In the framework of the Association contract 
No. 100-82-1 FUA B, the development of an elec
t ro lys is cel l for highly t r i t i a t ed water has 
been continued. The vert ical or capil lary elec
t ro l y t i c system has been emphasized with the 
aim to perform long-term tests with the avai l 
able fu l l -scale prototype in 1987. Although the 
realization of a test loop has been delayed 
(see BLG 590, p. 63), some of i t s c r i t i ca l 
parts such as the demisters, the di f ferent ial 
pressure control and the water feed are s t i l l 
being further developed, as they are considered 
to be strongly dependent on the cell character
i s t i c s . 

Tests under radioactive circumstances are 
planned in collaboration with CEA, VALDUC, 
France. To allow instal lat ion of the Belgian 
cel l in the French infrastructure, the per t i 
nent specifications of the cel l and of i ts 
peripheric equipment have been summarized in a 
descriptive technical note. 

4.2.1.1 Vertical mock-up cells 

Vertical mock-up cel ls at scale 1:1 have accu
mulated more than 6500 hours of operation with
out major problems. The cel l is shown in Fig. 
4.2.1.1). The following preliminary conclusions 
can be drawn. 

- The cel l voltage is remarkably constant. Some 
experiments have demonstrated the possibi l i ty 
to lower the voltage by using higher porosi
t ies together with higher concentrations of 
sulphuric acid. However, since the parameters 
involved play also a rôle in the gas separa
t ion , further investigation using the proto
type cel l has to be carried out. The proto
type cel l allows indeed to assess the gas 
separation eff iciency. 

- The mean temperature of the porous gas separ
ator, through which the water 1s fed to the 
electrodes, is fu l l y under control. The 
thermoelectric heat pumps work very satisfac
t o r i l y , allowing to cool the eel1 down tc, 
5 °Z under the nominal operational condi
t ions, 

- When using either high electrolyt ic current 
densities or low porosities or high i n i t i a ' 
e lectro lyt ic concentrations, an unstable 
behaviour can occur. In this case, an excess
ive mist production is observed whi IO voltage 

Fig. 4.2.1.1 Vertical electrolysis cel l in long 
duration test conditions 

and temperature are no longer constant. 

On the basis of these results, the long-term 
tests with the mock-up cel ls have been stopped. 
They are now being used for characterization 
studies. 

4.2.1.2 Prototype cel l 

Until now, the prototype of the vert ical cel l 
has total led about 100 hours of operation, 
allowing to start the development of peripheral 
devices such as the water feed system, the 
demisters and the d i f ferent ia l pressure con
t r o l . During the f i r s t experiment, a bipolar 
working of the cel l caused corrosion of the 
cel l body. Therefore, the heart of the cel l has 
been redesigned. Ceramics w i l l be used wherever 
the l iqu id contacts the cel l body, except for 
the feed tubing. 

The gas separation efficiency has been assess
ed. Less than 300 ppm H2 and 800 ppm 02 have 
been measured respectively in 02 and H . A 
provisional system for control l ing the d i f fer 
ential pressur° has been designed with the aim 
to perform long-term tests. Meanwhile, d i f fer 
ent kinds of demisters w i l l be tested. 
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4.2.1.3 Theoretical model 

As previously stated, an unstable behaviour of 
the electrolysis cell has been observed in some 
circumstances. To avoid this unstability, the 
independent variables (cell current, separator 
temperature, initial electrolyte concentration 
and separator porosity) should fall within some 
range to be defined experimentally. The result
ing ranges and their interrelations can be 
summarized advantageously by a simplified 
deterministic model based on one single para
meter, in casu the overall diffusion coeffi
cient of sulphuric acid in the liquid within 
the vertical separator. The model describes the 
sulphuric acid concentration gradient along the 
vertical porous separator plate. The concentra
tion gradient is the result of a dynamic equi
librium of ascending and descending sulphuric 
acid. The model allows to compute the concen
tration profile in the gas separator. Some 
normalized profiles are shown in Fig. 
4.2.1.3.a. 
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Fig. 4.2.1.3.a Normalized HjSO^ concentration 
profiles in het gas separator of 
a capillary electrolysis cell 

Since this profile can hardly be verified 
experimentally, a theoretical value of the mean 
c mcentration in the separator plate has been 
derived (equation 1). This value is easily 
accessible by measurements. 

Ca » Cas iï2_LLÜÜ / 1 ' erf (,'p h) (1) 

with Ca = mean concentration of HjSO^ in the 
gas separator (mole/m3) 

' HjSC^ at the 
bottom of the gas separator (mole/ 
m3ï 

Cas = concentration 

K I . 

2 ka e S Ce* h 
(m-2) 

electrolysis current (A) 

ka = generalized overal l d i f fus ion 
coefficient (m2/s) 

t = void fraction of the gas separator 
S = area of a horizontal section in the 

gas separator (m2) 
Ce* ~ concentration of pure water (mole/ 

m3) 
K = deterministic constant (mole/C). 

In Fig. 4.2.1.3.b, the normalized mean concen
trat ion of H2SOw in the gas separator has been 
plotted as a function of £. A suitable s tat is
t ica l analysis w i l l allow to obtain the best 
value of parameter ka and to verify the model 
i t se l f . A f i r s t series of orientating experi
ments has been performed with vertical mock-up 
ce l ls . The resulting value of the parameter has 
been used to deduce a f i r s t estimate of the 
upper and lower l imi ts of the experimental 
variables, according to equation (2). Further 
investigation is presently going on to verify 
these preliminary informations. 

Ca.- < 18.663 f l + * f ) exp I h2) (2) 

50 100 150 200 250 100 350 WO <50 500 S lm-") 

Fig. 4.2.1. b: N M M I I Z M ' m tan coflctnbilion «I H,SO, 
in Iht gal wpargler. 

Fig. 4.2.1.3.b Normalized mean concentration of 
H2S0l( in the gas separator of a 
capillary electrolysis cell 
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with Caj * initial concentration of HjSO,, 
(mole/1 ) 

n * ratio of liquid volumes in and under 
the gas separator 

f * - 3 - as derived from equation (1). 
Cas 

4.2.2 Fundamental Metrology of Radionuclides 

C. Ball aux 

The weak 88 KeV gammaray of 109Cd provides one 
of the êw useful efficiency calibration points 
in this energy region for gammaray spectro
metry. Therefore our work in this field was 
continued and in the framework of the SCK/CEN 
cooperation with the Radioactivity Group at the 
US National Bureau of Standards, the paper 
"l°9Pd and 109Cd Activity Standardization and 
Decay Data" was drafted and sent to NBS for 
approval. I t will be presented at the seminar 
on "Techniques In Radionuclide Metrology" 
organized by the International Committee for 
Radionuclide Metrology in June 1987 and 
published in the International Journal of Radi
ation and Applied Instrumentation. 

Regarding a new intercomparlson organized by 
the "Bureau International des Poids et Mesu
res", SCK/CEN will participate again and take 
part in the standardisation of 1 2 5 I in the NBS 
laboratories. 

The collaboration with the Radionuclide Group 
at the Central Bureau for Nuclear Measurements 
at Geel was continued In the framework of the 
contracts BCMN/ST/85-73 and BCMN/ST/85-75. 

Concerning the tracer studies for 109Cd with 
203Hg, the scatter of the data is larger than 
the statistical uncertainties, similarly to the 
measurements with 65Zn as tracer. Therefore, i t 
is doubtful that the sources are sufficiently 
homogeneous. 

Performing efficiency-tracing with 203Hg in 
methane, the extrapolated value for the count 
rate of 109Cd is practically independent of the 
discriminator setting. This method is restrain
ed by two effects. 

- The proportionality constant between the 
counting rate of 109Cd and the activity 
cannot simply be computed from the counting 
equations, due to pronounced coincidence-
summing effects. These effects arise from the 
events of a cascade of vacancies, occurring 
in higher shells, after K- and L-electron 
capture by the nucleus. A systematic study of 
those effects has been made. 

- The efficiency function 'or pure 203Hg 
remains no longer linear, when discriminating 
above 2.0 keV. 

Therefore measurements should be performed in 
Ar-CHk discriminating in the same way as for 
4w(PPC) counting. Two alternatives remain ror 
determining accurately the low-energy tailing 
correction : 

- Efficiency-tracing with 203Hg, using a press
urized proportional counter to obtain a 
better separation of the peaks. 

-Minimizing the self-absorption of the 
sources, used in 4n(PPC) counting, so that 
the tailing correction is always smaller than 
0.1 % (now I t amounts to about 0.5 %). 

I f the latter improvement can be achieved, the 
accuracy should not become worse than that of a 
successful efficiency-tracing method. If not, 
and i f the homogeneity and self-absorption are 
difficult to keep constant during sample evap
oration, I t will not be possible to standardize 
109Cd with an uncertainty of much better than 
0.5 % at the one-standard-deviation level. In 
any case, more work in this field is worth 
trying to improve the accuracy. 

Further work in cooperation with CBNM involves 
the calibration of a well-type, pressure ioniz
ation chamber (20th Century Electronics - type 
IG 12). I t has been connected to the current-
measurement instrumentation. 

For its calibration three reference sources of 
226Ra (57.7, 115 and 503.2 ^g) are available. 
They were prepared from the British National 
Radium Standard of 1912. Old and pure 226Ra 
sources are required to avoid errors in the 
decay corrections from the detection of brems-
strahlung radiation of ? 1 0 Bi , growing in from 
210Pb. The sources were encapsulated in lucite 
rods. 

Special lucite holders have been constructed 
for these rods and also for the ampoules. We 
decided in favour of the same type of ampoule, 
used in the "Système International de Référen
ce", which will also be f i l led with 3.6 cm3 

liquid. Therefore, the holders for the rods 
with the 226Ra sources have been constructed in 
such a way that the source is at the centre of 
the ampoule. 
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4.2.3 Qadiochemical Analysis and Services 

C. Ballaux, A. Bruggeman, 0. Huys 

4.2.3.1 Burnup determination in experimental 
fuels 

In cooperation with the Analytical Chemistry 
Service, several burnu? analyses and related 
investigations on experimental fuels have been 
carried out. At SCK/CEM the local destructive 
determination of the number of fissions per 
inftial heavy metal atom is based on the 
measurement of fission product monitors (Nd 
isotopes and 137Cs) and residual heavy atoms in 
a small sample of the irradiated fuel. Dissol
ution of the sample and initial aliquotation 
have to be carried out by remote manipulation 
in lead-shielded alpha-tight boxes. The iso
topes to be measured are chemically separated 
and purffied by ion exchange and extraction 
chromatography. Isotope dilution mass spectro
metry and a- and ̂ -spectrometry are being used 
for the measurements. The results are calcul
ated and reported with the help of a worksheet 
computer programme. 

In the second semester of 1986 burnup was 
determined on the last two samples from the 
high burnup fuel assembly BR3/B 310 RR. In the 
framework of the international GAIN programme, 
burnup and gadolinium isotopic composition were 
determined on 4 samples from gadolinium doped 
fuel, also irradiated in BR3. Another sample 
was analysed In an analogous way in the frame
work of the GAP programme. Two burnup determin
ations were carried out as part of the burnable 
absorber programme under contract with Westing-
house. Under contract with Exxon gadolinium 
isotope mass ratios and concentrations were 
measured in 13 samples, the uranium isotope 
mass ratios and concentrations were determined 
in 10 samples and burnup analyses were carried 
out on 5 samples. 

4.2.3.2 Analyses under contract 

In the frame of the contract with Belgo-
nudéaire (N* 628 022/608) analyses of 241Ani 
have been carried out for fuel fabrication 
control and specification. 

Radiochemical analyses have also been carried 
out on behalf of various SCK/CEN programmes and 
to support the waste handling facil i t ies. 

4.2.4 Supporting Services for Instrumentation 

F. Ven, G. Van Baelen, N. Pauwels 

On request of an Industrial partner, a Oata 
Acquisition System, earlier developed for the 
Analytical Chemistry Service, has been modified 

and adapted to the specific requirements of the 
customer. The hardware configuration is given 
in Fig. 4.2.4. The system is intended to 
analyse and control mixtures of gases made on 
the request of the customer. 
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Fig. 4.2.4 Diagram of the data logger for the 
quality control of gas mixtures. 

Two user-friendly software packages were devel
oped for the exploitation of the system. The 
f i r s t one allows data acquisition, data 
handling (calibration, statistics, . . . ) print
ing and archivatfon. The second one performs 
the printing of pre-formatted analysis cer t i f i 
cates according to data entered by the opera
tor. I t contains also commercial information 
and a customer directory. 

The acoustic lave'i measuring equipment is now 
used for the calibration of the liquid tanks of 
the HERMES installation. A data acquisition 
system for collection, storage and evaluation 
of the calibration data has been constructed 
(see section 4.3.2). The construction of the 
robotized sample changer for gamma spectro-
metric measurements has been completed. Its 
electric control system and the operating 
software are being developed. 

The pneumatic control system of the sample 
changer for the NaKTl) counter has been 
replaced by a more reliable electric control 
system. 
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4.3 NUCLEAR CHEMICAL TECHNOLOGY STUDIES 
M. Klein 

4.3.1 Conditioning of Cladding Waste 

J. Coursier, A. Daniels*, P. De Meyer**, 
L. Geens, R. Harm'e, J. Marien, 
J. Vaesen, F. Ven 

The programme is carried out under contract 
from the Commission of the European Communities 
(No. FI1W-0019-B) and in cooperation with the 
Kernforschungszentrum Karlsruhe. The active 
demonstration of the hull compaction and encap
sulation technology will be carried out in the 
mechanical cell (CD of the HERMES installa
tion. The main efforts during the reported 
period were devoted to the construction and the 
equipment of this hot cell. The construction of 
the cell and its periphery are in fact part of 
the HERMES programme as reported in section 
4.3.2. The equipment, related to the cladding 
waste programme will be described in this 
section. Some parts of the equipment are 
available from the previous "cladding waste" 
programme (1). New units have been purchased or 
ordered, while other ones have been designed 
and constructed. Figure 4.3.1. shows the 
implantation of the major equipment in the 
cell. 

The hulls distribution unit and the 3000 kN 
press with a diameter of 105 mm were already 
adapted for remote operation and maintenance, 
during the previous programme (1). A gamma 
scanning apparatus has been designed. The in-
cell scanning device for the positioning of the 

dissolver basket is being constructed in the 
workshop of tne LHMA. The activity of tne nulls 
is scanned in an 8 cm diameter basket. A 
collimator, to be positioned into the concrete 
shielding, allows to measure gamma energies 
higher than 400 keV. A total gamma activity of 
3.109 Bq per cm height of the basket has been 
assumed for the design. A classical gamma 
measuring chain, provided with a Ge(Li) detec
tor, will be used. A new semi-automatic gas 
cooled TIG-welding unit has been ordered. It 
differs from the one previously used, in this 
way that the container to be welded remains 
fixed and that the welding torch is rotating at 
1 to 10 rpm. The unit, with a maximum welding 
current of 150 A, presents the possibility of 
oscillating the torch at 0-2.6 Hz while 
rotating, which is necessary for welding of the 
lead container. A helium leak detector, to be 
used for the quality control of the stainless 
steel inner container, has been purchased. This 
apparatus, which can be put into operation in 3 
minutes, has a detection limit of 5.10-8 

Pa.dm3.s_1 and a response time of only 0.5 s. 
For the general surveillance of the cell and 
for close visual control of some operations, a 
monitoring system consisting of in-cell 
disposable cameras linked to a video screen 
outside the cell will be installed. 

The possibility to have radioactive hulls 
transported from Karlsruhe to Mol and vice 
versa was one of the conditions for the appro
val of the research contracts by the C.E.C., 
which additionally finances the transports. 
Originally the use of a TN-6 container was 

(1) Conditioning of Cladding Waste, BLG 584, 
pp. 73-75, April 1986 

* Laboratories for High and Medium Radioacti
vities 

** Technical Service Division 

Fig. 4.3.1 Implantation of equipment in HERMES cell CI 
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foreseen for both transports. Due to the rather 
large volume of 100 kg hulls, KfK proposes to 
have the transport done in 200 dm3 drums, 
shipped in the appropriate transport container. 
As no reception facilities for such drums exist 
at SCK/CEN, reception under water at BR2 should 
then be envisaged in this procedure. The speci
fic technical aspects related therewith are 
being investigated. 

Because the hulls from the WAK will have a 
length of 50 mm, compaction tests with zircaloy 
chops of this length were carried out. About 
600 g of chops in a tin can were compacted, 
with and without addition of lead and aluminium 
sheets. Without the soft metal sheets, the 
compaction products had a density corresponding 
to 80 % of the theoretical zircaloy density and 
representing a volume reduction of 5.3. Addi
tion of the metal sheets had no significant 
effect on the compaction product quality, so 
that it will not be applied during the active 
demonstration (2). Compaction in successive 
steps has aiso been tested. However, since the 
press is not really designed for this kind of 
operation and since the final density of the 
compaction product decreases to 74 % of the 
theoretical zircaloy density, no further expe
riments in this field are intended. 

(2) Conditioning of Cladding Waste, BLG 590, 
pp. 67-68, November 1986. 

4.3.2 Head-End Reprocessing Mock-Up on 
Engineering Scale (HERMES) 

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

The major efforts for the HERMES programme were 
focused on the construction and installation of 
mechanical cell CI. This cell will be used for 
the active demonstration of the conditioning of 
cladding waste (see section 4.3.1). All the 
pipings and connections along the inner wall of 
the shielding and through the passages of the 
shielding were finished and tested and the 
necessary preparations were made for the 
installation of the alpha boxes. Both boxes CI 
and C2 were supplied in two parts : a bottom 
part and an upper part. The position of the two 
parts was adjusted carefully in order to locate 
exactly the positions of connections with 
passages, ventilation ducts and other periph
eral equipment. The two parts are being welded 
together and the welds are being tested at the 
present time. Several cell components, espe-

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

activities 

cially doors and passages, have been construct
ed or are still under construction. The ducts 
of the ventilation system of the two cells have 
also been constructed. Specifications have been 
drafted for a filter on a process gas line from 
cell C2, which will be installed in CI. This 
process filter will be designed for the treat
ment of 25 Nm3/h at an allowable pressure drop 
of 400 Pa and should have an efficiency of 99 i 
for an aerosol of 0.3 nm. The first selection 
has led to the choice of low porosity sintered 
stainless steel filters. 

For the handling of heavy objects in the cell, 
a jib-arm of own SCK/CEN design was construct
ed. The apparatus, which has a lifting power of 
250 kg, has been tested and some miror improve
ments are still being implemented. The necess
ary software for control by means of a personal 
computer has been developed. Figure 4.3.2.1 
shows the jib arm during the test runs. 

Fig. 4.3.2.1 Jib arm to be installed in HERMES 
cell CI 

The head of the pin chopper has been adapted 
successfully, in order to avoid blocking, so 
that the chopper could be put in operation 
again. However, leaks in the hydraulic system, 
due to normal wear out, require maintenance 
works at the moment. 
The causes of the problems during casting of 
the upper part of the dissolver, have been 
identified. Enclosures and cooling cracks have 
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been observed which are attributed to the 
presence of chromium oxides in the molten metal 
before casting. This might be avoided by 
installing the appropriate filters in the 
liquid metal feed lines. For Vr~*. purpose, the 
casting mould «ill have to be adapted. 

The calibration of the vessels, mainly slabs, 
of cells C2 and C4 is necessary before instal
lation in the cells. A first calibration run 
was carried out, using the two-level measure
ment techniques as planned : the sonic method 
and pneumercator dip tubes. The results showed 
a good correspondence between the two methods, 
although the accuracy still needs some improve
ment. In that perspective, the calibration 
procedure and the data processing are being 
automated. Moreover, this enables a more 
complete parametric study of the sonic method. 
Fig. 4.3.2.2. shows a picture of the set-up for 
the calibration tests. 

4.3.3 Recovery of Highly Enriched Uranium from 
Irradiated Targets 

D. Huys, L. Sannen*. A. Daniels*, 
M. Klein 

The contract work for IRE concerning the 
recovery of highly enriched uranium targets has 
been further continued during the second hal ' 
of 1986. The total quantity recovered now after 
6 campaigns amounts to 3 kg purified uranium. 

The leaching and extraction phase in the hot 
cell for the UT7 campaign has been finished and 
the final purification step for the first half 
of the UT7 production is also completed. The 
last campaign UT8 started at the beginning of 
1987. 

The UT6 analytical campaign has shown that the 
mass balances of the different steps (dissolu
tion, TBP extraction, TTA extraction) can be 
closed with a relative error of 1 to 2 %. 
Different uranium losses were clearly identi
fied : the undissolved uranium remaining on the 
filter cake amounts to about 2 % ; the uranium 

* Laboratories for High and Medium Radioactivi
ties 

Fig. 4.3.2.2 Calibration set up for HERMES liquid tank's 
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lost in the -ed precipitate formed in the TTA 
extraction step amounts to about 0.7 % and the 
uranium lost in the various liquid and solid 
wastes amounts to the same va^e of about 
0.7 % ; the sampling losses can '>e kept around 
1 % in a standard campaign. Tie main waste 
forms containing fissile material are the 
insoluble residues. 

An overview of the quantities treated till 
campaign UT6 is given in Fig. 4.3.3.1. 
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Fig. 4.3.3.1 Recovery of enriched uranium from 
IRE. Overview of the production 
cycli 

An overview of the distribution of the losses 
for the analytical campaign UT6 is given in 
Fig. 4.3.3.2. 

4.4 .EOTECHNOIOGY INVESTIGATIONS 
A. F.onne 

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/CMORAF (contracts CCHO-84-14/6) and by 
the Commission of the European Communities 
(XCE-FI-FI-004-&;B) and WAS 428-84-9-9(RS) ). 

4.4.1 Operation and Exploitation of the Under
ground Facilities 

M. Buyens, B. Neerdael 

Inspections and controls of the hoist system 
and the underground facility are periodically 
made in accordance with the operational 
instructions. 

The average water inflow collected at the 
bottom of the access shaft is now stabilized at 
about 5 1/h. Taking into account that this 
total water influx results in part from the 
condensation of ventilation air moisture along 
the cold wall of the concrete shaft lining and 
partially from small leaks, the conditions are 
now in agreement with the maximum water perco
lation rate of 50 1/day, complying to the 
initial requirements. 

Besides the usual exploitation activities also 
some special tasks have been carried out during 
this semester for enhanced operational safety 
as well as to satisfy the experimenters 
needs : 

THE SUM OF THE DISCARDS REPRESENTS b. 1 X OF THE INITIAL U CONTENT 

1. 2 X FILTER AND FILTRATE LOSSES 

il. 1 X RED PRECIPITATE 

7 X TTA WASTE 
2.6 X RESIDUE IN HAF 

0. 0b X HAW WASTE 
0. 9 X TBP WASTE 

0.5 X LLW DISTILLATE 

30.7 X DISSOLUTION RESIDUE 

45 .9 X SAMPLING 

Fig. 4.3.3.2 Distribution of uranium discards in the analytical campaign UT6 
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- four stainless steel tubes (d 10 ran' have 
been placed along the shaft l in ing to create 
a closed network for the driver gas of the 
corrosion experiments in clay atmosphere ; 

- the neon lamps in the shaft and the gallery 
were replaced and some lamp casings had to be 
repaired at the same tin*» after a working 
period of about 20,000 hours ; 

- the venti lation unit has been provided with a 
second fan which w i l l start .utomatically in 
the case of fa i lu re of the main fan. 

Besides geotechnical experiments described in 
section 4.4.2.3, the larger part of the experi
ments now running are related to corrosion, 
migration and hydrological studies (see appro
priate chapters for more deta i ls ) . 

Three electrodes (one pH and 2 reference elec
trodes) were placed in boreholes around the 
loop where direct contact corrosion tests were 
carried out at 15 °C. This allows to character
ize the clay surrounding the exposed materials 
from electrochemical point of view. 

Al l corrosion tubes in the clay were r - ig inal ly 
equipped with Pt and Au measuring electrodes. 

The f i r s t of four corrosion experiments in a 
humid clay atmosphere is entering i t s oper
ational stage. The last connections are being 
made underground, together with the emplacement 
of the heating elements and samples inside Ine. 
f i l t e r tube. 

In the frame of hydrological investigations, 
complementary pore water sensors and cells have 
been implanted In appropriate bore holes, 
starting from the crossing chamber, in view of 
the future test d r i f t construction. Also two 
f l a t f i l t e r s were instal led, radial ly extending 
from the underground laboratory, to investigate 
possible differences between the horizontal and 
vertical permeabilities in the clay. 

The two preliminary migration experiments,, 
started in October 1985, have supplied su f f i 
cient information on the water pressure, the 
flow rate and the observable migration effects, 
so that their recovery is planned 1n the near 
future. 

The HADES Data Collection System is now fu l ly 
operational. Signals from underground sensors 
are transpctted from the local network to the 
central HAD£J data bank 2t the host computer, 
using the optical f ibre communication Une. 
Experimenters are free to use their own local 
virtual machine terminals for the analysis and 
evaluation of data collected from the different 
underground experiments. 

4.4.2 Geomechanical Behaviour of Boom Clay 

D. De Bruyn, B. Neerdael 

4.^.2.1 Laboratory experiments 

The last series of tests performed at the 
University of Liège corroborates previous 
results on undisturbed clay, part icularly 
concerning i ts cohesion and angle of shearing 
strength derived from t r i axial consolidated/ 
undrained tests ; the larger dispersion of data 
obtained for the t r lax ia l creep tests can be 
a t t r i b u t e d to the charac ter is t ics of the 
samples under study. 

Data available for Boom clay were discussed 
with the project group of the University of 
Utrecht which in the framework of the Dutch 
R & D programme on geological disposal is in 
charge of sampling the mechanical parameters 
for a l l materials involved in HLW disposal 
design studies. 

Results or" the laboratory tests performed as 
previously reported en Boom clay at 3GS for 
ISMES in the frame of a CEC contract, have been 
published ; the clay is described as being a 
hard, overconsolidated clay of high p last ic i ty 
characterized, among others, by : 

- an overconsolidation rat io at the sample 
depth of 2.4 ; 

- a vert ical hydraulic conductivity at condi
tions in situ in the range of 2 10"12 m/s ; 

- an undralned shear strength of 1.1 MPa and an 
undrained Young's Modulus (secant at 1 % 
strain) of circa 200 MPa under in s i tu stress 
conditions. 

4.4.2.2 Mathematical modelling of clay rheology 
at normal temperature 

The mechanical behaviour of such a clay when 
digging and l in ing galleries at depth is being 
evaluated by using vwo different approaches : 

- the f i r s t one, considering an elasto-visco-
plastlc model with strain softening, is 
developed at the "Ecole Polytechnique" of 
Paris ; 

- the second, taking Into account the responses 
to external s o l l i c i t a t i o n of the clay 
skeleton as well as of the pore water (cam-
clay" model) has been ordered to the "Ecole 
Centrale" of Paris. 

The measurements recorded during and i f t e r the 
excavation of the small experimental d r i f t w i l l 
allow determination of the required parameters. 
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First results are expected in April 1987. 

In order to star t from basic reference data for 
further comparison with more sophisticated 
models, a small computer code (Eplast) wf>s 
developed and is operational ; i t is based on 
the theory of the convergence-confinement pr in 
ciple with a pe-fect isotropic el?sto-plastic 
model. 

4.4.2.3 Field measurements 

The pressure buildup as indicated by the 
Gloetzl borehole cel l cylinders proceeds rather 
slowly and values of 1.75 MPa have been record
ed up to now. 

Besides the routine measurements and considered 
as a further development with respect to the 
previous instrumented steel tubes for conver
gence/confinement studies an aluminium tube, 
116 mm in diameter, equipped with 3 measuring 
sections for deformations at 12 individua1 

radi i and 30 strain gauges for stress measure
ments was eniplaced in the axis of the under
ground laboratory behind the concrete plug at a 
distance of 13 m into the clay. The presence of 
the multipiezometer nest in the v ic in i ty at a 
distance of about 1 m has been the opportunity 
to record the response of the clay to this 
d r i l l i n g . 

Hydraulic piezometers and pore water screens 
were implanted in clay from the crossing 
chamber under the access shaft to increase the 
network of pore water pressure measurements 
around the excavation works ; these instruments 
w i l l also allow to get informations in the pore 
water pressure dissipation when digging the new 
test d r i f t in the course of 1987. 

4.4.3 Hydro!ogi'cal Research 

J . PUyn, M. Monsecour, W. 81ommaert* 

Two items are to be considered in the f ie ld of 
hydrological research pertaining to the local 
as well as to the regional scale. 

4.4.3.1 Regional hydrogeological research 

Regional hydrogeological research has mainly 
been focused on the hydrochemical behaviour of 
the aquifer system. At present, evaluations and 
interpretations have been focused on the wells 
instal led in the aquifer underlying the Boom 
clay along a direction parallel to the E-W 
groundwater f low. This f lowl ine has been 
selected because these wells might provide 
indications for a relation between the flow 
system and the hydrochemistry. 

* Waste Oepartnent 

As an exanple, the analysis carried out on the 
total dissolved sal t (TOS) content is shown on 
Fig. 4.4.3.1. The decreasing TDS-content along 
the flowline could suggest a mixture with soft 
water due to leakage through the Boom clay. 
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Fig. 4.4.3.1 Total dissolved salt content vs 
depth along a streamline in the 
Rupelian aquifer 

Nevertheless, as reequil ibration of the l iqu ; 
phase versus s l ight ly soluble compounds should 
also be taken into account, further analysis is 
carried out to identi fy the control l ing factors 
in the hydrochemical system. 

4.4.y.Z Local hydrogeological research 

Several multi piezometers consisting of both 
Glijtzl pressure cel ls and stainless steel 
f i l t e r screens have been instal led in the Boom 
clay as shown on Fig. 4.4.3.2. They allow a 
precise recording of the hydrostatic pressures 
in the v ic in i ty of the underground f a c i l i t y and 
cover about half of the clay layer thickness. 
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Fig. 4.4.3.2 Piezometers and présure ce . i in 
the v ic in i ty of the undergo md 
f a c i l i t y , with measured pres.ur s 
indicated (bar) 
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On the basis of those measurements the two-
dimensional model (BLG 590) has been further 
calibrated and results in a decrease of the 
permeability of the formerly frozen clay ; this 
procedure allows to reproduce the high hydro
static gradi- .t observed in the immediate 
v ic in i ty of the gallery. 

On the other hand, the in-s i tu clay permeabili
ty has been estimated by measuring the dis
charge ratés in the piezometers SSW and SSE, 
for SSE the hydraulic gradient is referenced to 
the bottom of the formation. Hydraulic conduc
t i v i t i es range from 4 x 10"10 m/s to 2 x 
10"9 m/s ; those data are in fa i r l y good 
agreement with previous laboratory tests and 
with permeabilities derived from regional 
groundwater modelling. 

4.4.4 Migration of Radionuclides in Boom Clay 

P.N. Henrion, M. Monsecour, M. Put 

4.4.4.1 Exploitation of the Diffusion Labora
tory (Fig. 4.4.4.1.a) 

A series of diffusion tests in clay cylinders 
reconsolidated at 10, 25 and 50 kg/cm2 is under 
way with no sorbing species such as HTO, 1 3 1 I " , 
^C-labelled sucrose (retardation factor = 1), 
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in view of the assessment of the apparent 
diffusion coeff icient and the porosity effec
t ively available to a migrating waste species 
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t ively available to a migrating waste species 
under in si tu conditions. The equipment of a 
single diffusion cel l is sketched in Fig. 
4.4.4.1.b. Both faces of the consolidated clay 
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Fig. 4.4.4.1.a View of the laooratory for 
<üff\is^on tests in u>nsdidateö 
c'ay 

Fig. 4.4.4.1.b Diffusion test c i rcu i t 

plug can be homogeneously irr igated by ground
water. Act iv i t ies appearing in the lower com
partment are monitored by sampling (p ac t i v i 
t ies) or by continuous measurement (y a c t i v i 
t y ) . Convective transport consecutive to a 
pressure head across the cel l can be studied 
provided a l i t t l e modification is brought to 
this set-up. Diffusion tests w i l l be extended 
to small humlc acid molecules which, because of 
the strong complexes formed with Tc, Np, Pu, 
Am, ire the radioactivity vectors in Boom 
clay. 

The result of this study w i l l be a much more 
real is t ic assessment of the actual f lux of 
radioact ive substances in the geological 
barrier. 

4.4.4.2 Chemistry of the Boom clay 

Kinetics measurements carried out in the labo
ratory of colloïdal and surface chemistry of 
the K.U. Leuven have shown that the organic 
complexes of Tc in Boom clay reoxidize much 
faster than their counterpart in so i ls , provid
ing thus an additional jus t i f i ca t ion for oper
ating under s t r i c t anaerobic conditions. As 
more organic material is being extracted from 
the clay by raising the pH of the extracting 
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solution, the Eu (Am, Pu) tends to shift from 
its complexes in the solution to occupy the 
mineral sorption sites set free in the extrac
tion process. This frovides an indication that 
a possible radiolytic destruction of some 
organic material will not necessarily be 
detrimental to the retardation of Am and Pu. 

4.4.4.3 Radiolysis of Boom clay 

However the type of overpack capable of with
standing corrosion during such an extended 
period of time has not yet been developed. 

4.4.5 Performance and Safety Assessment of 
Geological Disposal 

A. Bonne, J. Marivoet, G. Volckaert, 
C. Van Bosstraeten* 

The computer programme desi^r.cJ for the assess
ment of the radionuclide distribution in the 
near-field has been completed and has been used 
to evaluate the a-irradiation doses caught by 
the clay as a consequence of nuclear waste 
migration. Calculations clearly show the impor
tance of delaying migration by means of a care
fully designed engineered barrier. Delay of the 
actual activity leakage by 3 x 10* y brings 
about a drop of two orders of magnitude in the 
dose rate dissipated to the near-field clay. 
Presumably, under such circumstances the redox 
aid pH buffers of the formation will effective
ly cope with the disturbance (Fig. 4.4.4.3). A 
105 y delay brings about a decrease of 3.5 
orders of magnitude in the dose rate to the 
clay and a substantial drop of the total burden 
to the formation because the bulk of the Pu 

Until now the performance of a repository 
system in a Belgian HLW disposal concept has 
been evaluated for scenarios which do not 
affect the integrity of the clay layer host 
formation. The scenario analysis, based on 
geological data and historical information, has 
shown that a scenario involving a fault in tne 
clay layer through the repository area, should 
also be considered. 

In this faulting scenario, the fault plane is 
assumed to remain filled with clay but in and 
close to the fault the structure of the clay 
will considerably be altered. Evidences of 
tectonic activities indicate that tie faults in 
the area are the result of many small displace
ments of a few centimeters. However, in order 

act iv i ty has decayed during that period. * CORAPRO 

Alpha energy exposure dose 
due to a stack of 12 

1F + 27-, 

J lE + 26-

C IE+25-

a> 1E + 24-

cu 1E + 22-
i_ 
w 1E>21-
o 

^ - l E + 2 8 -
a> 

1E+19-
o 

- £ _ 1 E * 1 8 -

^ 1F +1 7 

IE 

of the formation 
canisters. 

1 Micof . 

- Source energy content 

R- 10B 50 y delay 

R-100B 50 y delay 

R- 100 30000 y delay 

R-1008 30000 y delay 

R* 100 100000 y delay 

R'1000 100000 y delay 

i " i i i i 
• 00 lE*-fll lE + 02 1E + 03 1E + 04 1E + 05 IE 

Time after beginning of migration in YEARS. 
•0b 

Fig. 4.4.4.3 Alpha energy exposure dose of the formation due to a stack of 12 canisters 
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to avoid the need for complicated models consi
dering the varying geometry of the fault zone, 
it is conservatively assumed that a fault with 
a throw of a few meters is generated instan
taneously. 

A probabilistic analysis only allows to account 
for the probabilistic nature of the considered 
phenomena. To ensure that for each considered 
reference time point t a sufficient number of 

l - l 
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"hn, 
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Fig. 4.4.5.1 Histogram of the calculated annual 
doses at 300 000 years in the case 
of the fault ing scenario 

relevant runs is available to obtain a real is
t i c estimate of the dist r ibut ion function of 
the annual doses, separate Monte Carlo simula
tions are performed for each reference time 
point. Simulations of 500 runs are performed 
and the time of occurence of the fau l t is 
sampled from the interval ( 0 , t ) . The histogram 
of the calculated annual doses 300,000 years 
after closure of the repository is shown in 
Fig. 4 .4 .5 .1 . The total risk due to the con
sidered scenario is the product of the expecta
t ion value of the consequences and of the 
occurrence probability of this scenario which 
is << 1 for a l l considered time points. The 
frequency of a faul t passing through the 
repository area is estimated from the observed 
distr ibut ion of faults in the region as a 
function of the distance from the Roermond 
Graben. In the risk calculations th« faul t 
frequency can be defined by a best estimate 
value of 10"10 y 1 or by a loguniform d is t r ibu
t ion with range 10"11 to 10"8 y " 1 . The es t i 
mated risks are shown as a function of time in 
Fig. 4.4.5.2. 

The fault ing scenario yields annual doses of 
the same order of magnitude a: those estimated 
for the normal evolution scenario. These rather 
small doses can be explained by the small 
fraction of the total ac t i v i t y , which is 
affectPd by the fau l t , with respect to the 
total inventory disposed of in the repository. 

The estimated risks are several orders of 
magnitude lower than in the case of the normal 
evolut ion scenario because the occurence 
probability of the fault ing scenario is very 
low. 
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Fig. 4.4.5.2 Estimated risks as a function of 
time due to the fault ing scenario 

4.4.6 Demonstration and Pi lot Faci l i ty 

A. Bonne, M. Buyens, 0. De Bruyn, 
P. Meynendonckx, B. Neerdael, 
L. Noynaert, G. Volckaert 

At present, «f inancing of the project by the 
Commission of the European Communities and 
NIRAS/0NDRAF is being negotiated. The support 
of the C.E.C. is granted under contract No. 
FUW-004-B. 

Design 

The design and construction plans of the test 
d r i f t to be bu i l t in phase 1 of the HADES 
demonstration and p i l o t phase are completed. 
Two tunnelling concepts have been selected for 
the test d r i f t : a s t i f f tunnel l in ing concept 
with concrete l iners is foreseen in the f i r s t 
section of the test d r i f t ; a second section 
w i l l be bu i l t on the i n i t i a t i ve of the French 
AN0RA and w i l l be supported by sl iding steel 
ribs according to the convergence-confinement 
principles. 

Following discussions with the consulting 
engineer Tractebel and the j o i n t venture 
Foraky-Smet, the connection to the main shaft 
wi l l be made with a circular transit ion zona of 
2.64 m inner dianieter and 40 cm concrete 
thickness as already indicated among the 
possibi l i t ies in report 1986-1 (BLG 590). 

Also the number of access ports to the clay to 
accomodate the experimental equipment has been 
reduced to one with a diameter of 760 mm, 10 
with a diameter of 400 mm and 25 at a diameter 
of 200 mm. 

The void space between the concrete segments 
and the excavated clay wall w i l l be backfi l led 
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directly after positioning of the concrete 
liners, using a non-clayey material of appro
priate particle size. 
Geotechnical campaign 

An elaborate geotechnical survey programme 
using advanced auscultation equipment is fore
seen in the clay and the lining. Several dif
ferent types of measurements are foreseen to 
assure sufficient redundancy in the measure
ments and to allow cross-^h-rking at the inter
pretation of the data. 

the Telemac "distomatic" device which allows 
accurate measurements of four diameters in 
different orientations at each of four sections 
of the drift, using convergence studs anchored 
in the lining. 

Three of those four sections will also be 
equipped with pressure cells placed behind the 
drift lining and load cel?s between the con
crete lining segments. The most representative 
section in the centre of the drift will accomo
date 12 pressure cells and 8 load cells. 

The equipment is shown on Fig. 4.4.6.1. The 
roof of the test drift will be equipped with 
two horizontal inclinometers of respectively 12 
and 23 m length and a "tassometer" series with 
a total length of 35 m will be installed. The 
12 m inclinometer has been installed at the end 
of 1986. Piezometer screens and hydraulic pore 
water pressure cells have been placed from the 
crossing chamber and extend at different 
inclinations under the planned test drift in 
order to obtain d*t.a on pore water dissipation 
and pressure variations during the construc
tion. Those instruments are also equipped with 
PT100 temperature sensors. 

Deformations of the lioino will be recorded by 

A multipoint extensometer will be anchored near 
the centre or the new drift extending downwards 
in the clay at a distance of about 20 m. 

All sensors are to be connected to the central 
data collection system via automatic measure
ment devices. 

Licensing 

Requests introduced to the responsible bodies 
for mining and to the municipal authorities of 
Mol granted the necessary licenses to enlarge 
the underground laboratory and to start con
struction of phase I of the oilot and demon
stration Dro.iect. 
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Cerberus test 

The acronym CERBERUS means : Control Experiment 
with Radiation for the BEJgian Repository for 
JJnderground storage. 

The proposed experiment fits in the logical 
evolution of the HADES project to get experi
mental information about the near field condi
tions of HLW canisters after 50 years cooling 
time. The test tries to simulate the radiation 
and temperature fields representative of a HLW 
canister after disposal. The test will last 
during five years and will investigate particu
larly the nearest 30 cm of Boom Clay in the 
vicinity of the container. In the concept which 
is presently under study, a 60Co radiation 
source of about 0.5 PBq (13,500 Ci) and an 
installed heat source of about 1500 W would be 
used. The investigations include measurements 
of the interstitial pressure, the Ph, the Eh, 
the temperature, the dose and the chemical 
composition of samples of water and clay as 
well as the corrosion on canister cladding 
material. 

Fig. 4.4.6.2 presents a scheme of the test in 
its present design stage. 

MIMTMM lUMMT 

Fig. 4.4.6.2 Concept for a combined heat and 
radiation experiment 

4.4.7 Disposal of Low Level Haste on Land 

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

In the frame of a contract granted by NIRAS/ 
ONDRAF (CCH 0-84-14/4) the concept of a shallow 
land burial installation on the'site of Mol 'nas 
been developed, taking into account natural 
phenomena such as seismicity and fluctuations 
of the phreatic water surface. Barriers have 
been provided in the design in order to delay 
the transport of radionuclides to the environ
ment and to man. 

In the framework of the performance e->d safety 
analysis, values for the individual and collec
tive risks have been calculated (Fig. 4.4.7.1 
and 4.4.7.2). As can be seen from the first 
figure the highest individual risk values are 
calculated as a result from the accidental 
scenarios. Very conservative assumptions have 
been applied for calculating the upper limits 
of those risk values. None of the scenarios 
considered gave rise to individual risk values 
higher than the limit of 10"5 fatal cancers per 
year, recommended by the I.C.R.P. However, due 
to the very conservative assumptions, the 
individual risks from the combination of all 
scenarios could not be shewn to remain below 
10"5 fatal cancers per year. 
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L.H. Baetslé, A. Bonne, P. Dejonghe, "The HADES 
Demonstration Project for Radwaste Disposal in 
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Research, U.S.. National Bureau of Standards, 
October 1986. 



76 

1E-IK " 

1E-05 -

< 1E-06 -
UJ 

(/I 
or 

1E-07 -

1E-08 * 

1E-09 -

It— lu 

ACCIDENTAL SCENARIOS - UPPER LIMITS 

g 

M
ST

R
U

C
TI

 

o 

B
U

IL
D

IN
G

 

g 
o 
t 
=3 
OC 

KA 

R
O

A
D

 C
O

N
 

N
ST

R
U

C
TI

 

o 

CH
AN

NE
L 

— I 

V . . . • 

' : : ' • ' 

i •' • 

: • 

U i 
RE

SI
O

EN
C

 

z 

R
 

D
R

A
IN

I 

u. 

CH
AN

NE
L 

• » z 

TI
O

 

TI
O

 

R 
IR

RI
CJ

A 

•-> u. 

CH
AN

NE
L 

R
JN

A
VI

G
A

 

o u. 

CH
AN

NE
L 

_• 
id 

W
A

TE
R

 W
 

i NORMAL EVOLUTION 

«/> I ir 
i , u 

1 > | 1 
1 cc 

i —> 1 < 

BY
 A

C
T

! 

z 

D
IS

PE
R

SI
O

 

_J 
_J 
UJ 

cc 
UJ 

< 
2t 

Fig. 4.4.7.1 Individual risk of normal evolution and accidental scenarios of a shallow land waste 
burial s i te at Mol-Dessel (r isk expressed as fatal cancers per year) 

1E-01 -

'.E-02 " 

1E-03 -

1E-04 -

« V 

oc 1E-05 " 
< 
UJ >-
g 1E-06 -
ac 

1E-07 -

1E-08 " 

1E-Q9 

1 

ACCIDENTAL SCENARIOS 

B
U

IL
D

IN
G

 
CO

NS
TR

UC
TI

O
N

 

R
O

A
D

 
C

O
N

ST
R

U
C

TI
O

N
 

CH
AN

NE
L 

C
O

N
ST

R
U

C
TI

O
N

 

[UJ 

- UPPER LIMITS 

CH
AN

NE
L 

FO
R

 D
R

A
IN

IN
G

 z 
o 

< 
a 
or 
0Ç 

oc 
a 
u. 

d 
< 
X 
UJ 

z 
o 

CH
AN

NE
L 

FO
R

 N
A

V
iG

A
TI

 

W
A

TE
R

 W
EL

L 

NORMAL EVOLUTION 

i /> 
K 
UJ 

> 
n? 
ai 

• I 
• * 

.3-

' 

W
A

TE
R

 W
EL

L 

Fig. 4.4.7.2 Collective risk of normal evolution and accidental scenarios of a shallow land waste 
burial site at Mo1-0essel (risk expressed as fatal cancers per year) 



C. Ballaux, D. Reher, E. Celen and C. Lievens, 
"Standardization of 109Cd with the Efficiency-
Tracing Method", CBNM Internal Report 
GE/R/RN/14/86. 

C. Ballaux, "Study on the Installation and 
Calibration of an Ionization Chamber", CBNM 
Internal Report GE/R/RN/15/86. 

P. De Regge, "Conditioning of cladding waste 
f j r long-term storage by press compaction and 
encapsulation in lead containment", R port EUR 
10824 EN (1986). 

D. Reher and C. Ballaux, "Sum Peak in a Spec
trum", CBNM Internal Report GE/R/RN/17/86. 

A. Saltel l i , J. Man'voet, "Performance of non-
parametric statistics in sensitivity analysis 
and parameter ranking", Report EUR 10851 EN 
(1986). 

A. Verbeken, "Uraniumbepaling in hat erts 
Müllenbach", Eindwerk voorgedragen tot het 
bekomen van het diploma van industrieel inge
nieur in de kernenergie, optie kernchemie, 
Industriële Hogeschool Brussel (1986). 

"High Level Nuclear Waste Disposal", 
Proceedings of the International Topical 
Meeting, held in Pasco, Washington, USA? 

September 54-26, 1985),ed. by H.C. Burkholder', 
Batelle Memorial Institute, Colombus Richland 
1986, ISBN 0935470-29-8 

- A . Bonne, G. Col lard , P. Dejonghe, 
E. Oetilleux, "Status of the Nuclear Disposal 
Programme in Belgium, p.l 

- P. Manfroy, R. Heremans, A. Bonne, "Ten years 
of site specific research and its relevance 
to the concept of a waste disposal system in 
clay", p. 233 

- L.H. Baetslé, P. Henrlon, M. Put, A. Cremers, 
"Study of the Boom clay layer as a geochemic-
al barrier for longlived radionuclides", p. 
313 

4.5.2 Lectures 

L. Geens, W.R.A. Goossens, J. Marien, "Krypton 
recovery by cryogenic distillation without 
preceding oxygen elimination", 19th DOE Nuclear 
Air Cleaning Conference, Seattle, Washington, 
August 18-21, 9186. 

A. Rahler, R. Cornelissen, A. Bruggeman, 
"Development of an electrolysis cell for the 
recovery of tritium from fts oxides", 14th 
Symposium on Fusion Technology, Avignon, 8-12 
September 1986, 

77 ' - ^ 

0. De Bruyn, "Determination des caractéristi
ques thermo-mécaniques de 1'argile de Boom : 
Expériences en laboratoire et in situ", Ecole 
d'été de thermomécanique des roches, Aies, 8-12 
septembre 1986. 

A. Bruggeman, "La fusion thermonucléaire et le 
tritium", CENES, Alger, 1 October 1986. 

P. De Bièvre, S. Baumann, T. Görgenyi, E. Kuhn, 
S. Deron, P. De Regge, J. Dalton, R.E. Perrin, 
Ch. Pietr i , "1987 Target values for uncertainty 
components in. f issile isotope and element 
assay", International Symposium on Nuclear 
Material Safeguards, Vienna, Austria, 10-14 
November 1986. 

R. Carchon, P. De Regge, F. Franssen, "RITCEX, 
aims and conclusions", International Symposium 
on Nuclear Material Safeguards, Vienna, 
Austria, 10-)4 November 1986. 

0. Reher, M.J. Woods, C. Ballaux, R. Nijs and 
E. Celen, "Construction of a Stable Air Capaci
tor for Use with Standard Ionization Chambers", 
Ionization Chamber Workshop, NBS, November 
19-20, 1986. 



79 3C 

C H A P T E R 5 

CHEMICAL ENGINEERING DEPARTMENT 

W.R.A. GOOSSENS 



31 

5. REPORT OF THE CHEMICAL ENGINEERING DEPARTMENT 

5.1 Staff 

5.2 Applied physico-chemistry 

5.2.1 Transport phenomena in porous structures 

5.2.2 Ultra- and microfiltration 

5.2.3 Immobilization techniques of bioactive species 

5.2.4 Diaphragms for chlor-alkali electrolysis 

5.2.5 Hydrogen tungsten bronzes for use in H2~sensors 

5.2.6 Waste characterization 

5.3 Separation techniques 

5.3.1 Sludge treatment research 

5.3.2 Water research 

5.3.3 Aerosol trapping 

5.4 Process technology 

5.4.1 Qualification of fluidized bed combustion for coal waste 

5.4.2 Materials tests in an atmospheric fluidized bed coal 

combustor and in a fluidized bed coal gasification test rig 

5.4.3 Process qualification of municipal waste incinerator 

5.4.4 Process techniques for waste products 

5.4.5 Electrochemical reactor technology 

5.4.6 Upstream fuel cell technology 

5.4.7 Ceramic and metallic materials for high temperature heat 

exchangers 



82 

5.5 Process engineering 

5.5.1 Energy recovery from municipal solid waste 

5.5.2 Process evaluation of the off-gas line for the 

HAWAI-waste incinerator 

5.5.3 Safety assessment of industrial installations 

5.5.4 Odour control in an asphalt papar manufacturing company 

5.5.5 Services to industry 

5.6 Publications, reports, lectures 

5.6.1 Publications 

5.6.2 Lectures 

5.6.3 Reports and Patents 



83 

5.1 STAFF 

Department Head 
Secretaries 

APPLIED PHYSICO-
CHEMISTRY 

PROJECT STUDIES 

W. 
G. 
M. 

R.A. Goossens 
Meynen 
Volders 

Professional Staff 

R. 

C. 
R. 
R. 

G. 

H. 
A. 

Leysen* 

De Brandt 
Deknock 
Goris-Craps 

Wouters* 

Hoeyberghs 
Joosten 

Technical St3ff 

W. Adrianser.s 
W. Doyen 
M. Leynen 
R. Proost 
S. Taghavi 
C. Van der Poorten 
Ph. Vermeiren 

Technicians 

P.J. Boddou 
L. Deckx 
M. Kaers 
J.P. Moreels 
J. Stroobants 
J. Van Houdt-

Palverso 
G. Vermeir 

G. Jacobi+ 

L. Raats 
P. Vanderstraeten(l) 
G. Van Houte 

PROCESS DEVELOPMENT NN 

A. Faseur 
P. Geuzens 
P. Heylen 
C. Weyers 

H. Elslander 
L. Kinnaer 
J. Van Dooren 

J. Boons 
F, Bouwens 
M. De Smet 
N. Hermans 
M. Hertschap 
D. Laureysen (2) 
J. Stevens 
D. Wilczek 

Trainees and Students 

L. Broothaerts 
D. Hooyberghs 
C. Verlinden 
H. Van Schil (Sanotec) 
C. Winckelmans 

* Head of Section 
+ 17.11.1986 
(1) un t i l 31.08.1986 
(2) temporary (unt i l 19.12.1986) 



/ - \ r r-u -> 
85 

5.2 APPLIED PHYSICO-CHEMISTRY 

5.2.1 Transport phenomena in porous structures 

w. Doyen, R. Proost, L. Broothaerts, R. Leysen 

Up to now all membrane research work was 
carried out on flat sheet membranes. Besides 
flat sheet membranes other membrane configur
ations exist e.g. tubular and hollow fit<»e 
membranes. The hollow fibre membrane con
figuration is very interesting because it 
offers the highest ratio or total membrane 
surface area per unit volume of module. 
Therefore, we have started characterization of 
existing hollow fibre modules. An Amicon 
CH2PR hollow fibre concentrator (laboratory 
cell) with four hollow fibro modules with 
cut-off values of respectively 3,000; 10,000; 
30,000 and 100,000 Dalton was purchased. This 
installation was adapted to work isothermally. 
Tha characterization work on these hollow 
fibre modules is in progress. 

5.2.2 Ultra- and microf i l t rat ion 

R. Leysen, W. Doyen, R. Proost; M. Thiry 
(Biology) 

As reported earlier (BLG 590;, it was observed 
that the slope of the retention curves is 
strongly affected by the amount of inorganic 
compound present in the polysulfone membranes 

made oy SCK/CEN manufacturing orocedure. This 
relationship has been further investigated for 
membranes having a content of inorganic 
compound of respectively 60, 80 and 90 wt. X 
at different transmembrane pressures. The 
retention curves of the membranesare shown in 
Fig. 5.2.2 a, measured at a transmembrane 
pressure of 0.47 MPa. It appears clearly from 
this figure that the membrane with the highest 
content of inorganic compound has the steepest 
retention curve and therefore also the nar
rowest pore size distribution. As a result it 
is possible with this type of membrane to 
separate two molecules, having a molecular 
weight that only differs by a factor 2 from 
each other, since the retention for the 
molecule Dextran 40,000 is only 8 % and for 
the molecule Dextran 74,300 90 1. 

In frame of a new contract sponsored by the 
Flemish Executive for the manufacturing of 
inorganic loaded hollow fibres, some prelimi
nary hollow fibre casting experiments were 
performed. Fig. 5.2.2 b shows a picture of 
the cross-section of such a fibre. These 
experiments were executed by means of a glass 
hollow fibre spinneret of the "tube in 
orifice" design (see Fig. 5.2.2 c). These 
experiments were promising, so that it was 
decided to construct a metal hollow fibre 
•„pinneret with changeable tube in orifice 
diameters. A lot of problems were encountered 
while producing the first hollow fibres with 

Fig. 5.2.2.a : Retentijn curves for SCK/CEN composite-membranes (at 0.47 MPa) 
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encou-aging results. 

Fig. 5.2.2.b : SEM-picture of the cross-
section of an inorganic loaded polysulfone 
hollow f ibre 

As a result of the ear l ier research work on 
the f i l t r a t i o n of dyes, a jo in t investigation 
was set up with the Belgian Textile Sesearcn 
Inst i tute aimed at checking the feas ib i l i t y of 
sepa-ation of dye solutions using the membrane 
technology. In t o t a l , eleven samples of 
di f ferent classes of dyes being examined. The 
prelininary tests are being evaluated by the 
tex t i l e ins t i tu te . 

The d«velopment of microf i l t ra t ion membranes 
was started on request of a Spanish company. 
The bacteria which are envisaged for removal 
are determined in collaboration with the 
Biology Department. 

5.2.3 Immobilization techniques of bioactive 
species 

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

this device. The major problem is their 
non-concentricity. To form a hollow f ibre 
module (see Fig. 5.2.2 d), the hollow fibres 
as produced by th'. spinneret are cut in equal 
pieces of approximately 25 cm long. A bundle 
of these fibres is mounted into a tube, end-
sealed with an epoxy resin. A f i r s t module 
with a geometric surfare area of 137 enr, 
containing 28 f ib res , was realized and gives 

Manufacturing of membranes by the cold-rol l ing 
technique has been focussed on the fabrication 
of various specimens with controlled structure 
and high quality characteristics in the 
framework of the association agreement with Dr 
L. Willems Inst i tuut (DWI) and the Limburgs 
Universitair Centrum (LUC). After several 
technical quality control tests, samples of 
the various specimens were sent to the associ-

Hollow fiber spinnerets 

Inner coagulation medium 

Tube — 

Orifice 

£ 
Inorganic loaded polysulfone 
casting solution 

Nascent 
hollow fiber 

L A A A A A . uwkAA* 

Coagulation bath — 

£S-
F1g.b.2.2.c : Schematic set-up for hollow-fibre fabrication 
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Fig. 5 .2 .2 .d : Picture of bottt Inorganic loaded Hollow Fibre and I t s assenbied module 

ates f o r b i o l og i ca l q u a l i t y t e s t s . 

The d i f f e r e n t membrane samples have also been 
inves t iga ted in the laboratory on t h e i r 
absorpt ion and desorpt ion p roper t i es . Using 
mainly coloured water i t appears tha t some of 
P I T membranes can absorb as much water as 1.5 
time t h e i r dry weight wh i le the desorpt ion is 
q u a n t i t a t i v e l y r e v e r s i b l e . The absorpt ion 
ra te f o r water i s s u f f i c i e n t l y f a s t to show 
good promises for b i o l o g i c a l a p p l i c a t i o n s . 

The b i o l o g i c a l q u a l i t y test? at DWI and LUC 
were focussed on shor t - t ime medical diagnosis 
checks a f t e r incorporat ion of a su i tab le 
reac t ive species. These very spec i f i c tests 
were d isappoin t ing but other b i o l o g i c a l or 
medical app l i ca t ions f o r these PTFE membranes 
remain open f o r f u r t h e r i n v e s t i g a t i o n . In the 
meantime, the in te res ts of DWI and LUC are 
d i rec ted onto the po ten t ia l use of poly-
sulfone-based membranes as substrates fo r 
medical diagnosis checks. 

In cooperation wi th the Biology Department and 
sponsored by the Flemish Government, the use 
of PTFE membranes in biosensor devices is 
being s tud ied . The b iopar t of t h i s study had 

to be tack led f i r s t . Tnis means tha t the 
e f f o r t in t h i s f i e l d has been focussed on an 
inves t iga t i on of the behaviour of a po ten t ia l 
bacter ia under d i f f e r e n t s t r a i ns o f heavy 
metal p o l l u t i o n . The response time measured 
in small b io log i ca l set-ups revealed the 
necessity of adapting the i n i t i a l concept of 
the biosensor device. The corresponding 
immobi l izat ion techniquf fo r these bacter ia is 
under inves t iga t on. 

b.2.4 Diaphragm, for c h l o r - a l k a l i e l e c t r o l y s i s 

R. Leysen, Ph. Vermeiren, W. Adriansens 

As has been reported previously 1 ) , the 
up-scal ing of the ZK^/PTFE diaphragms from 
400 cm2 up to 5,000 cm2 resu l ted in a r e -
di ,ct ion of both the ion ic conduc t i v i t y and the 
hydrodynamic pe rmnb i l i t y . A major e f f o r t was 
d i rec ted to/ards t h i s problem and f i n a l l y 
"•esulted in a complete recovery of the i n i t i a l 
performance of the small s ized diapnragms. At 
t h i s moment, the best resu l t s can be obtained 
w i th a diaphragm composed of less than 40 w t . 

PTFE and more than 60 wt . ZrO, The 
particle size distribution of both powders is 
illus.rated in Fig. 5.2.4. This diaphragm is 



88 

1001 

% 50 

T—1—I I 1 I | 

1000 
Particle size ( jjm ) 

Fig. 5.2.4 : Particle size distribution of the raw materials for diaphragms 

made as a square of 65 cm x 65 cm with a 
thickness of 1,000 urn. It has a porosity of > 
60 %. 
As 4 cm2 samples of this type of diaphragm 
revealed an excellent performance at SCK/CEN, 
it was decided to perform a long lasting 
experiment at AKZ0 where samples of 80 cm' can 
be tested. For this experiment, the cell was 
operating at 80 °C with a current density of 
200 mA.cnf6. The NaCl feed of 305 g . T 1 was 
maintained at about 200 ml.h"1. As usual, the 
diaphragm was placed against the iron cathode 
and the gap between anode and diaphragm was 
1-2 mm. Al i parameters remained very stable 
during the three-month operation. A 115 g.l"1 

NaOH solution was produced wi„ii a current 
efficiency of 95 %. A very stable cell 
voltage indicates that the diaphragm resist
ance does not increase as a fun-.tion of time. 
A major improvement compared to the previous 
results 2), was the high stability of the 
anolyte level at 5 cm, indicating that the 
electrolyte permeability is constant. 
All diaphragms tested recently exhibit the 
same stability as a function of time. 
However, the homogeneity and the repro
ducibility are to be quoted as items for 
further investigation during the next months. 

References 

1) Mol Research Division Report, BLG 590 
(1986) 

2) Mol Research Division Report, BLG 582 
(1985) 

5.2.5 Hydrogen tungsten bronzes for use jn Ho-
sensors 

Ph.Vermeiren, C. Winckelmans, R. 
Vangrunderbeek (K.U.Leuven) 

Leysen ; J . 

The electrochemical properties of W03 are well 
known from l i te ra ture to lead to applications 
in the f i e l d of "electrochemical displays". 
More recently, a further broadening of the 
application f i e ld has been considered claiming 
the use of HXWÛ3 as a reference electrode in 
Hj-sensors. The W03 electrodes, prepared at 
K.U.Leuven, are formed as a f i lm of about 
5,000 A on a Sn02 substrate. At SCK/CEN, this 
structure Is transformed into HXW03 according 
to the following reaction : 
W03 + xHT + xe HxW03 

Proper connection of such a tungsten electrode 
with an electrolyte and a H2 sensing electrode 
"••suits in a concentration cel l which can 
uK«--rate according to Nernst's law. 
Palladium can be used as the sensing electrode 
whereas hydrogen uranyl phosphate tetrahydrate 
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is known as a suitable solid electrolyte. At 
SCK/CEN, some preliminary results have indi
cated that a polyantitnonic acid is also a 
potential candidate. However, for practical 
reasons, the electrochemical characterization 
of HXWÛ3

 was Performed in HgSO^. The long-
term stability of the HXW(>3 structure in 
contact with the electrolyte is of course the 
major point that matters. 
At this moment, this stability has not yet 
been proven because of the interference of two 
processes influencing the open circuit poten
tial. First, we have to consider a transition 
period wherein the hydrogen diffuses inside 
the bronze, the diffusion coefficient being as 
low as 10' 1 0-10~ n cnrs"1. Therefore a stable 
electrode potential cannot be expected before 
the electrode is uniformly filled with 
hydrogen. Secondly, hydrogen tungsten bronzes 
are known to be very unstable with respect to 
oxidation by oxygen, so that an extreme 
deaeration procedure is necessary 1). It is 
clear now that future experiments must be 
adapted to the above considerations before any 
real thermodynamic equilibrium can be 
expected. 

kefe rences 

1) M.L. Hitchman, J. Electroanal. Chen. 85, 
135-144 (1977) 

5.2.6 Waste characterization 

A. Joosten, P. Geuzens, H. Elslander 

Column and batch leaching tests were performed 
on ash samples taken from the fluidized bed 
low grade coal combustion plant of KS 
Beringen. Samples of the bed ashes and the 
f ly ash from the cyrV ss and the E-filter 
were examined on their leaching behaviour. A 
final report with advice on probable recycling 
possibilities was prepared. 

On behalf of Ovam (the Flemish Public Waste 
Authority) another quite large project on 
recycling possibilities for the bottom and fly 
ashes of the working municipal solid waste 
incinerators has been started. During 4 
sampling periods, 5 different incineration 
plants will be sampled by Ovam. The programme 
Includes physical and chemical characteriz
ation of these ashes. The most important 
physical parameters are : 
- size distribution, specific surface. 
The chemical parameters are : 
- water and ash content, heavy metal content, 

leaching behaviour. 

5.3. SEPARATION TECHNIQUES 

5.3.1 Sludge treatment research 

A. Faseur, L. Kinnaer, J. Van Dooren 

On behalf of the local department of the 
Ministry of Public Works, conditioning of 
sludge dredged from the Ghent-Terneuzen canal 
is being investigated. After completion of an 
experimental programme of chemical analyses 
and physical characterization, a classifi
cation method has been tested as specific 
treatment technique for this sludge, trying to 
split the bulk in a high polluted fraction and 
a relatively low polluted one. 
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The laboratory experiments show that the heavy 
metals are preferentially bound to the 
smallest particles. The splitting in a heavy 
and a low polluted fraction occurs at the best 
near a particle size of about 60 um. Fig. 
5.3.1 a illustrates the partition of Pb over 
the particle size for a specific representa
tive sample. 

On the basis of these laboratory results, a 
technical and economical feasibility study was 
performed to determine the best technique for 
splitting a sludge stream from a dredging 
operation working at flow rates as high as 
1000 m3 h"1. This study indicated that only a 
hydrocyclone allows to do such a job. Hence, 
the experimental programme was focussed on an 
investigation of the performance of hydro-
cyclones for the sludge of the Ghent-Terneuzen 
canal. 

Fig. 5.3.1 b : Chînges in shear stress T (Pa) 
as a function of the time t (sec) at a 
constant shear rate D (s"1) 

Sludge samples taken at different locations in 
the Ghent-Terneuzen canal were treated by 
means of a 2" hydrocyclone. Its dimensions 
such as inlet diameter, vortex finder and 

spigot cap were varied as was also the inlet 
pressure. Due to the fact that this lab-scale 
hydrocyclone was rather small, the maximum 
separation limit obtained for an effective 
splitting in fine and coarse particles was 30 
um. The applied lab-hydrocyclone recirculated 
the sludge from a tank to the hydrocyclone and 
back. Because sludge behaves as a non-
newtonian fluid with a plastic l>ehaviour, the 
sludge viscosity altered during the above-
mentioned recirculation through the hydro
cyclone. Fig. 5.3.1 b shows the changes in 
shear stress T (Pa) as a functiun of the time 
t (s) at a constant shear rate D (s _ 1). This 
viscosity evolution caused a continuous change 
of the effective cut-off diameter of the 
hydrocyclone. 

Aiming at obtaining a separation diameter of 
60 um and minimizing the influence of the 
changes in viscosity, experiments are set up 
with a 5" hydrocyclone, operating in situ, so 
that this sludge is only going in one pass 
through the hydrocyclone. The following 
conditions will be especially examined : 
- the flows of the under- and ove.flow ; 
- the particle size distribution in both 

under- and overflow ; 
- the hoavy metal content in different 

part.cle size fractions of both flows ; 
- the optimal dimensions and operating con
ditions for the hydrocyclone. 

5.j.2 Water research 

A. Faseur, L. Kinnaer, J. Van Dooren 

The water -esearch activities remain concen
trated on SVW (Study Centre for Water 
Research) research activities. In the frame
work of the scientific coordinition task in 
SVW, the SCK/CEN water laboratory supports R&D 
activities of industry. The chemical and 
physical characterization equipment for 
different measurements (turb;dity, conduc
tivity, B00, CGf), filterability, particle size 
analysis) and for flocculation studies, has 
been made 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 project 
"Development and Optimization of a Container 
Treatment System". The aim of this project is 
the development of a small domestic waste 
water purification station, using the chemical 
precipitation operating route. The physico-
chemical process, consisting of floe formation 
and floe separation 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 
'irst lab-scale experiments were used to 
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dimension the flocculator. 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 optimize the flee formation and floe 
separation. In this stage of the research the 
SCK/CEN water laboratory supplied technical 
assistance and scientific support to the 
project. 

In collaboration with other SVW-members, 
SCK/CEN worked out some programmes for 
research for the next financial year. The 
first one concerns an automatic coagulation 
control system for the pr.. .ico-chemical 
treatment of waste waters. This research 
project gets recognition and sponsoring of the 
international organization CEEP (Centre 
Européen d'Etudes de Polyphosphates). A 
second one aims at the stufly of the rhe-
ological properties of drinking water pro
duction and waste water treatment sludces. 

5.3.3 Aerosol trapping 

C. Weyers, W.R.A. Goossens 

The complete Multi Ejector Venturi 100 m^ h"1 

(MEV 100) set-up has been further operated in 
by-pass on the off-gas line from an industrial 
glass coating installation. A long duration 
test lasting three months was carried out 
without major operational problems. Monitor
ing of the inlet and outlet gas confirmed 
excellent performance of the MEV for trapping 
of aerosols as well as of gaseous pollutants. 
The data obtained gave a trapping efficiency 
of 98 to 99 % on aerosol particles and of 
larger than 99.8 % for chemical, compounds 
particularly halogenidss. 

The scale-up of the MEV will be studied in a 
MEV-1000 with a nominal gas throughput of 1000 
m 3.h _ 1. This unit will be studied in the 
off-gas purification line of the Evence-Coppée 
incinerator operated by the nuclear waste 
department. Therefore, the off-gas has to be 
precooled from 700 °C to the KEV working 
temperature of 65 'C. Besides high fly dust 
also hydrochloric acid has to be trapped using 
suitable neutralization of the circulated 
water. The MEV-1000 apparatus has just been 
supplied so that the laboratory commissioning 
tests can start shortly. 

In consultation with the industrial partners, 
a prototype MEV with a nominal gjs throughput 
of 16,000 m3.h"l is being conceived and 
designed. The technical and economical 
feasibility has been assessed. The construc
tion of one ejector-venturl element for this 
industrial prototype has been prepared. A 

composite has been chosen as construction 
material. Hydrodynamic characterization as 
well as performance tests of this one element 
are planned. 

In the meantime, the negotiations for commer
cialization of this environmental superclean 
device led to a firm option taken by a company 
specialized in process equipment. Tne final 
terms for the commercialization are being 
settled between the Flemish Government as 
sponsor, the potential commercial partner and 
SCK/CEN as technical development institute. 

The development and the qualification of 
similar gas cleaning devices require exper
imental expertise with particulates and 
aerusols generation equipment and with high 
quality calibration and measurement tech
niques. For the generation of particles and 
aerosols, the materials available in the 
aerosol laboratory are : 
a. generation of monodisperse aerosols : 

collison generator (up to 20 ml h"M ; 
spraying generator (up to 100 ml h"1) ; 

b. generatior of polydisperse aerosols : 
air-dust generator: for particles in the 
size range from 0.1 to 15 urn at dust 
concentrations smaller than 3 g.m"3 and a 
maximal gas flow rate of 1,000 nr.h"1 . 

For the determination of concentration and 
particle size of dust and aerosols in a gas 
stream use is being made of suitable sampling 
devices up to a temperature of maximum 700°C. 
The laboratory equipment includes : 
a. different probes and gas conditioning 

units for the isokinetic sampling of gas 
streams from ducts or stacks ; 

b. high-efficient particulate filters for 
total dust retention at a working tempera
ture up to 700°C ; 

c. gross characterization techniques : 
- filtration systems for the gross concen

tration of dust and aerosols ; 
- impingers and condensers for gas absorp

tion followed by chemical analyses ; 
d. special instruments for measurement in the 

sampling line of the size distribution of 
the aerosol present according to the 
enumeration given in Table 5.3.4. The 
calibration of these advanced monitors 
occurs with the help of wtll known latex 
particles. 

These qualification techniques are applied to 
supply specific and confidential services to 
industry. During this report period a rather 
large effort has been given in certifying the 
aerosol trapping conditions of a new advanced 
technological device on request of a Belgian 
company. Measurements were performed with a 
wide variety of entrained particles as there 
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Table 5.3.4. Monitors for in-line size distribution of aerosols 

Type 

ASAS-X 
CSAS-100 
APS-33 
Cascade 
impactor 

Method 

spectrometer 
spectrometer 
spectrometer 
inertia! force 

Size 
range 

urn 

0.09 - 3 
0.33 - 20 
0.5 - 15 
0.3 - 15 

Sampling 
temp. 
°C 

25 
< 370 
25 

25-400 

Flow rate 
of sampling 

30-90 cm3 min"1 

15 m3 h"1 

50 cm3 min"1 

0.2-1 m3 h"1 

Type of 
diameter 

optical 
optical 
aerodynami c 
aerodynamic 

are bentonite, fly ash, iron oxide, latex, 
silicagel, graphite and nickel oxide. The 
patented device appeared to behave better than 
the best known commercial cyclone, but far not 
as well as the multi-ejector-venturi. 

5.4 PROCESS TECHNOLOGY 

5.4.1 Qualification of fluidized bed combus
tion for coal waste 

P. Heylen, W.R.A. Goossens 

The experimental investigation in the small 
qualification rig for fluidized bed combustion 
of coal fractions has been further delayed in 
favour of on-line measurements in the off-gas 
of the demonstration 40 MWth Atmospheric 
Fluidized Bed Coal Combustor (AFBC) at KS 
Beringen. 

During start-up and commissioning runs, the 
quality of the flue gas was continuously-
monitored on different locations after the 
fluidized bed boiler and inside the boiler. 
This procedure allowed to identify several air 
leakage problems in various old parts of the 
boiler that were not refurbished during the 
retrofitting construction. 

This orientative experience allowed to set up 
2 well-planned measurement campaign during the 
first long duration runs using a set of 
on-line analytical equipment in order to 
determine the content of 0 2, CO, C02, SO2, 
H2S, NO, N02, C12, H2, CH4, H20 in the flue 
gas at the sampling point. In this way, the 
gas quality has also been monitored inside the 
boiler at different levels, namely : 
- at the 6 m level which is just above the 

fluidized bed ; 
- at the 13 m level which is above the pneu
matic coal injection entrance ; 

- at the 17 m level inside the boiler ; 
- at the 21 m level, the highest point in the 

steam heater ; 
- at the 24 m level, which is in fact local

ized behind the air preheater in the flue 
gas duct. 

The da .a thus collected allowed to get ex
tremely valuable information on the burning 
conditions of the used coal fractions within 
the 40 MWth-AFBC retrofitted to an old oil 
boiler. Although there is still a need for 
experimental confirmation of the present 
conceptual interpretation, it is possible to 
give a few preliminary indications on the 
performance of this AFBC-boiler. 
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Fig. 5.4.1 : Flue gas composition at different 
levels in the 40 MWth AFBC 

From the oxygen profile given in Fig. 5.4.1, 
can be deduced that the combustion inside the 
fluidized bed layer itself is rather partial. 
It seems that only the big coal particles of 
the overbed feeders burn inside the fluidized 
bed consuming only a fraction of the available 
oxygen. The residual oxygen is depleted by 
the combustion of entrained fines 1n the free 
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board. This observation is confirmed by the 
CO and COj profiles. The high CO-to-COg ratio 
in the free board appears to be caused by the 
relatively nigh water content of the coal 
slime might also be the reason for the f^S 
detected in the flue gas. The oxygen concen
tration increase at the exit of the fluidized 
bed combustor indicates an air in-leakage . 

Table 5.4.1 gives the emission data as 
observed for a specific operating condition at 
the 24 m level. These data are to be con
sidered as indicative sinca the representa-
tivity of the sampling -and the chosen oper
ating condition can be questioned. As an 
illustration of the precautions to be taken 
during sampling, attention is thrown on the 
construction material of the sampling line : 
the low SO2 readings are obtained with a new 
sampling line in copper. This interaction 
between SO2 and construction material can be 
avoided by using polypropylene instead of 
copper. Injection of limestone clearly 
reduced the S02 content in such a way that the 
CEC-proposed threshold value for SO^-emission 
can be met. According to the proposed CEC 
normalization procedure , the experimental NO 
readings have been transformed in NO? values 
considering only 6 S oxygen in the flue gas. 
Applying this procedure to the analytical data 
for NO gives the lust line of the table. 

There thus seems a need to decrease the N0X 

content in the flue gas. Our feelings tend ro 
indicate that this need can be satisfied by 

decreasing the excess air of the combustion. 

Further experimental investigation is prepared 
to clarify these preliminary results of the 
flue gas quality. 

5.4.2 Materials tests in an atmospheric 
fluidized bed coal combustor and in a fluid
ized bed coal gasification test rig 

P. Hey1en, G. Wouters 

A contract has been signed with the CEC for 
the investigation and modelling of eros
ive/corrosive materials degradation in atmos
pheric fluidized bed coal combustors and 
gasifiers. The research is being carried out 
in collaboration with the Cranfield Institute 
of Technology, the University of Manchester 
Institute of Technology, the Kempense Steen
koolmijnen and with the Petten Establishment 
of the Joint Research Centres. The combustion 
characteristics of the 40 MW atmospheric 
fluidized bed combustor at Seringen have been 
further analysed by on-line gas analysis as 
reported sub f.4.1. Also the composition and 
characteristics of the fly- and of the bottom 
ashes have been investigated. 
Concerning the fluidized bed coal gasification 
test rig, major components of the ouxiliary 
equipment have been ordered. The test rig will 
be erected on the site of KS at Beringen. A 
concrete bottom plate for the supporting steel 
framework has been found and tlie steel frame 
has been moved from SCK/CEN to KS Beringen. 

Emission data under 

Injection CaC03 

Sampling line 

02 % 

S02 mg Nm"3 

NO mg(N02)Nnf3 

(6% 02l 

a specific condition at 

without 

in Cu 

10-11.3 

921-1732 

766-895 

without 

in PPP 

9.1 

1375 

873 

24m level 

with 

in PPP 

11.5 

377 

CEC proposal 
1985 

6 

400 

650 

Table 5.4,1 : Emission data under a specific condition at 24 m level 
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The safety report has been prepared. 

5.4.3 Process qualification of municipal waste 
incineration 

A. Joosten, P. Geuzens, H. Els lander 

Various process parameters of the municipa' 
solid waste incinerator at Houthalen had to be 
determined experimentally to qualify the 
performance of the installation. The labora
tory analyses and calculations were finished. 
The end report was prepared and discussed with 
the different parties involved. 

On behalf of the Waste Department, inciner
ation tests in a small quartz fluidized bed 
were performed on a mixture of TBP (tri-butyl-
phosphate) with an organic solvent. This 
waste product is a residue resulting from the 
EUROCHEMIC operations on irradiated nuclear 
fuel. The most important parameters which were 
determined are : 
- combustion efficiency as a function of 

temperature ; 
- softening and/or slagging of the bed 
material as a function of temperature and 
phosphor content; 

- captation of the phosphor in the limestone 
bed. 

The results were very promising. The combus
tion efficiencies were quite acceptable for 
incineration temperatures where no softening 
of the bed material occurred. It was further 
clearly demonstrated that only about 1 % of 
the phosphor input was emitted via the flue 
gases. 

5.4.4 Process techniques for waste products 

A. Joosten, P. Geuzens, H. Elslander 

On behalf of OVAM (The Flemish Public Waste 
Authority) a study was performed on the 
characteristics of separation installations 
for broken municipal solid waste. Therefore 
sieve analyses were made on about 35 samples 
of municipal solid waste. The results were 
presented as a Rosin-Rammler plot and a 
characteristic diameter. Every sieve fraction 
was analysed on dry matter and ash content and 
on its calorific value. The results of this 
study show that the mechanical separation of 
broken municipal solid waste 1s of little 
significance. Mechanical separation of 
unbroken raw municipal refuse is much more 
successful. The separation of the raw waste 
in a rotary drum sieve at Intercompost Bilzen 
gives a high calorific overflow which could be 
used as ROF (Refuse Derived Fuel) 1n a munici
pal solid waste incinerator. 

Process evaluation and advizing on odour 

abatement techniques in a municipal solid 
waste composting plant were performed for a 
specific case on request of OVAM. It concerns 
a composting plant where odour problems to the 
neighbourhood seem to occur quite often.During 
a short period the plant was even closed by 
the local authorities. In first instance three 
important items were designated : 
- study of the actual composting process in 

relation to odour generation and emission; 
- identification and quantification of the 

smelling components; 
- installation of a meteo station in order to 

support the processing and aiming to acquire 
meteorological data for immission modelling. 

For the identification and quantification of 
the organic components in the composting air 
the assistance of RUG ( Agricultural Faculty, 
Prof. Schamp) was asked. The study of the 
actual composting process w?s performed by 
SCK/CEN. Therefore, various process par
ameters were experimentally determined at the 
plant. The following parameters of this 
installation have been measured for every 
stage of the composting process : 
- temperature; 
- oxygen-to-C02 rat io in the i n t e r s t i t i a l 

composting a i r ; 
- pH; 
- TOC (total organic carbon) of the inter
stitial air; 

- composition of the waste/compost itself (ash 
and water content, C/N ratio, percent 
digestable matter, etc.). 

The data collected during several days of 
experimental measurements at the plant showed 
a real potential for diminishing odour 
problems by adaptations of the composting 
process. A provisional report was prepared. 
At the moment a large-scale test for forced 
aeration of the composting pile is being 
executed. The data collected from this 
experiment will allow to formulate an argued 
advice on the requested process adaptations 
and technological investments for odour 
abatement. 

5.4.5 Electrochemical reactor technology 

R. Craps, C. Van der Poorten 

Dispersion electrolyte 

In the framework of a contract with the 
Flemish Government, 1t wa.s shown that elertro-
chemical etching with a dispersion electiode 
is a promising technique. 
Compared to the conventional etching methods, 
dispersion electrolyte etching shows following 
advantages : 
- better etching characteristics; 
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- a d i rec t reco»ery c f the etched meta l ; 
- a f r i end ly method fo r user and environment. 
A f i r s t evaluat ion of the i ndus t r i a l i n te res t 
is going on. Depending on these r e s u l t s , the 
fur ther working programme w i l l be def ined. 

Rotating Cylinder Electrode Reactor 

According to the terms o f a contract w i th the 
Flemish Government, the Rotating Cyl inder 
Elect r jde Reactor (RCER) has been f i l e d f o r 
the study of two po ten t ia l appl icat ions : 
- the production of a very pure metal ; 
- the se lec t i ve winning of a metal out of a 

spent process s o l u t i o n . 
The f i r s t experiments confirmed the poten
t i a l i t y of both app l i ca t ions . A parametri cal 
experimental study is going on. 

Impedance measurements 

New equipment has been acquired to perform 
impedance measurements. As i l l u s t r a t e d i n 
F ig . 5 .4 .5 , an in tegrated set-up o f the 
fo l lowing devices is now ava i lab le : 
L a Frequence Response Analyser 

Solartron 1254 
- an Electrochemical In ter face 

Solartron 1286 
- a computer Commodore PC 10 w i th per ipheral 

components. 

These A l te rna t ing Current (AC)-impedance 
measuring techniques can be used f o r the study 
of a l o t o f electrochemical systems, e .g . 
semiconductors, sens j rs , b a t t e r i e s , e l e c t r o 
p l a t i ng , c e l l s , e lect ro-organic synthes is . 
Although these AC-impedance measurements can 
n f ^ p r } v ^ r i p t v o f i nfnr"M+" ' ' , n . * * 'T1'J^+' hp 

kept in mind that electrochemical AC-impedance 
measurements are inherently non-trivial 
experiments and that a lot of experience in 
signal analysis are necessary for a right 
interpretation of the obtained data. It 
allows to examine the dynamical behaviour of 
electrochemical systems with respect to their 
equivalent electrical circuits. The object of 
an Af-impedance experiment may be to determine 
the various elements in the equivalent circuit 
or simply to confirm that a given electro
chemical system fits Ù particular equivalent 
circuit model. This is experimentally done by 
studying the response of an electrochemical 
system to an AC-excitation (AC-voltage or 
AC-current) over a wide range of frequencies 
(0 to 65,000 Hz). Evaluation of the AC-
impedance data can be made by a Nyquist or a 
Bode plot. 

The first application of this AC-measurement 
technique will be the study of electrochemical 
sensors under development by the various 
departments of the institute. 

5.4.6 Upstream fuel cell technology 

P. Geuzens, L. Kinnaer 

On behalf of Elenco, a fully integrated 
C^-aborber for proper conditioning of the 
inlet combustion ai" of the Elenco fuel cell 
is being developed. This project is financed 
by the European Commission as part of the 
non-nuclear energy R & D programme. The first 
progress report was prepared and transmitted 
to the European Commission. In this report 
the theoty of chemically enhanced absorption 

Fig. 5.4.5 : Set-up of devices for impedance me^ui'.niients 
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is discussed. This theory is applicable to 
the absorption of COj potassium hydroxide 
through a porous membrane in the Elenco fuel 
cel l . 
An experimental set-up for measuring the 
COo-absorption through various types of 
hydrophobe teflon membranes was erected as 
well. 

5.4.7 Ceramic and metallic materials fo- high 
temperature heat exchangers 

G. Wouters; W. Oebruyn (Metallurgy Dept); P. 
Diels and J. Sleurs (Ceramics Dept) 

The second set of metallic, ceramic and coated 
metallic specimens has been exposed during 673 
hours to the off-gases of an industrial 
aluminium remelting furnace. Some metallic 
specimen have been exposed for a total time of 
1176 hours. Maximum temperatures of the 
specimens ranged from 500 to 700 °C for cooled 
specimens and from 700 to 1,050 "C for un-
cooled specimens. The composition of the o'f-
gases has been followed by on-liiie gas 
analysis during some of - -; melting cycles. 
The ceramic and metallic specimens have been 
examined by ceramography and microprobe 
analysis. Salt deposits on the surfaces have 
also been analysed by chemical analysis. 
As a result of this preliminary work on high-
temperature dorrosion of ceramic materials, 
three research contracts have been signed with 
the CEC. A f i rst project concerns the examin
ation of high-tempersture corrosion phenomena 
of engineering ceramics in the frame of the 
CEC stimulation action programme. A second 
project concerns the relation between struc
ture and high-temperature strength of 
ceramics, a research grant also sponsored in 
the frame of the CEC stimulation action. And 
a third project has been set-up with two 
Belgian and one French partner for the devel
opment and demonstration of a selfrecuperative 
ctramic burner for use in aggressive environ
ments. 

5.5 PROCESS ENGINEERING 

5.5.1 Energy recovery from municipal solid 
waste 

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

The valorization of the combustible fraction 
of municipal solid waste (Refuse Derived Fuel 
- RDF) for process heat production has been 
further assessed. 
The evaluation mainly covers the application 
of RDF-fluff in a specific burner/boiler unit 
of 15 MWth, to be integrated in an industrial 
plant for process heat production in the frame 
of a demonstration project. 

The main activities were the following : 
- Comparative tectmico-economical study of 

municipal waste separation techniques 
respectively with air classification and 
drum screening. The result of this study 
was that air classification is not competi
tive with drum screenings for the primary 
separation. 

- Further negotiations with candidate partners 
for set-up of a demonstration project in 
cooperation with OVAM (Flemish Public Waste 
Authority), two private companies respect
ively fcr construction and exploitation of 
the installation, an industria1 consumer of 
process heat in Limburg, and SCK/CEN for 
scientific support and project leading. 

- Supporting technical and economical feasi
bi l i ty studies for the demonstration 
project. 

- Submission of a project proposal for the 
energy demonstration projects programme 1986 
of the Commission of the European Community. 
The proposal has been approved by the CEC. 

5.5.2 Process evaluation of the off-gas line 
for the Hawai-waste incinerator 

G. Van Houte 

The characteristics of the gases leaving the 
projected Hawai slagging incinerator have been 
calculated. The maximal design gas flow rate 
from the incinerator is 6,000 Nm3 h"1 at an 
exit temperature of 1265 °C. This value has 
been used for the dimensioning of the gas 
purification line, although the nominal gas 
flow rate is 15 % lower than the maximal one. 
The gas handling line has been fixed in 
details : the gas°s are cooled by addition of 
air, pass through a heat exchanger and are 
further cooled down to 200 °C in a water 
evaporative cooler. At 200 °C the gases are 
filtered in a filter bag housing and then 
through absolute filters. Thereafter, the 
gases will De chemically washed in a scrubbing 
unit made up of three parts : a quence cooler, 
a washing tower and a demi ster. The yield of 
the neutralization required at the outlet of 
the scrubber w'11 be adjusted to the new 
German laws for gas emissions, namely max. 50 
mg HC1 and 200 mg S02 by Nm

3 gas. After the 
demi ster the gases will be heated up to 
minimum 110 °C by adding of warm air coming 
from the heat recovery unit. 
The technical specification data for each 
apparatus of this gas purification line are 
collected in official quotation queries which 
are being sent to potential manufacturers. 
The answers received will be used to complete 
the assessment of the technical and economical 
feasibility of the gas handling line under 
consideration. Likewise, the order books will 
be finalized. 
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5.5.3 Safety assessment of industrial instal
lations 

G. Mouters, P. De Boeck (Technical Services) 

The safety report of a chlorine unloading and 
storage facility prepared on behalf of a 
titanium-dioxide producer has been disrussed 
with the company representatives. The report 
is now prepared for further discussions with 
the Public Authorities responsible for 
granting the exploitation licensing. 

A second safety assessment report is in 
preparation on behalf of a corn and wheat 
processing company, producing starch, 
dextrose, glucose and other associated 
products. The safety report will mainly be 
focussed on dust explosion and fire risks 
associated with the processing of fine ex-
plosible powders. 

5.5.4 Odour control in an asphalt paper 
manufacturing company 

G. Wouters; R. De Fré (Analytical Chemistry) 

The sources of bituminous vapours in an 
asphalt production line have been determined 
and the efficiency of the installed venti
lation system for collecting odourous vapovrs 
has been evaluated. Also the olfactometry 
efficiency of the installated dust and gas 
cleaning installation has been evaluated. 
Recommendations have been proposed for improv
ing the ventilation system in order to elim
inate fugitive emissions and the installation 
of a specific odour elimination system has 
been proposed. 

5.5.5 Services to industry 

R. Deknock, P. Heylen, R. Leysen, W.R.A. 
Goossens; M. Klein (Nuclear Chemistry) 

Various services have been rendered to dif
ferent industries. The affiliated company 
Hydrogen Systems has been technically assisted 
for its /«ter electrolyser system. This 
assistance consisted of concept, design, 
instrumentation, part specifications, cali
bration, start-up activities and trouble
shooting. 

The services to the affiliated company Elenco 
were related to bibliographic studies and 
conceptual research specification for gas-
liquid separators in regenerative fuel cell 
systt.ns for space application. 

A specific technological assessment has been 
performed on the working hoods in a filling 
production line of dry batteries using zinc-

mercury mixtures. Advice has ..lus betn given 
on the geometrical and hydrodynamical charac
teristics of these hoods in order to minimize 
their operation costs. 

Fo- a convany extruding an organic compound 
experimental qualification tests v.'ere per
formed on the fire behaviour of this organic 
compound. 
Standard qualification tests on the iodine 
retention of different active carbon samples 
were done on request of an inspection company 
for nuclear power stations. 

5.6 PUBLICATIONS, REPORTS, LECTURES 

5.6.1 Publications 

- "Aanmoedigingsmaatregelen ter bevordering 
van het rat ioned energiegebruik in ni jver
heids-, handels- en landbouwondernemingen", 
G. Wouters. Ener ie, July/August (1986) 

- "Absolute ve i l i .he id is een wensdroom", 
W.R.A. Goossens. Industriemagazine, October, 
p. 134-138 (1986) 

- "Oxygen Evolution on La0>8Sr0 2N10.2Co0.8°3 
Electrocatalysts in Alka'line "Medium", 'Ph. 
Vermeiren, R. Leysen, H.W. King, G.G. Murphy 
and H. Vandenborre (Belgium and Canada) 
Proceedings of the 6th World Hydrogen Energy 
Confprence. Vienna, Austria, July 20-24, 
Vol. 1, p. 431-438 (1986) 

5.6.2 Lectures 

- "Synthesis and characterization of inorganic 
loaded polysu'fone u l t r a f i l t r a t i o n mem
branes", W. Dc,,e. , R. Proost and Rr Leysen. 
Poster presentation at the 29th Micro-
symposium on macromolecules, "Synthetic 
polymeric membranes". Prague, July 7-10 
(1986) 

- "The use of heterogeneous membranes in 
electrochemical systems", R. Leysen, W. 
Doyen, R. Proost, Ph. Vermeiren, W. Adrian-
sens and R. Deknock, 29th Microsymposium on 
macromolecules, "Synthetic polymeric mem
branes". Prague, July 7-10 (1986) 

- "Evaluation of a polytetrafluoroethylene 
based diaphragm for the chlor-alkali 
e lectrolysis", Ph. Vermeiren, W. Adriansens 
and R. Leysen. 37ch Meeting of the 
International Society of Electrochemistry. 
Vi lnius, USSR, Auoust 24-31 (1986) 

- "The preparation and characterization of 
Zr02 loaded polysulfone u l t ra f i l t r a t ion 
membranes", W. Doyen, R. Proost and R. 
Leysen. Poster presentation at the 5th 
International Symposium on Synthetic mem
branes in Science and Industry. TliDingen, 
September 2-5 (1986) 

- "Cleaning the ofi'gas of a v i t r i f i e r for 
radiotoxic l iquid waste", W.R.A. Goossens, 
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M. Klein, C. Weyers. Poster presentation at 
the Symposium on gas cleaning at high 
temperature. Guilford, September 16-18 
(1986) 
- "Roterende cilinder elektrode reactor als 

nieuwe elektrochemische reactor", ?\. Craps. 
"Overzicht van evolutie in Ni-elektrodes". 
G. Spaepen and C. Van der Poorten. Elektro-
chemiedag. Arnhem, Nederland, October 15 
(1986) 

- Technische maatregelen tegen zure regen, 
W.R.A. Goossens. Milieutechnologie Werk
college lic. menselijke ecologie. VUB 
Brussel. November 22 '1986) 

- Anorganische energiegrondstoffen, W.R.A. 
Goossens. Lessen energiebeheerder. UIA, 
Antwerpen. November 24 (1986) 

- "Composiet ultrafiltratiemembranen op basis 
van polysulfone en anorganische vulstoffe» , 
W. Doyen. P-Dag Genk. 5 December (1986) 

5.6.3 Patents » Reports 

- "Werkwijze ter vervaardiging van een mem
braan voor micro- ultra- of hyperfiltratie 
en aldus vervaardigd membraan", W. Doyen, R. 
Proost, R. Leysen. 
Belgisch Patent nr. 904.553 (1986) 

- Europres Patent nr. 86201517. "Werkwijze 
voo- het vervaardigen van een katalytische 
laag voer een brandstofcelelel'trode en een 
dergelijke katalytische laa.,". A.P.O. 
Blanchart and C. Van der Poorten. 

- Research Programme - SVW - CEEP : 
"Physico-chemical treatment of waste water 
by automatic coagulation control". A. Fas.*ur 
ano L. Kinnaer 

- Veiligheidsrapport PCB-UV-Piloot, A. Faseur 
and L. Kinnaer 

- Intermediair Rapport (AF/mv/441/T) "Ex
perimentele sensitiviteitsanalyse-
hydrocyclonage van baggerslib". L. Kinnaer, 
A. Faseur 
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6.2. SHORT-TERM AND 
IONIZING RADIATION 

LONG-TERM EFFECTS OF 

6 .2 .1 . 8io1ogy and radiobioloqy of giant plant 
cells : Acetabularia, Batophora and 
Boergesenia 

S. Bonot.o, L. de Saint-Georges, E. Dujardin 
(Liège), C. Sironval (Liège), F. Cinel l i 
(Pisa), A. Santull i (Trapani) 

Giant plant cel ls are useful for research in 
the f i e l d of biology, radiobiology and 
cel lular toxicology. Acetabularia, Batophora 
and Boerqesenia are ut i l ized in our laboratory 
for various purposes. I t was found that X-rays 
induce morphological anomalies in Acetabularia 
and Batophora, these two algae being, however, 
part icularly radioresistant. By contrast, 
Boergesenia cel ls are more sensitive to 
X-rays. The effects of X-rays on 
photosynthesis were studied in Acetabularia 

acetabulum : preliminary results show that a 
signif icant reduction of the photosynthetic 
capacity of the cel ls is provoked only by 
radiation doses higher than 100 Gy (short-term 
ef fect ) . I t would be of interest to know 
whether X-rays affect the phosphorylation of 
chloroplast proteins. 

The existence in nature of "red" Acetabularia, 
containing "red" chloroplasts (instead of 
green ones) has permitted to study the pigment 
composition of these organelles. "Red" 
chloroplasts would be useful for investigating 
biosynthesis of carotenoids and their probable 
photoprotective role. 

6.2.2. Unicellular and pe r i ce l l u l a r algae 
having a commercial interest 

S. Bonotto, D. van der Ben (Bruxelles), A. 
Santulli (Trapani), F. Cinel l i (Pisa) 

Fig. 6.2.3. : Impressive late effects of X-1rrad1ation have developed 1n a rat brain 14 months 
after exposure to a dose of 40 Gy. The lesions are specif ical ly localized in certain areas "at 
r isk" clearly noticeable below the dashed l ine ; the white matter (WM) and the hippocampus (H) 
are part icularly altered whereas the cerebral cortex (CRB, above the l ine) remains v i r tua l ly 
intact. Various types of lesions (circles) can be recognized : radionecrosis (n) , telangiectasis 
( t ) , demyelination (m), hemorrhage (h) and infarct ( i ) . Very obvious too is the considerable 
enlargement of the blood vessel size in the damaged zones. The reasons for the specific 
localization of the late effects is s t i l l a matter of speculation, as well as the cel lular origin 
of the degenerative changes. Optical microscopy ; scale represents 0.25 mm. 
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A*ter having done a review study on the 
po ten t i a l commercial i n t res t o f u n i c e l l u l a r 
and p e r i c e l l u l a r a lgae, contacts were taken 
w i th research i n s t i t u t e s in I t a l y and in 
I s r a e l , which are conducting both fundamental 
and appl ied research proyrammes, necessary to 
develop a su i t ab le technology f o r the 
e x p l o i t a t i o n of a lgal cu l t u res . 

6 .2 .3 . Regeneration of the adu l t r a t b ra in 
a f t e r X - i r r a d i a t i o n 

H. Reyners, E. G i a n f e l i c i de Reyners, L. 
Regniers, J.R. Maisin 

Supported by EULEP 

In the previous repo r t , X - i r r a d i a t i o n was 
shown to induce a peak of regenerat ion 
(measured by increased t r i t i a t e d thymidine 
incorporat ion) i n ce r t a i n populat ions of 
p r i m i t i v e g l i a l c e l l s of the white mat te r , 
three weeks a f t e r an exposure of the r a t b ra in 
to a dose of 20 Gy. Less intense c e l l 
p r o l i f e r a t i o n was observed in the grey matter 
and was l im i t ed there to m ic rog l i a l elements. 

New research perspectives arose from these 
observat ions. 
a) Spl i t -dose i r r a d i a t i o n s were performed 
using a second exposure de l ivered 3 weeks 
a f t e r a f i r s t pr iming i r r a d i a t i o n . The aim of 
such experiments was to r e i r r a d i a t e the r a t 
brains dur ing the peak of c e l l u l a r recovery 
and consequently provoke an a m p l i f i c a t i o n o f 
the damage caused by the reproduct ive c e l l 
death mechanisms. I t was speculated tha t i f a 
cause-ef fect r e l a t i onsh ip ex is ts between these 
mechanisms and the o r i g i n of the so-ca l led 
l a te e f fec ts of i r r a d i a t i o n , a s i g n i f i c a n t 
shortening o f the l a ten t per iod preceding the 
onset of such lesions should be measured. 

b) T r i t i a t e d thymidine incorporat ions were 
also performed 3 weeks a f t e r a s ing le 
i r r a d i a t i o n (20 Gy X-rays) in order to cast 
l i g h t on the respect ive d i f f e r e n t i a t i o n 
pathways of the p r i m i t i v e g l i a l and m i c r o g l i a l 
c e l l s ac t i ve l y p r o l i f e r a t i n g a t t ha t t ime. 
Autoradiographic processing of such mater ia l 
w i l l reveal i f these ce l l s are able to 
re fu rn i sh the depleted stock of g l i a l c e l l s of 
the ra t b r a i n , p a r t i c u l a r l y the beta ast rocyte 
populat ion which has been completely 
eradicated by the X-ray treatment used (Figure 
6 . 2 . 3 . ) . 

6 .2 .4 . Late e f f ec t s of very low dose 
i r r a d i a t i o n (neutrons or X-rays) to the r a t 
embryo 

H. Reyners, E. G ian fe l i c i de Reyners, F. 
Poortmans, L. Regniers, J . Vankerkom, J.R. 
Ma is in , H. L isk ien (BCMN, Geel) , R. Widera 

(BCMN, Geel ) , A. Paulsen (BCMN, Geel) 

Euratom Contract 3I0-16-0O71-B 

Research on the e f fec ts of low doses of 
r ad ia t i on giv<;n to the r a t b ra in dur ing the 
period o f organogenesis of the cerebra l cortex 
(about 15 days post-conception) was continued 
in t roducing new improvements : a) exclusive 
use of ra ts born in l i t t e r s j f equal s ize (8 
to 10 pups) and a r i s i n g from selected dams and 
s i res ( f o r age and weight) ; b) computerized 
p lan imetr ie measurements o f the cingulum area 
of the r i g h t cerebral hemisphere ; c ) use o f a 
spec ia l l y designed l i t h i u m target for the 
production o f 600 keV neutrons. 

The more standardized condi t ions presented 
above (po in ts a and b) enabled us to detect a 
s i g n i f i c a n t atrophy o f the cingulum bundle in 
the 3 month old female r a t t reated in utero 
w i t h as l i t t l e as 10 cGy X-rays. Moreover, 75% 
of the animals i r r ad ia ted wi th 5 cGy only also 
displayed cingulum volumes lower than cont ro l 
values. Such resu l ts prompted us recen t l y to 
perform i r rad ia t i ons with as l i t t l e as 1 cGy 
600 KeV neutrons, using the l i t h i um ta rge t h i t 
by the proton beam of the Van de Graaf 
generator a t 8CMM. 

6 .2 .5 . Radiation-induced leukemia and re la ted 
viruses and oncogenes 

M, Janowski, B. Borremans, R. Hooghe 

Euratom Contract BI0-16-0O90-B 
F.R.S.M. Contract 3.4549.84 

As described in the previous r e p o r t , a novel 
nonvira l messenger RNA was discovered in 
rad ia t i on leukemia v i rus- induced thymic 
lymphomas o f the r a t . I n t e r e s t i n g l y , i t was 
associated w i th the large major i ty (90%) of 
the invest iga ted tumors. I ts i d e n t i f i c a t i o n 
requires molecular c lon ing of i t s sequences in 
the form of i n v i t r o synthesized complementary 
DNA. Due to the lack of experience in t h i s 
k ind o f manipu la t ion , many d i f f i c u l t i e s were 
encountered in performing th is s tep. They were 
overcome by a two-week technical s tay a t the 
INSERM un i t 117 in Bordeaux (France). The 
acquired knowledge involved the addi t ion of a 
po ly l inker (EcoRI, H i n d l l l and BamHI) instead 
of a s ing le l i nker (EcoRI) in order to ensure 
successful l i g a t i o n to the genomic arms of an 
adequate bacteriophage, AgtlO. Many 
recombinant bacteriophages were obtained and 
shown by molecular hybr id iza t ion to conta in 
very probably a correct i n s e r t , the use of 
which w i l l a l low the charac ter iza t ion of the 
lymphoma-re la ted (onco)gene and of i t s 
pt iducts . 
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Another new finding was that, under well-
defined experimental conditions, thymic 
ymphomas can develop in irradiated mice from 
one single non-irradiated cell, apparently by 
virtue of site-specific integration of a newly 
appeared retroviral DNA genome. Since the 
neighbouring cellular DNA sequences may be 
presumed to exert oncogenic functions in the 
general process of radiation-induced 
leukemogenesis, their nature should be 
determined. Their molecular cloning is a 
prerequisite in order to allow any further 
investigation. However, an adequate molecular 
tool (the ecotropic-specific sequences of the 
endogenous ecotropic provirus of the C57BL/Ka 
mouse) must be constructed for tracking the 
sequences to be cloned. Therefore the 
endogenous provira 1 sequences of the C57BL/Ka 
mouse were excised with the restriction enzyme 
PstI, and ligated in the corresponding site of 
the bacterial plasmid oBR322. Recombinant 
plasmids were selected by their property of 
allowing recipient bacteria to grow as 
ampicillin-sensitive, tetracycline resistant 
colonies. The latter were selected and are 
presently submitted to further analysis 
(screening by molecular hybridization). 

6.2.6. Radiation-induced osteosarcomas and 
related viruses and oncogenes 

B. Borremans, M. Janowski 

Euratom Contract BIO-16-0090-8 

22 Ra-induced osteosarcomas of Balb/c mice 
were transplanted in order to obtain tumor 
materials in sufficient amounts to allow 
investigation by molecular biology techniques. 
Some of the transplanted osteosarcomas were 
shown to contain novel proviral sequences. 
Since the cellular DNA sequences which flank 
the integration sites may be supposed to play 
a role in the carcinogenic process, they were 
excised from one tumor DNA with the 
restriction enzyme EcoRI, yielding an 18 
kilobase-pair (kb) fragment which could be 
tracked with an ecotropic-specific retroviral 
probe derived from the Balb/c mouse genome. 
The cloning vector used was the bacteriophage 
EMBL4 genome, with a cloning capacity of 9 to 
23 kb. It contains a multiple cloning region 
which allows the replacement of a non 
essential region (stuffer region) by foreign 
DNA between the genomic arms (Fig. 6.2.6.). 
When digesting the vector with two restriction 
enzymes, Sail and EcoRI, religation of the 
stuffer region is reduced. Another, advantage 
of using EMBL4 is that a direct selection for 
recombinants is possible. Until now, we 
obtained six recombinants which, according to 
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the results of molecular hybridization with 
the ecotropic- specific Npl5E retroviral 
probe, probably contain the insert of 
interest. When excised and purified, the 
portion which is representative of the 
provirus flanking sequences will be used as a 
probe to check for possible common provirus 
integration sites in other tumors, and hence 
for their possible role in 
os teosarcomagenes i s. 

6.2.7. Study of th- behaviour of stem cells 
during the first year of life after postnatal 
irradiation 

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

Euratom Contract BI0-16-0O71-B 

In order to test the ability of the irradiated 
haemopoietic system of neonate or adult mice 
to adapt to an increased demand, mice were 
kept for 3 days under reduced pressure (350 
mbar) at the 14th, 30th and 90th day after 
X-ray exposure, and the response of 
reticulocytes was followed. 

Irradiated Balb/c mice were compared to 
control mice for both a single (3.1 Gy) and a 
fractionated dose (1.1 Gy + 2 Gy one week 
later). The reticulocyte level of the control 
mice, for the newborn as well as for the adult 

mice, was well stimulated by a 3 day low 
pressure sojourn (370 mbar) (see Fig. 6.2.7.). 
The stimulation due to such anoxia is reduced 
30 days after a single X-ray exposure of 
newborn mice and leads to approximately 
control values after 3 months whereas high 
response levels with no subsequent fall to 
control values within 3 months were found 
after the fractionated exposure. It thus 
appears that neonate mice exposed to 
fractionated irradiation maintain an abnormal 
stem cell response for a longer period of time 
than those exposed to a single dose. 

6.2.8. Polysaccharides induce radioprotection 
of murine haematopoietic stem cells and 
increase the 50$ Lethal Dose after 30 days 
(LD50/30) 

J.R. Maisin, S. Topalova (visiting scientist, 
Bulgaria), A. Kondi-Tamba (C.R.E.N., 
Kinshasa), G. Mattelin 

We have tested the potential protective action 
against. 30-day mortality and bone marrow 
lesions following whole-body exposure of mice 
to ionizing radiation of 3 particulate 
polysaccharides extracted from the yeast 
Saccharomyces cerviciae and of one soluble 
polysaccharide extracted from the yeast 
Rhodotorula rubra. To test the potential 
radioprotective action, BALB/c male mice were 

6.2.7. 

1) Cylindric perspex cage (airtight) 
2) Rotary vacuum pomp 
3) Manometer operating the (4) valve 
4) Electromagnetic valve for air admission 

into the cage 
5) Manometer sensor 
6) Animal water supply 
7) Animal food supply 
8) Metering valve for the pump flow control 
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injected with a dose of 60 mg/kg, 15 min, 30 
miii, 1 h , 3 h, 18 h and 24 h before or after 
i rradiat ion. The dose reduction factor (DRF) 
for the LD5O/30 days for MNZ, NNR, GLP/B04 and 
GLP/B05 given intravenously 15 min before 
exposure were 2.16, 1.93, 1.80 and 1.94 
respectively. This DRF is of the same order as 
the one obtained with the best radioprotective 
compound known presently : WR2721. The 
protection of the CFU-s by the polysaccharides 
was assayed by the technique of T i l l and 
McCulloch. The Do for CFU-s were 1.025 and 
0.675 Gy for MNZ and nontreated mice 
resoectively. This corresponds to a DRF of 
1.51. The DRF calculated from the slope was 
1.98. MNZ also gives a marked protection witn 
respect to the number of CFU-GM. At a l l time 
intervals ( 1 , 3 and 9 days after i r radat ion), 
the values in MNZ treated groups are 
signif icantly dif ferent from that of control 
groups (P < 0.0O1), The best protective effect 
was obtained on day 3 after exposure. The Do's 
in the irradiated mice were respectively 0.75, 
1.25 and 1.68 Gy after 3, 6 and 9 days for the 
X-irrar,ia*ed mice and 2.25, 2.95 and 4.2 Gy 
for the protected mice corresponding to a DRF 
of 32.34 and 3.314 respectively (Fig. 6.2.8.) . 

6.2.9. The effects of age on l iver tumor 
induction by radiation 

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

The study on the possible combined effects of 
the i n i t i a to r diethylnitrosamine (DEN) 
associated with X-ray irradiat ion on cancer 
induction in infant mouse l iver was continued. 
These results shov that the C57BL/Cnb strain 
used in this study is very susceptible to the 
induction of l i ver cancers by DEN. Nine, seven 
and seven mice among the 10 mice k i l led 78 
weeks after injection of 1.25, 0.625 and 
0.31 ug/g of DEN respectively presented 
nodules and cancers of the l iver . In addit ion, 
a l l mice treated with 5 ug/g body weight of 
DEN, which died spontaneously or were k i l led 
ser ia l ly after exposure, showed nodules and 
cancers of the l iver . The four remaining mice 
k i l led at 78 weeks had extensive l iver 
cancers. 

Combined treatment of 0.31 or 5 ug/g DEN with 
0.95 or 2.85 Gy given 7 days before or after 
administration of the drug showed that X-rays 
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Fig. 6.2.8. : Death of mice 3 to 5 days after X-irradiation with one protector or a mixture of 
chemical protectors and in some cases with bone marrow transplantation (100% death is set equal 
to the total number of mice dying before the th i r t i e th day). 
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were more effective in increasing the number 
of hepatic nodules when given before 
administration of DEN. This was particularly 
evident for the lowest DEN dose. When the 
X-ray dose was given after ihe administration 
of 0.31 ug/g OEN, the effect was less than 
expected from the sum of the action cf the 
interacting agents. The number of transformed 
hepatic nodules was lower in the grouo of mice 
receiving a combined treatment than after a 
treatment with DEN alone. This may be due to 
the fact that the two groups of mice were not 
killed at the same times after the treatment. 
The experiments are still in progress. 

6.3. GENETIC EFFECTS OF IONIZING RADIATION 

6.3.1. Evaluation of the frequencies of 
chromosomal aberrations induced in human blood 
lymphocytes by low doses of X-rays 

D.C. Lloyd (U.K.), A.A. Edwards (U.K.), A. 
Léonard, Gh. Deknudt, G. Obe (Germa.iv), F. 
Palitti (Italy), J. Tawn (U.K.) 

Euratom Contract BI0-D-378-B 

During the first year of the project blood was 
taken from 4 donors and irradiated with 0, 3, 
6, 10, 20, 30, 50 and 300 mGy of 250 kV 
X-rays. Peripheral lymphocytes were cultured 
for 2 days by an agreed method. Representative 
slides for each donor ani dose were checked by 
fluorescence plus Geimsa to ensure that there 
was an acceptably low level (< 5Ï) of second 
division metaphases. The slides were coded and 
replicates sent tc each laboratory for 
chromosome analysis. Each of the six 
participating laboratories aimed to score 500 
cells per donor per dose, recording the 
incidence of unstable chromosome type 
aberrations (dicentrics, centric rings and 
excess acentric deletions) and chromatid 
aberrations (gaps, isogaps, breaks and 
exchanges). During the second year the 
microscope analysis was completed and the 
results decoded, collated and discussed by the 
participants. 

Although the slides sent to the participants 
wore absolute replicates there were 

nter-laboratory differences in the scoring 
results. This was not unexpected and has been 
a consistent feature of similar collaborative 
cytogenetic exercises. However the variability 
was not excessive so that it was possible to 
pool the results. The pooled incidence of 
chromatid aberrations showed no obvious 
relationship to dose and this was not 
surprising as the cells had been irradiated in 
Go. For chromosome aberrations there was a 
difference between the results for the 4 
donors. In particular all laboratories found 

one donor to have a higher sensitivity for the 
induction of dicentrics and rings, but not for 
excess acentrics. The background incidence of 
aberration in this donor was normal. 

These results may be contrasted with data for 
a similar experiment published by Pohl-Rüling 
et al. (Mutation Research 110, 71, 1983) where 
a significant reduction below the control 
value was reported for all types of 
aberrations in blood exposed to 4 mGy. This 
was construed as evidence for hormesis. That 
work also showed the existence of a low dose 
plateau in response over the range 10-50 mGy 
and was interpreted as showing that effective 
cellular repair of lesions produced a low 
dose response that departs fron the 
customarily assumed lineûiity. 

The present results show a significant 
increase in the aberration yields at doses of 
20 mGy and above. Whether a lower dose plateau 
exists is debatable in view of the statistical 
uncertainties on the data. If it exists it 
appears to extend only up to the 10 mGy point. 
The parameters obtained from linear fits to 
the data up to 50 mGy and quadratic fits up to 
300 mGy are shown in Table 6.3.1. 

The linear fits are very good. The quadratic 
fits are also good but there are large errors 
on the beta terms. This is because only 300 
mGy points contribute to beta and probably 
only about 30Ï of the damage at this dose is 
due to 2-track lesions. Thus the beta 
coefficients are not significantly different 
from zero. 

At the doses involved in this experiment, and 
assuming homogeneous sensitivity, the chance 
cf finding damaged cell, containing more than 
1 dicentric or ring is vanishingly small ; 1 
in 250,000 for 0-50 mGy and 1 in 10,000 for 
300 mGy. Eleven such cells in + 90,000 were 
noted with only 4 in + 12,000 cells in the 300 
mGy material. If one omits these cells from 
the data it does not change the overall 
conclusions of the study. They were observed 
in most donors and by most labs so that it 
appears to be a general phenomenon. They do 
not seem to be the very heavily damaged 
"rogue" cells as described by Tawn et al. 
(Mutation Research 144, 247, i985) and Awa et 
al. (Proc. Natl Acad. Sci. 83, 1021, 1986). 
This finding leads to an intriguing hypothesis 
that normal subjects may have a small subset 
of lymphocytes that are especially susceptible 
to the induction of aberrations by low doses. 
This can only be discerne'! when very large 
numbers of cells are examined. 

The laboratories participating in this work 
have agreed to extend their collaboration. A 
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Table 5.3.1. : Linear and quadratic coefficients and goodness of fit parameters obtained for 
X-ray data up to 300 mGy 

Aberrations 

Dicentrics + rings 
(0-50 mGy) 
Excess acentrics 
(0-300 mGy) 
Total aberrations 
(0-50 mGy) 
Dicetrics + rings 
(0-300 mGy) 
Excess acentrics 
(0-300 mGy) 
Total aberrations 
(0-300 mGy) 

Fitted 
control 

1.68a 

3.56 

5.22 

1.68 

3.53 

5.21 

(io-

+ S.E.* 

•3) 

0.26 

0.24 

3.98 

0.27 

0.31 

0.41 

alpha 

( lO - 5 

2.42 

3.05 

5.62 

2.18 

3.34 

5.52 

+ S.E.* 

mGy"1) 

1.27 

0.26 

1.88 

1.52 

1.69 

2.25 

beta 

(10"8 

6.96 

-0.98 

6.00 

+ S.E.* 

mGy'2) 

5.17 

5.5F 

7.48 

DF 

5 

6 

5 

5 

5 

5 

Chi2 

7.36 

3.11 

5.63 

7.58 

3.07 

5.79 

P 

0.20 

0./^ 

0.34 

C.18 

0.69 

0.33 

a) Read as 1.68 x 10"3 

* S.E. = Standard Error 

new study with more donors, but fewer doses, 
will be undertaken in order to improve the 
statistical uncertainties due to donor 
variability. All cells containing exchange 
aberrations will be photographed and 
karyotyped. This will show whether in vivo 
cloning has occurred or whether certain 
chromosomes are specifically involved in the 
possibly extra sensitive cells exhibiting 
multiple damage. 

6.3.2. Studies on the particular G2-delay 
induced in mouse embryos by X-irradiation 

P. Jacquet, S. Grinfeld (bursar EEC), L. 
Baugnet-Mahieu 

Euratom Contract B16-C-069-B 

After X-ray irradiation at the pronuclear 
stage, mice eggs from the Balb/c strain are 
reversibly blocked in G2 phase of the first 
cell cycle. However, evolution of polypeptide 
synthesis takes place in a normal way, except 
for three polypeptide sets of 30, 35 and 45 kd 
molecular weight that appear in dividing 
controls and not in blocked, irradiated eggs. 
These mitotic spots are very close, by their 
size and their isoelectric point, to 
preexisting polypeptides which are synthesized 
continuously during the first cell cycle, by 
control embryos as well as by irradiated ones. 
To determine whether these spots reflect post-
translational modificat'ons of previously 
synthesized proteins, w performed experiments 
in two ways. First, control embryos were 
incubated from 15 to 17 hours after 
superovulation (i.e. just before the first 

cleavage) in medium containing ( S) 
methionine. Some embryos were then submitted 
to two-dimensional electrophoresis, while 
others were rinsed, incubated in cold medium 
for 1 to 3 hours, then submitted as well to 
two-dimensional electrophoresis. As a second 
experiment, embryos were incubated for 
different periods of 4 hours in a medium 
containing 3 P orthophosphoric acid, then 
processed for two-dimensionai electrophoresis. 
Pulse-chase experiments as well as those 
involving marking of the embryos by 3 ZP 
confirmed that the first mitosis-specific 
polypeptides, which are lacking in embryos 
blocked in the G2 phase by X-irradiation, 
result from post-translatlonal modifications 
of preexisting proteins, involving 
phosphorylation. 

Caffeine has been demonstrated to shorten 
considerably the G2 delay induced in cultured 
mammalian cells by X-irradiation or chemicals. 
We also tested the action of this compound in 
embryos blocked in the G2 phase. Balb/c 
females were X-irradiated by 2 Gy 20 hours 
post human chorionic gonadotropin (hCG), i.e. 
at the time of maximal sensitivity for the G2 
block, and fertilized embryos were cultured ,-n 
the presence of increasing concentrations of 
caffeine, up to 40 hours post hCG, at which 
time they were rinsed and transferred in 
normal culture medium. 95% of the irradiated 
embryos incubated in caffein free medium were 
still at the one-cell stage at 40 hours post 
hCG, while 48% and 80% respectively of those 
incubatpJ with 1 or 2 mM caffeine were 
cleaved. Further development of these embryos 
was strongly impaired, but nevertheless 10% 
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and 6* respectively of them were able to reach 
the blastocyst stage, although al i irradiated 
embryos which had been cultured without 
caffeine died at earlier stages. At 
concentrations of 3.5 mM or more, caffeine 
became highly toxic even for unirradiated 
control embryos. At 8 mM, all embryos 
degenerated before or just after the first 
cleavage. To determine accurately the time at 
which caffeine acts, irradiated eggs were 
incubated with caffeine 2 mM for different 
periods between irradiation and the first 
cleavage. Results showed that, to be 
effective, caffeine must be present in the 
medium at the time of the normal mitosis 
(around 31 hours post hCG). 

The mechanisms by which caffeine can suppress 
the G2 delay is under study. Another xanthin, 
theophyllin, was tested and proved to be twice 
less effective than caffeine at similar 
concentrations. These xanthins could act by 
increasing the intracellular concentration of 
c-AMP, via an inhibition of phosphodies terase 
activity. This hypothesis was tested by 
incubatinq irradiated embryos with 
dibutyryl-c-AM?, which exerts similar 
functions as c-AMP but, in contrast to this, 
is able to enter the cell. Dibutyryl-c-Ai'.P was 
unable to suppress or even to shorten the G2 
delay in irradiated embryos. Other 
possibilities of action of caffeine ire 
presently under *tudy. 

6.4. TOXICITY OF RADIONUCLIDES 

6.4.1. Toxicity of technetium in plants 

F. Capot, M. Cogneau (Louvain-la-Neuve), D. 
van der Ben (Bruxelles), S. Bonotto 

Research on the tox ic i ty of technetium-99, 
which decays to stable ruthenium-99, in 
Acetabularia acetabulum was continued and a 
short paper was published, summarizing the 
most signif icant results. I t was found that 
cel l growth and di f ferent iat ion are inhibited 
at relat ively high concentrations of 
echnetium (> 20 ug ml"1) . As a metal, 

technetium might interfere with 
metal-activated enzymes, provoking inhibitory 
effects. 

6.4.2. Toxicity o f technetium in mammals 

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

Euratom Contract B-16-0040-B 

Female rats of the Wistar strain were 
maintained on a commercial diet with low 
Iodine content (60 ug/kg) to which 20 ug/kg OT 

I as KI were added in some experiments to 
reach a level of 80 ug/kg or on a "normal" 
diet containing about 500 ug/kg of iodine ; 
technetium 99 as pertechnetate was adoed to 
the food to obtain contamination levels of 10 
and 50 yg/g. 

Rats given an iodine deficient diet show a 
normal rate of pregnancy and litter size 
compared to the ones receiving a normal food. 
A concentration of 10 ug Tc/g in the iodine 
deficient food (used to enhance the possible 
Tc toxic effects) given 2 weeks before mating 
does not reduce significantly these two 
parameters, whereas a higher dose (50 ug Tc/g) 
results in a lower number of females coming to 
term as well as in a reduced litter size 
attributed to the death of embryos jn utero 
since the number of corpora lutea and 
implantation sites is not affected by the Tc 
treatment even at the highest '̂ se 
investigated. 

Iodine deficiency and Tc at the dose of 10 
ug/g does not significantly modify the weight 
of the total conceptus, the embryo and the 
placenta on day 19 of pregnancy. The high Tc 
dose reduces these values, increases the 
mortality of the newborns and decreases 
significantly the growth rate of the surviving 
rats. 

The radioactivity levels measured in different 
tissues show that thyroid and kidneys present 
the highest contamination levels. Considerable 
amounts are also found in liver, spleen, lung, 
uterus and pancreas whereas muscles and brain 
contain but little Tc. Placenta and embryos 
contain levels similar to that found in 
pancreas and uterus. 

The activity found in the various organs is 
proportional to the contamination of the diet 
except for thyroid in which a saturation seems 
to occur. Regarding the thyroid metabolism and 
the thyroid hormones synthesis, technetium 
reduces significantly the T4 (thyroxin) levels 
in mother and offspring but has no effect on 
T3 (triiodothyronine) levels. 
Thyroids from animals kept on a diet 
supplemented with 10 ug/g of Tc are 
hypertrophic. 

6.4,3. Comparison of damage from interna1 

alpha irradiation to the hemopoietic and 
stromal system in adult and pre- and postnatal 
animals 

R. Van Den Heuvel, E. Mathieu, G. Schoeters 

Eu.ctom Contract B16-C-081-B 

Foetal mice were contaminated with Mm at 
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day 14 of the gestational period. We detected 
an extremely radiosensitive cel l population in 
bone marrow of mice contaminated at fetal age. 
The capacity of stromal bone marrow cells to 
maintain hematopoiesis (as detected via a 
CFU-c assay) in v i t ro was s t i l l damaged even 
at 20 weeks after contamination. At that age 
the cumulative dose committed to the femur was 
0.02 Gy. Damage was observed in mice reared by 
their own mother but not in Am contaminated 
mice which after b i r th were reared by a 
non-contaminated foster-mother. 

Thus the additional intake of *Am via 
lactation seems to be responsible for the 
observed damage. A few days before b i r th and 
the f i r s t two weeks after bir th we also 
detected a high prol i ferat ion act iv i ty of 
stromal bone marrow stem cells (40% of the 
stromal stem cells were mitoticaMy active, 
which i r adults is questioned). This high 
prol i fe.at ion act iv i ty may also be related to 
the high radiosensit iv i ty. These observations 
must be taken into account when risk 
estimations are made from pregnant animals and 
neonates. 

Also a long-term experiment is in i t ia ted in 
which pregnant mice are injected at 14 days of 
gestation with either 0, 100, 500 and 1500 kBq 
2^Am/ky to check whether the offsprings are 
more sensitive for the appearance of late 
radiation effects than i f contamination occurs 
at adult age. Up to date, 127 offsprings are 
already included in the experiment. 

6.4.4. Behaviotr of t r i t ium and carbon-14 in 
mammals 

remaining nas been dried to produce milk 
powder. Feces and urine are being aralysed in 
order to determine the excretion rates. 

Transfer of C, biologically incorporated in 
plant material (maize), to a lactating cow was 
also investigated. This experiment was 
conducted in close collaboration with the 
Landbouwhogeschool in Wageningen (Dr J . Van 
Den Hoek). 53% of the administered act iv i ty 
(3900 Bq/day during 33 days) was excreted with 
the feces, urine accounted for 2% and milk for 
10% ; the remaining ac t iv i ty being 
incorporated in the animal body. Taki.ig into 
account the weight of the animal and the total 
weight of milk production (+ 13% dry matter) 
and i t s specific density (1.030 kg/1) i t can 
be concluded that the milk production has 
pr io r i ty in the body metabolism. An 
equilibrium is reached six days after the 
star t of administration. The transfer factor 
for **C incorporated in Zea mays to milk is 
estimated at 4.5 10"3 day/1. The 14C 
determination in milk and i t s constituents 
was performed at the Inst i tute of animal 
physiology in Wageningen. 

6.5. RADIOACTIVE 
ENVIRONMENT 

CONTAMINATION OF THE 

6.5 .1 . Uptake of technetium-95m by unicellular 
and pe r i ce l l u la r algae 

S. Bonotto, D. van der Ben (Bruxelles), F. 
Capot, V. Robbrecht (Antwerpen), M. Cogneau 
(Louvain-la-Neuve), L. Pignolet (Louvain-la-
Neuve), J.M. Bouqnegneau (Liège) 

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

Euratom Contract. B-16-0040-B 

In order to prepare experiments on the 
transfer in the food chain of t r i t ium 
biological ly incorporated in animal products 
(meat, milk and milk constituents), one cow 
and a young bull wero contaminated with HT0 
The young bull received a unique amount of 
74 GBq 'r!TO and was slaughtered three days 
af ter , the cow received the same total amount 
equally distributed over 30 days. For both 
animals urine and feces were collected 
regularly as veil as the milk from the cow. 
The organic tound t r i t ium (0BT) act iv i ty in 
the meat was 1600 + 180 Bq/kg for the cow and 
5853 + 70 8q/g for~the bu l l . The meat of both 
animals is stored in the freezer. Act iv i ty in 
milk reached an equilibrium level of about 37 
MBq/1. Part of the milk w i l l be used to 
extract the various constituents (proteins, 
l ip ids and i f possible glucides), the 

Fig. 6.5.1. . Autoradlograph of Fucus spiral is 
labelled under laboratory conditions with 
95T'-n' fno-tprhnptate). The apical f e r t i l e 
re- •;'..».>.. ^ •* •< strong accumulation of this 
radioelement (arrows). 

Euratom Contract B16-0049-B 
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Unicellular (Acetabularia acetabulum) and 
pluricellular (AscophylTurn nodosum, Fucus 
serratus, Fucus spiralis, Fucus vesiculosus, 
Porphyra umbilical is, Sargassum muticum and 
UI va lactuca) algae were utilized for 
studying, under laboratory conditions, the 
uptake and distribution of tec^netiiim-SSm 
(Tl/2 = 61.2 days). Technetium was strongly 
accumulated by Acetabularia and the brown 
algae. By contrast, Porphyra and Ulva were 
uncapable of concentrating this radioelement. 
Autoradiography of the algae with Kodak X-ray 
ortho G film, using intensifying screens, has 
revealed that : 1) technetium was distributed 
in all parts of the thai 1 i but to a very 
different extent ; 2) this element was present 
in the flattened segments as well as in the 
aerocysts of Ascophyl1 urn nodosum and Fucus 
vesiculosus ; 3) 

4) 
the midribs of Fucus 

the apical parts 
were 

Fucus labelled ; 4) the apical parts of 
sp i ra l is , which were transforming into f e r t i l e 
receptacles, were the most heavily labelled, 
probably due to a stronger metabolic act iv i ty 
(Fig. 6.5.1.). The incorporation mechanisms 
are under investigation. 

6.5.2. Determination of technetium-99 in the 
mf ine organisms of the Belgian coast 

C. Hurtgen, G. Koch, D. van der Ben 
(Bruxelles), S. Bonotto 

Euratom Contract B16-0049-B 
BTK Project 20516 

Contamination of the Belgian coast by 
technetium-99 was followed by radiochemical 
analyses on brown marine * ]g ;e ; which are 
known, from previous experimental ./ork, to 
concentrate this radioélément. rhe brown alga 
Fucus spiral is (Fucales) was collected * : four 
different places (Nieuwpoort, Oostende, 
Blankenberge and Zeebrugge) during 1985 and 
1986. The concentration of technetium-99 
(Bq.kg -1 dry weight) in whole plants was found 
to increase as a function of time (Fig. 
6.5.2.) . In addit ion, analyses on separated 
parts of the plants have revealed *hat, 
generally, apical fragments possess a lower 
content of technetium-99 than the middle and 
basal ones. 

These results suggest that the old tissues of 
Fucus sp i ra l is , present in middle and basal 
fragments, have integrated technetium uptake 
over a period of a few years, in contrast to 
the young ones of the apices, which have 
probably fixed this radionuclide only during a 
short period of time. The concentration 

T e c h n e t i u m in Fu.eus s p i r a l i s 
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Fig. 6.5.2. : Fucus spiralis : specific activity (Bq kg dry weight) of apical, middle and basal 
fragments of algae collected in Zeebrugge. 
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factors (CFs), evaluated on the basis of 3 ra8q 
technetium-99 1 " * seawater, var ied from 8,000 
to 36,000 in whole p lan ts , reaching however 
51,000 in middle fragments. These f igures are 
of the same order of magnitude than those 
reported f o r re lated species of Fucus 
co l lec ted along the French coast o f the 
Channel. Our resu l ts add f u r t he r evidence that 
Fucus s p i r a l i s may be used as a b io ind ica tor 
fo r technetium-99 contamination of coastal 
waters. 

I t would be of i n t e r e s t , from the 
rad ioprotect ion point of v iew, to analyse the 
content of technetium-99 of the sea mussels 
(Myt i lus edu l is ) which cons t i t u te a 
s i g n i f i c a n t l i n k of the food chain leading to 
man. 

6 .5 .3 . Radiological su rve i l l ance around 
nuclear power plants 

E. Van Gelder-Bonni.ins, R. Kirchmann 

Contract w i th the Min is t ry of Publ ic Health 

The rad io log ica l survei l lance programme around 
nuclear power plants was continued in 
accordance wi th the planning. A number of 
samples (p lan ts , animals and sediments) were 
co l lec ted i n several places fo r t o t a l gamma 
spectrometry and for radiochemical ana lys is . A 
repo r t , containing the r e s u l t s , is being 
prepared by the Min is t ry o f Public Heal th . 

6 .5 .4 . Study o f the b io log i ca l mechanisms 
leading to the formation of organic t r i t i u m 

S. Bonotto, R. Kirchmann, E. Fagniar t , M. 
Mergeay, M. Meur ice-Bourdon (L iège) , G. Arapis 
(Fontenay-aux-Roses), Y. Belot (Fontenay-aux-
Roses) 

Research on the formation of o rgan ica l ly bound 
t r i t i u m (OBT), from t r i t i a t e d water (Hlu) and 
t r i t i u m gss (HT) was continued. In the aquatic 
ecosystems, un ice l l u la r algae (Acetabularia 
and others) behave as f a c u l t a t i v e 
heterotrophs, being capable of incorporat ing 
t r i t i u m from HTO as well as from t r i t i a t e d 
organic molecules. In a d d i t i o n , some species 
(especia l ly blue-green algae) are able to 
convert HT in to HTO. 

Organic t r i t i u m present in the l i q u i d 
e f f l uen ts from nuclear power plants of the PWR 
type might o r ig ina te from degradation products 
of p u r i f i c a t i o n resins and/or from b io log ica l 
a c t i v i t y of microorganisms. A red yeast , found 
in the primary cooling system of the BR2 
reac to r , was u t i l i z e d to study the conversion 
of HTO into OBT. The incorporat ion of t r i t i u m 
in to the yeast ce l l s was studied by adding 

increasing concentrations oi Hiu ^ u , 3/ , J / < J , 
3700, 185000, and 37000 Bq m l " 1 ) to the 
cu l tures which were harvested by 
cen t r i f uga t ion a f t e r 7 days, repeatedly 
washed, dryed and analysed by microcombustion. 
The resu l ts showed that t r i t i u m incorpora t ion 
in to the t o t a l organic matter of the yeast 
increased l i n e a r l y as a func t ion o* the HTO 
concentrat ion in the cu l tu re medium. The 
maximal incorporat ion value^ observed, ranged 
from 3400 to 5500 Bq g~ : dry mat ter . The 
incorporat ion of t r i t i u m in to the yeast c e l l s 
as a func t ion of time ( k i ne t i c s ) as wel l as 
the nature of the t r i t i a t e d organic compounds 
are being inves t iga ted. In a d d i t i o n , new 
experiments are planned w i th p u r i f i c a t i o n 
res ins . 

6 .5 .5 . T r i t i um and carbon-14 in the s o i l - p l a n t 
environment 

E. Fagniar t , C. Vandecasteele, G. Gerber, R. 
Kirchmann, M. Van Hees 

Euratom Contract B16-0040-B 

The t rans fer to p lant of carbon-14 
incorporated in to the so i l as organic matter 
has been invest igated. Maize plants (Zea mays) 
were contaminated in a closed p l a s t i c 
greenhouse w i th I 4C02 (F i g . 6 . 5 . 5 . ) . Part o f 
the p lant mater ia l was composted and an other 
par t was given to a cow. Compost and feces , 
s t e r i l i z e d or no t , were incorporated in to a 
so i l on which various p lant species were 
grown. 

F ig . 6 .5 .5 . : expérimentai device f o r 
contamination of p lant mater ia l w i th 
radioact ive gas under f i e l d condi t ions : the 
p l j s t i c greenhouse is t i g h t l y closed before 
i n j ec t i on of the rad ioact ive gas and dur ing 
exposure, samples of the atmosphere are taken 
in order to fo l low the time evo lu t ion of the 
radioact ive ga? and of the t o t a l COg.COj i s 
in jec ted when needed to compensate i t s 
absorption by the plant mater ial by the 
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photosynthesis process. 

Considering the transfer of ' C from maize 
compost incorporated in soil , it was observed 
that the C content depends on the plant 
species as well as on the organ considered : 
lettuce and cabbage show the highest transfer 
factors followed by potato, spinach and 
maize ; leaves are more contaminated than 
stems ; concentration in tuber, cob and 
grain is generally lower. The dilution factor 
shows that less than S% of the total carbon in 
the leaves, less than 2% of the carbon present 
in tuber and grains originated from the soil ; 
for stems the values are intermediate. The 
total annual export of 1 C for each crop 
(taking into account the aerial part only) 
accounts for less than 1% of the soil 
activity. The transfer decreases from the 
first year to the third year. 

Transfer of C from feces incorporated into 
the soil is of the same order of magnitude 
than that obtained for compost. Results 
obtained with sterilized and non sterilized 
feces suggest that the presence of 
microorganisms (digestive tract flora) 
slightly enhance the transfer of 1 C. 
Soil-to-plant transfer factors (calculated on 
a dry weight basis as the ratio between the 
radioactivity content measured in plants and 
soils) obtained with feces and compost range 
from 2.7 to 5.1Û"3. 

6.5.6. Transfer from soil to plant of various 
radionuclides under natural conditions 

E. Fagniart, C. Vandecasteele, R. Kirchmann 

For the fifth consecutive year, maize (Zea 
mays) and potatoes (Solanum tuberosum) were 
grown in soils contaminated in 1982 with 
I 3 4Cs, 60Co and 99Tc. The plants were 
harvested at maturity and the samples are 
being analysed. The transfer factors of 1 3 4Cs 
and 50Co calculated for the samples collected 
in autumn 1985 are now available : in leaves, 
stems and cobs from maize, the transfer 
factors were estimated respectively to be 0.18 
+ 0.07, 0.19 + 0.08 and 0.06 + 0.03 for 134Cs 
and to be 0.035 + 0.0O4, 0.C30 + 0.006 and 
0.006 + 0.003 for 6 0Co. It is evident that 
cobalt is taken up by maize to a less extent 
than caesium and that for both radioéléments 
the contamination "f the grain is lower than 
that of leaves and stems. The transfer factors 
obtained for potato tubers contaminated by 
134Cs are 0.19 + 0.05 comparable to those 
obtained for maize leaves. 6DCo contamination 
of tubers shows in 1985 a particularly high 
variability (with transfer factor values 
ranging from 0.03 to 1.20), that remains 
unexplained. 

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

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

Euratom Contract 816-0040-6 

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 CEN/SCK and 
CEN-CEA (Cadarache), supported by a CEC 
contract. Several laboratories from the 
University of Liège, U.C.L., FND. Namur, IHE 
and SEM0 (Tihange) contribute to the 8elgian 
part of this research, mainly devoted to the 
study of the radioecology of the Meuse basin. 

Studies on the composition of the diet of fish 
species of the Meuse river were carried on. 
The study on the pike-perch (Stizostedion 
lucioperca) has been completed in 1986. The 
diet of this piscivorous fish consists mainly 
in bleaks (Alburnus alburnus). However, 
gudgeons (Gobio gobio), roaches (Rutilus 
rutilus), nâslings (Chondrostoma nasus), 
breams (Abramis brama + Blicca bjoerkna) and 
chubs (Leuciscus cephalus) were occasionally 
found in pike-perch stomachs. The size of the 
preys ranges from 3.5 to 15.6 cm, but are most 
frequently around 8-9 cm ; their weight varies 
between 2.45 and 29.7 g. The feed ratio, 
defined as the ratio between the weight of the 
stomach content and the body weight, ranges 
from 0.2 to 5.0*. 
Studies on the composition of the perch (Perca 
fluviatilis) diet are going on. 

Optimal culture conditions have been 
determined for a diatom (Cyclotella 
meneghiniana) isolated from the Meuse water 
and chosen for contamination experiments with 
radiocaesium and radiocobalt because it 
represents an important part of the Meuse 
phytoplankton. Another reason to work on 
diatoms is that few data are available on 
these organisms compared to green algae. The 
uptake of Co by Cyclotella was followed in 
stationary cultures up to 72 hours after 
contamination ; two culture media were used : 
Meuse water to which phosphates, nitrates and 
silicates are added and a synthetic medium. 
First results show that the uptake of 60Co by 
Cyclotella is very rapid : the maximum uptake 
,s obtained after 24 hours. 
As soon as all the data will become available, 
they will be used to validate a submodel of 
phytoplankton contamination developed in the 
framework of this research. 

M 7 
Contamination by J Cs of a green alga 
(Scenedesmus obliquus) and decontamination 
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procès have been modelled using conservation 
equations for water, algae biomass and *3 Cs. 
The model based on data provided by laboratory 
experiments fits pretty well the 
observations ; it shows that the concentration 
ratio between water and algae obtained at 
equilibrium depends on the experimental 
conditions (batch cultures or continuous flow 
cultures). 

The 137, Cs contamination measured in fish 
caught in the Meuse river has been modelled 
using the model developed by Lambrecht 
(CEA-Cadarache) with the numerical values of 
the parameter obtained for the Rhône river. 
This model takes into account the 
contamination by watdr, sedimentary and 
suspended matters ana through the food chain. 
First simulations show a good agreement 
between the calculated values and measures 
obtained for fish in the Meuse. It seems that 
this model built to describe the contamination 
of fish in the Rhône is also valid in the case 
of the Meuse. 

6.5.8. Food chain transfer of the 

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

In order to estimate the impact of the 
fall-out from the Chernobyl accident on the 
contamin. tion of agricultural products 
commonly used for human consumption and cattle 
feeding and to calculate the transfer 
parameter from soil to plant and from plant to 
animal products, samples of soil and plants 
grown G"1 these soils were collected in the 
region of Mol. Milk from cow and sheep 
obtained from the experimental farm and sheep 
were sacrificed regularly to provide meat 
samples. The results obtained have been 
reported and discussed in a document prepared 
by CEN/SCK : "Compendium of the measurements 
related to the Chernobyl nuclear accident" to 
be published as a 8LG publication. 

6.6. NON-RADIOACTIVE 
ENVIRONMENT 

CONTAMINATION OF THE 

radionuclides from the Chernobyl accident 

6.6.1. Ecophysiology effects of acid stress in 
aquatic ecosystems 

H. Witters, J. Vangenechten, S. Van Puymbroeck. 

Fig. 6.6.1. Rainbow trout, Salmo gairdneri (witn .jtheter in the drosal aorta and in the urinary 
papillae) in an experimental set-up for whole body ion flux measurements. 
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Puymbroeck, 0. Vanderborght 

Euratom Contract ENV-836-B 

Research on the physicochemical basis of 
extreme acidification in some typical Belgian 
surface waters was continued. A new computer 
programme has been designed in cooperation 
with the mathematical department. Use is being 
made of the data retrieval system provided by 
IBM (SQL-OMF facilities). This programme 
allows us to file large amounts of 
physicochemical data provided by the 
monitoring network and to select the data on 
the basis of special conditions. Afterwards 
these data can De incorporated into specific 
Fortran programmes. This software will enable 
us to use some empirical models of lake 
acidification and to assess the impact of 
antropogenic sources in the observed extreme 
acidification of Belgian lakes. 

The planning of long-term experiments with 
fish to investigate the physiological 
reactions towards acid and Al stress, required 
the optimal performance of a pH-stat device to 
keep pH constant at a predetermined level in 
maximally 10 experimental chambers and fish-
holding tanks. Special attention was further 
focussed on the pH electrodes. Accurate 
measurement of pH in low ionic solutions (used 
in the fish experiments) poses specific 
problems to the pH electrodes used. Special 
care must be taken in the measurement 
procedure especially because high ionic 
strength buffers are used to calibrate the pH 
meters. All electrodes used in the experiments 
are from now on carefully checked on their 
measurement characteristics in low 
conductivity waters. 

6.6.2. Americium in aquatic ecosystems 

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

Euratom Contract B16-00c,,-B 

As large batches of artificial softwater with 
predetermined ion content and pH are to be 
used in the experiments, special installations 
are being built using large reservoirs (2000 
1) of démineraiized water and a pumping and 
dosing system to deliver the water to the 
experimental tanks. The use of large volumes 
of water (about 2000 1 per day) appeared a 
necessity in this type of work because a 
flow-through system is the only way to keep 
the speciation of americium within acceptable 
limits in an experimental set-up with aquatic 
organisms. 

6.6.3. Impact of heavy metals on the marine 

eccsystem 

S. Bonotto, S. Puiseux-Oao (Paris), C. Karez 
(Villefranche-sur-Mer), M. Roméo 
(Vi11efranche-sur-Mer) 

The collaboration with the University of Paris 
VII and the "Unité Mer et Santé" of 
Villefranche-sur-Mer was continued. A 
scientist (Mrs C. Karez) was detached in Mol, 
to realize laboratory experiments on the 
uptake of cadmium and zinc by marine 
organisms. The uptake mechanism is being 
studied with radioactive tracers (109Cd and 
6 S Z n ) . 

6.7. STUDY OF INTEGRATION, REPLICATION AND 
BIOLOGICAL EXPRESSION OF FOREIGN DNA 
ADMINISTERED TO DIFFERENT ORGANISMS 

6.7.1. Heavy metals resistant bacteria 
isolated from a zinc desert 

L. Diels, D. Severens, M. Mergeay 

Plasmids governing resistance to heavy metals 
have been found up till now only in the strain 
Alcaligenes eutrophus CH34, a facultative 
chemolithotroph which was found in a zinc 
factory in the region of Liège. Are such 
plasmids to be found in other places and other 
biotopes ? To answer this question, we looked 
for resistant bacteria in a "zinc desert", at 
the site of an old zinc factory out of use 
since 1951, in the province of Limburg. Large 
quantities of zinc released into the air, 
especially during the first third of this 
century were deposited and contaminated the 
biosphere and groundwater. 

Soil samples, essentially composed of sand, 
were analysed for their content in metals and 
in aerobic bacteria (see Table 6.7.1.). 
Evidence foe plasmid bound resistance to zinc 
was looked for by selecting bacteria on plates 
supplemented with zinc ions and by colony 
hybridisation on filters with a DNA probe made 
with a 9 kb EcoRI digested fragment isolated 
from plasmid pM0L30 of A^ eutrophus CH34 ; 
this Ccz* fragment carried genes governing 
resistances to Zn++, Cd++ and Co++. Results on 
Table 6.7.1. indicate that in soluble form, 
the Zn++ ion is the most abundant pollutant 
and that the number of bacteria able to grow 
in presence of zinc corresponds to a very 
large fraction (20% to 100%) of total c.f.u. 

Zinc resistant bacteria from sample A belonged 
essentially to 2 subpopulations, one of 
Alcaligenes sp. and one of Pseudomonas 
aeruginosa (non autotrophic but related to A^ 
eutrophus). From sample B, P_̂  aeruginosa was 
overwhelmingly dominant. 
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Samples Metals (in ug per g of soil) (1) Bacteria (cfu/g.soil) 

Total cfu cfu on 
Al Cd Co Cu Ni Pb Zn on nutrient NA + 

agar 10 mM Zn+ 

A 6000(10) <10(1) - (<2) 1000(2) 90(<5) 2000(<15) 7000(150) 2.8.103 6.102 

B (under 
a tree) 39O00(<5) <10«1) - (<2) 800(2) 160«5) 1650(<15) 11000(35) 5.5.105 6.105 

(2) 

(1) between brackets, values corresponding to material extractible by hot water 
(2) in fact, the only tree (Acer sp.) to be observed on a surface of + 100 ha) 
(3) c.f.u. : colony forming units estimated after 72 h of incubation at 28°C 

Most colonies from both populations reacted 
positively to the Ccz probe. Strains 
Alcaligenes sp. DS185 and P^ aeruginosa DS178 
were kept for further analysis. DS185 was 
found to be resistant to Zn++ and Cu++ but 
sensitive to Co++, Ni + + and Cd** (1 mM for all 
tested ions) and contains 3 plasmids of 250, 
230 and 7 kb) : DS178 was resistant to Zn++, 
Cd++, Co++, Cu and sensitive to Ni + +, and is 
plasmid free. However, both strains contained 
an EcoRI fragment strongly hybridizing with 
the probe from plasmid pM0L30. This fragment 
is on the chromosome in DS178 and on plasmid 
pM0L85 (250 kb) in DS185. Moreover, pM0L85 is 
efficiently self-transferable to a plasmid 
free derivative of A^ *>utrophus CH34 where it 
can express not only resistance to zinc but 
also the resistances to copper, cobalt and 
cadmium ions ; these two last markers not 
being expressed in DS185. These observations 
show that genes resistant to heavy metals are 
kept in bacteria from two totally unrelated 
biotopes that they can circulate inside the 
same . tpulation submitted to a strong 
selection pressure. Due to rearrangements they 
can be observed on chromosomes and on self-
transferable plasmids. 

6.7.2. Microbiol degradation of chlorinated 
biphenyl s 

0. Springael, S. Kreps, M. Mergeay 

Kontrakt IWONL/RUG 

Transformer-oils contain PCB's of which 90% 
are highly chlorinated biphenyls. The more 
chloride ions on the molecule, the more 
resistent it is to microbial degradation. 
UV-irradiation results in a stepwise removal 

of chloride ions from the molecule and leads 
to a mixture of low chlorinated biphenylc. At 
this moment, the efficiency of UV-breakdiwn is 
reduced but these low-chlorinated biphenyls 
are accessible to degradation by bacteria. 
Therefore, a combination of UV and 
biodégradation may lead to an efficient 
process of PCB-removal. 

We were able to select different PCB-degrading 
strains of bacteria by enrichment procedures 
on biphenyl, 4-chlorobiphenyl and 4,4'-
dichlorobiphenyl in batch cultures. In this 
method the PCB molecule to be degraded is 
given as the sole source of carbon and energy. 
Only the microorganisms with the necessary 
degradative ability will grow significantly 
under these conditions and they will outgrow 
the very large number of other organisms also 
added at the start of the experiment. As 
inoculum we used PCB-contaminated soil 

We obtained 19 not-purified cultures. 5 were 
able to grow on 4-chlorohiphenyl and 14 on 
biphenyl while it seems that they cometabolize 
4,4'- dichlorobiphenyl. Most of them produce 
2-hydroxy-6-oxo-6-phenyl-hexa-2,4-dienoic acid 
which is a well-known yellow intermediate in 
the breakdown-pathway of biphenyls chlorinated 
or not. These cultures show doubling times 
ranging from 15 hours to 2 days. 

From these cultures, we isolated pure strains 
by streaking them on solidified selective 
medium and picking up individual colonies. 
They are able to use biphenyl and 4-chloro
biphenyl as sole source of carbon and energy 
in liquid and on solid medium. Morphological 
comparisons suggest that they belong to at 
least 4 different genera of bacteria. 
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We are now try int to optimize the growth of 
these not-purified and purified cultures by 
further cultivation in batch cultures and in 
chemostats, and to identify characteristics of 
the purified strains, for example, breakdown 
products of the PCB's, optimal conditions of 
growth, presence of plasmids etc. 

water plus phosphate buffer pH 7 2 mH and 
tweèn 20 0.05% prior to use. Infections were 
performed with two recently isolated virulent 
stra-ns of Erwinia amylovora resuspended to 
10° -acteria per ml in physiological water. 

In a first experiment the plants were infected 
by spraying the bacteria to dripping. One hour 

6.7.3. Use of a bacteriocin for fire blight later different bacteriocin dilutions or 
control streptomycin (100 mg/1) were sprayed on 

separate lots of plants. Temperature was 
maintained above 25°C and humidity superior to 
85X, so as to favor infection. Insect and 
arthropod populations were controlled. The 
time interval of the experiment was two 
months, every week infections were scored and 
pruned. 

M.E. Thiry, J. Remy, L. Ledoux, T. Deckers 
(Gorsem), B. Evens (Gorsem) 

Fire blight is a bacterial disease causing 
severe loss in the pear tree orchards of 
Western Europe. We have investigated if the 
use of a bacteriocin that specifically kills 
Erwinia amylovora, the fire blight causal 
agent, could control the disease. 

The experiments were performed in the green 
house on pear trees and cotoneasters. The 
bacteriocin, obtained from a mitomycin C 
induced culture was purified by 
ultrafiltration. The bacteriocin titer of a 
culture supernatant is 1000 u/1. The titer of 
the purified and concentrated product is 
20,000 u/1. The bacteriocin was diluted in tap 

The pear trees grew poorly and had only a few 
infections. The results obtained with 
cotoneasters show that we succeeded in 
establishing infections, while controls 
remained free from contamination. Infections 
occurred only on the young growing twigs. 
Bacteriocin treatment limited the infections 
to about the same extent as streptomycin. Both 
bacteriocin dilutions seemed to give 
equivalent results. 

Table 6.7.3. 

Number of infections scored on cotoneasters infected with E^ amylovora prior to the treatment 
with bacteriocin or streptomycin. 

1st experiment (cotoneaster - greenhouse) 

Protocol Plants were treated to dripping, one hour after infection. 
This was done with 108 Z. amylovora/ml suspension, made of 2 local strains recently 
isolated from cotoneasters and pear trees 

Non infected controls 
Infected controls 
+ Bacteriocin (1000 U) 
+ Bacteriocin ( 10 U) 
+ Streptomycin 

0 infection / 146 growing twigs 
33 infections / 174 growing twigs 
20 infections / 277 growing twigs 
12 infections / 193 growing twigs 
11 infections / 187 growing twigs 

% 
0 
19 
8.8 
6.2 
5.9 

Number of infections scored on cùtoneaster treated with bacteriocin or streptomycin prior to 
infection with E^ amylovora. 

2nd experiment cotoneasters) 

Protocol : Plant, were treated to dripping, one hour before infection. 
This was made with 108 E_̂  amylovora/ml. Only one treatment was given. 

Non infected controls 
Infected controls 

+ Bacteriocin (1000 U) 
+ Bacteriocin ( 10 U) 
+ Streptomycin 

: 0 infection / 290 growing twigs 
a) 35 infections / 282 growing twigs 
b) 47 infections / 280 growing twigs 
: 14 infections / 414 growing twigs 
: 28 infections / 362 growing twigs 

9 infections / 352 growing twigs 

% 
0 
12.4 
16.8 
3.4 
7.7 
2.6 
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In a second experiment (Table 6.7.3.) the 
biv-teriocin was applied first and the plants 
were allowed to dry before infection. Drying 
causes loss of 99% of the bacteriocin 
activity. In spite of that severe loss of 
activity the bacteriocin still controls 
infection as well as streptomycin. The highest 
dilution controls a little bit less than 
streptomycin. From these experiments it can be 
concluded that the bacteriocin can control to 
some extent artificial fire blight infections. 
The bacteriocin, even highly diluted, is 
comparable to streptomycin with respect to its 
activity. However, it was not possible to 
eradicate all infections either with 
bacteriocin or steptomycin. 

6.7.4. Production of human growth hormone by 
Arabidopsis thaliana plants 

L. Ledoux, M. Thiry, J. Closet (U.Lg.) 

Plants treated with a pBR derivative bearing 
the cDNA of the human growth hormone (plasmid 
pch 6H800, from J. Martial) were previously 
shown to produce an antigen which reacted, on 
nitrocellulose membranes, with a specific 
anti-hGH antiserum and could be detected and 
measured after protein A- I treatment and 
autoradiography. 

Calluses derived from leaves of positive 
plants were subcultured for 12 months. During 
this period of time, one callus was chosen in 
each culture plate, every 2 months, for its 
good growth, fragmented into small pieces and 
subcultured on fresh medium. The nature of the 
antigen of hGH type, produced after 2 
subcultures was further specified by means of 
a competition radioimmuno assay. The slopes of 
the dilution curves determined in such assays 
revealed in 3 out of 4 cases a great 
analogy between the plant produced antigen and 
the real hGH. Control experiments with 
calluses from untreated plants were all 
negative. 

The analogy was further ascertained with 
biological ligands, specifically binding hGH. 
On the other hand, a steady decrease was 
observed in the production of the antigen by 
subcultured calluses, leading to a loss of hGH 
production after 6 subcultures (possibly due 
to the choice of the "best growing" callus at 
the time of the subculture). Calluses were 
also shown to excrete the hGH like antigen in 
the solid medium on which they were grown. 
Callus cells, immobilized in alginate beads, 
and cultured for three months in an adequate 
mineral medium supplemented with glucose, were 
shown to excrete the hGH in the liquid medium. 

The molecular bases of the observed expression 

of the hGH cDNA in the plant are presently 
being studied. 

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 
(Université de Liège) 

FRSM Contract 3.4503.83. 

Previous research in our laboratory 
demonstrated the presence of nuclear 
triiodothyronine (T3) receptors in human 
breast tumors, indicating the possible 
involvement of thyroid hormones in the 
alterations of gene expression accompanying 
mammary neoplasia. Further experiments 
indicated that specific nuclear T3 binding 
sites were also present in human tumors of 
other origins. Thyroid hormone is an important 
factor in the development and maintenance of 
brain function. It is still r.ot clear, 
however, whether and how thyroid hormone 
affects the mature brain. Subpopulations of 
cells containing nuclear T3 receptors have 
been identified in developing and adult rat 
brain, suggesting that at least some of the 
effects of the thyroid hormone on the central 
nervous system (CNS) might result from a 
direct action of T3 at the cellular level. We 
have studied the T3-binding capacity of nuclei 
isolated from individual samples of human CNS 
tumors. 

Amongst the malignant tumors of neuroglial 
origin, the T3-binding capacity is of the same 
order of magnitude, independent of the 
histopathological grade of the tumor 
astrocytomas grade 1-2 (n = 4) : av.Cmax = 
297 ; astrocytomas grade 3-4 (n - 7) : 
av.Cmax = 302 ; glioblastomas (n = 6) : 
av.Cmax = 303 fmol/ng DNA. The T3 receptor 
level in medulloblastomas (n = 2 ; av.Cmax * 
262 fmol/mg DNA) is similar to the values 
obtained in non-neoplastic human cerebellum (n 
= 2 ; Cmax = 287 and 331 fmol/mg DNA). 

As far as benign cerebral tumors are 
concerned, no consistent specific binding was 
observed in neurinomas VIII ; high T3 receptor 
levels were found in three meningiomas. It 
must be pointed out that human meningiomas 
also contain progesterone receptors, in the 
absence of oestrogen receptors. The presence 
of significant amounts of T3 receptors, even 
in highly malignant astrocytomas, indicates 
that most CNS tumors remain potential targets 
for thyroid hormones. The direct 
T3-responsiveness of human tumors remains to 
be demonstrated. However, there may be some 
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relationship between our findings and the 
recent discovery, by several authors, that the 
c-erb A gene, cellular counterp?rt of the 
viral oncogene v-erb A, encode? a thyroid 
hormone receptor. Indeed, a "çuperfamily of 
genes", the products of which are 
transcriptional regulatory proteins, such as 
thyroid and steroid hormone receptors, also 
includes several oncogenes (e.g. : erb-A) 
interfering with the transcriptional 
regulation of crucial target genes or 
enhancing the transforming potential of other 
oncogenes (e.g. : v-erb B). The v-erb B being 
closely similar to the gene encoding the 
Epidermal Growth Factor receptor, studies on 
the presence and biochemical expression of EGF 
and other polypeptide growth factors in human 
and experimental tumors are in progress in our 
laboratory. 

6.8.2. Toxicoloqical studies 

J. Vankerkom, L. Baugnet-Mahieu, A. Léonard, 
W. Baeyens, Gh. Deknudt, P. Jacquet, M. 
Lambiet-Col 1ier 

National and international laws are becoming 
more and more stringent because of the demand 
for better consumer protection. Before 
reaching the market, any new compound must be 
evaluated for its toxicity for man and the 
environment. 

On request of a chemical company, a skin 
sensitization test, according to the 8uehler 
method, has been developed in the laboratory 
of animal toxicology. The purpose of this test 
is to determine the potential of a substance 
to induce delayed contact hypersensitivity in 
the guinea pig. The Buehler method is used in 
the event that the classical Magnusson and 
Kligman Maximisation test is inapplicable 
because of the physical or chemical 
characteristics of the test substance. 
Qualification studies have been successfully 
completed in 1986 on three substances and a 
laboratory service agreement will be concluded 
in 1987 between that company and our 
laboratory. A first series of seven studies 
will be Initiated at the beginning of 1987. 
Experiments are being carried out in our 
laboratory of histopathology, as part of the 
evaluation of new drugs, in collaboration with 
a pharmaceutical company. 

Classical toxicity tests (18 LD50, 14 skin and 
14 eye irritation studies) and 4 short-term 
mutagenicity studies have been performed on 
request of several chemical and pharmaceutical 
companies. 

6.9. PUBLICATIONS AND LECTURES 

6.9.1. Publications 

Experimental investigations on tritium 

incorporation into the marine green alga 
Acetabularia acetabulum 
G. ARAPIS, V. BELOT, G. NUYTS, A. BOSSUS, S. 
BONOTTO 
Rapp. Comm. int. Mer Médit. 30 (1986) 108 

Autoradiographic localization of Tc-95m fixed 
under laboratory conditions by three 
macroalgae of the Belgian coast Fucus 
spiralis, Porphyra sp. and Ulva lactuca 
S. BONOTTO, G. NUYTS, A. BOSSUS, F. CAPOT, M. 
COGNEAU, D. van der BEN 
Rapp. Comm. int. Mer Médit. 30 (1986) 214 

Labile tinding of Tc-95m to proteins in the 
giant unicellular alga Acetabularia 
acetabulum 
F. CAPOT, A. BOSSUS, G. NUYTS, M. COGNEAU, D. 
van der BEN, S. BONOTTO 
Rapp. Comm. int. Mer Médit. 30 (1986) 215 

Chromosome aberrations in rabbit lymphocytes 
exposed to therapeutic ultrasound waves 
followed by a 5-bromo-2'-deoxyuridine 
treatment 
G. DECAT, A. LEONARD, H. MYNCKE 
XVIth EEMS Meeting, Brussels, August 25-30, 
1986, Abstract 18 

Response of mouse lung parenchyma to 
X-irradiation at different doses 
(stereological analysis) 
L. de SAINT-GEORGES, J.R. MAISIN 
20th Annual Meeting of the European Society 
for Radiation Biology, Pisa (Italy), September 
15-19, 1986, Book of Abstracts 

Potential in biotechnology of Alcali genes 
eu*rophus CH34, a facultative chemolithotrophy 
highly resistant to heavy metals 
L. 0IELS, M. MERGEAY, ,1. REMACLE, M. CRINE, S. 
TAGHAVI 
Proc. Third European Conference on Industrial 
Microbiology, Milaan (Italy), October 23-24, 
1986 

Uptake of robaltous ions by CH34 Alcaligenes 
eutrophus, a strain with multiple resistance 
to heavy metals 
L. DIELS, 0. VANDE WEEGHDE, M. MERGEAY 
Arch. Int. Phys. Biol. 94 (1986) B133 

Biochemical effects of swainsonine 
S. DI VIRGILIC, R. HOOGHE, E. BRUYNEEL, M. 
MAREEL 
Proc. INSERM-CNRS Colloquium on 
Glycoconjugates, Aussois (France), 1986, 
Abstract 
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Bacterial urinary assay for monitoring 
exposure to cyclophosphamide 
M. DUVERGER-VAN BOGAERT, C. STECCA, A. 3RAMS, 
A. LEONARD 
XVIth EEMS Meeting, Brussels, August 25-30, 
1986, Abstract 56 

Spatial relationships between late damages 
after X-irradiation and the zones of 
gliogenesis in the adult rat brain 
E. GIANFELICI de REYNERS, H. REYNERS, J.R. 
MAISIN 
20th Annual Meeting of the European Society 
for Radiation Biology, Pisa (I), September 
1986, Abstract C9 

Fate of exogenous DNA and transformation in 
higher plants 
Y. HIRATA, L. LEDOUX 
Proc. Ann. Meeting of Japan Soc. Breed., 1986, 
Abstract 7 

Graft-induced change in pepper and eggplant 
Y. HIRATA, N. YAGISHITA, L. LEDOUX, M.E. 
THIRY, L. DIELS 
Proc. Vlth Eucarpia Meeting on Genetics and 
Breeding on Capsicum and eggplant, 1986, 
20-23 

Implications physiopatholoqiques de la 
modification expérimentale de; glycoprotéines 
de membrane 
R. HOOGHE 
Thèse d'agrégation de l'enseignement 
supérieur, Université Libre de Bruxelles, 
1986 

An immunological cross-reaction between 
beta-lactamase from Ê  coli and chicken 
ovalbumin 
R. HOOGHE, F. VANDER PLAETSE, J. VANKERKOM, L. 
LEDOUX 
Arch. Int. Physiol. Biochim. 94 (1986) 79 

Studies on the mutagenicity and teratogenicity 
of heavy metals 
P. JACQUET, Gh. DEKNUDT, A. LEONARD, G.8. 
GERBER, L. FABRY 
In : 0. Rondia (Ed.), Belgian Research on 
Metal Cycling in the Environment, Presses 
Universitaires de Liège, pp. 411-419, 1986 

Experimental studies on technetium transfer to 
man, via the food chain, following a 
contamination of the soil surface 
R. KI.vCHMANN, E. FAGNIART, M. VAN HEES, R. VAN 
BRUWAENE, G.B. GERBER, J. COLARD, M. COGNEAU 
Proc. Int. Symp. on "Emergency planning and 
preparedness for nuclear facilities", Rome 
(Italy) November 4-8, 1985, IAEA-SM/280-34 P, 
IAEA, STI PUB 701 : 343-345, 1986 

Comparative studies on food chain pathways for 

tritium transfer to man following accidental 
exposure to tritium oxide 
R. KIRCHMANN, G.B. GERBER, E. FAGNIAR', R. VAN 
BRUWAENE, J. VAN DEN HOEK 
Proc. Int. Symp. on "Emergency planning and 
preparedness for nuclear facilities", Rome 
(Italy) November 4-8, 1985, IAEA-SM/280-34 P, 
IAEA, STI PUB 701 : 345-348, 1986 

Accidental release of elemental tritium gas 
and tritium oxide models and in situ 
experiments on various plant species 
R. KIRCHMANN, G.B. GERBER, E. FAGNIART, C M . 
VANDECASTEELE, M. VAN HEES 
In : Environmental and Human Risks of Tritium, 
G.B. Gerber, C. Myttenaere, H. Smith, eds., 
Radiation Protection Dosimetry 16 (1986) 
107-110 

Purification resins in reactor circuits as 
source for organic tritium 
R. KIRCHMANN, M. MEURICE-3CURD0N, E. FAGNIART, 
J. BINET, S. B0N0TT0 
In : Environmental and Human Risks of Tritium, 
G.B. Gerber, C. Myttenaere, H. Smith, eds., 
Radiation Protection Dosimetry 16 (1986) 
45-48 

Detection of mutagens in urine from rats 
orally treated with two derivatives of 
dipyrido imidazole 
M. LAMBOTTE-VANDEPAER, F. VAN KEERBERGEN, M. 
CRUTZEN-FAYT, A. LEONARD 
XVIth EEMS meeting, Brussels, August 25-30, 
1986, Abstract 66 

Evaluation of the short-term tests used to 
assess the production of genetic damages into 
mammalian germ cells 
A. LEONARD 
XVIth EEMS Meeting, Brussels, August 25-30, 
1986, p. 128 

Limitations and reliability of in vivo tests 
to assess the production of genetic damages in 
mammalian germ cells 
A. LEONARD 
Chlmica Oggi, August 7-8, 17-22, 1986 

Résultats d'un contrôle biologique effectué 
sur des travailleurs de centrales électriques 
en fonctionnement normal et perspectives 
d'utilisation de la méthode en cas d'accident 
A. LEONARD 
In Causes et Conséquences de l'Accident 
Nucléaire Majeur, Colloque held in Liège, 
September 26-27, 1986, pp. 357-360 

Stratégie et interprétation des tests â court 
terme 
A. LEONARD 
Ann. Biol. Clin. 44 (1986) 662-664 
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The influence - positive or negative - of 
small radiation doses on l iv ing organisms 
A. LEONARD 
Nuclear Europe 12 (1986) 9-11 

Potentialités mutagènes des diverses formes de 
production d 'é lectr ic i té 
A. LEONARD, Gh. DEKNUDT, E.D. LEONARD 
Bul l . Acad. Sciences 71 (1986) 10-25 

Valeur et limites des tests à court terme 
ut i l isés pour le contrôle des propriétés 
génotoxiques des substances chimiques 
A. LEONARD, C. de MEESTER 
Arch. B. Med. Soc. Hyg. Med. Trav. et Med. 
Lég. 44 (1986) 210-216 

Mutagenicity, carcinogenicity and 
teratogenicity of zinc 
A. LEONARD, 6.B. GERBER, F. LEONARD 
Mutation Res. 168 (1986) 343-353 

Survival and disease incidence in male Balb/c 
and C57BL mice after single, fractionated 
gairnia or d(50)-Be neutron exposure 
J.R. MAISIN 
20th Annual meeting cf the European Society 
for Radiation Biology, Pisa (Italy), September 
15-19, 1986, Book of Abstracts 

Hi?h level spontaneous mutagenesis revealed by 
survival at non-optimal temperature in 
Alcali genes eutrophus CH34 
M. MERGEAY, A. SADOUK, L. DIELS, M. FAELEN, J. 
GERITS, J. DENECKE 

Arch. Int. Phys. Biol. 94 (1986) 8146 

Irradiation prénatale du rat à très faible 

dose de rjyons X : lésions de la substance 
blanche 
H. REYNERS, E. GIANFELICI de REYNERS, R. 
HOOGHE, J . VANKERKOM, J.R. MAISIN 
C.R. Soc. Biol . 180 (1986) 224-228 

Source terms of t r i t ium 
P. R0CC0, R. KIRCHMANN 
In : Environmental and Human Risks of Tritium 
G. Geroer, C. Myttenaere, H. Smit, eds., 
Radiation Protection Dosimetry 16 (1986) 49 

Influence of manganese on the gastrointestinal 
absorption of cadmium in rats 
M.J. SARHAN, H. R0ELS, R. LAUWERYS, H. 
REYNERS, E. GIANFELICI de REYNERS 
J. Appl. Toxicology 6 (1986) 313-316 

Analysis of the genome of plants transformed 
with pBR plasmids applied to germinating 
seeds 
K.E. THIRY, L. LED0UX 
Arch, internat. Biochim. 94 (1986) 48 

Quantitative problems with murine colony 

forming u">'t:s of fibroblasts (CFU-f) from 
adult bone marrow 
R. VAN DEN HEUVEL 
Br. J . Cancer 53 (1986), suppl. V I I , 169-170 

Hemopoietic (CFU-s and CFU-c) and stromal 
(CFU-f) stem cells in yolk sac, l i v e r , spleen 
and bone marrow of pre- and postnatal mice 
R. VAN DEN HEUVEL, G. SCHOETERS, C. 
VANDERBORGHT 
Arch. B io l . 97 (1986) 376 

Similarit ies and differences in transfer of 
tr i t ium and carbon-14 along the food chain 
J . VAN DEN HOEK, G.B. GERBER, R. KIRCHMANN 
Proc. I n t . Symp. on Emergency planning and 
preparedness for nuclear f a c i l i t i e s , Rome 
( I t a l y ) , November 4-8 , 1985, IAEA-SM-280/61 p, 
IAEA STI PUB 701, 361-362, 1986 

Retention in young pigs of organically bound 
tr i t ium given during pregnancy and lactation 
M. VAN HEES, G.b. GERBER, R. KIRCHMANN, J . 
VANKERKOM, R. VAN 8RUWAENE 
In : Environmental and Hunan Risks of Tr i t ium, 
G.B. Gerber, v.. Myttenaere, H. Smith, eds. , 
Radiation Protection Dosimetry 16 (1986) 
123-126 

Density gradient centrifugation yields highly 
enriched PRL and RH secreting cells 
B. VELKENIERS, E. HOOGHE-PETERS, R. HOOGHE, K. 
VON KEMP, L. VANHAELST 
Proc. Meeting of the Endocrine Society, 
Anaheim (Cal i fornia , USA), July 1987, 
Abstract 

Acute acid exposure of rainbow trout Salmo 
gairdneri Richardson ; effects of aluminium 
and calcium on ion balance and haematology 
H.E. HITTERS 
Aquatic toxicology 8 (1986) 197-210 

6.9.2. Lectures 

The uptake of 241Am by the crayfish Astacus 
leptodactylus following intragastrical or 
intracardial injection 
J. BIERKENS, J.H.O. VANGENECHTEN, S. VAN 
PUYMBR0ECK, O.L.J. VAN0ERBORGHT 

Seminar on the cycling of long-lived 
radionuclides in the biosphere : observations 
and models. Madrid, September 15-19, 1986 

Technetium in coastal environments : field 
observations and laboratory experiments 
S. BONOTTO, D. van der BEN, F. CAPOT, J.M. 
BOUQUEGNEAU, M. COGNEAU 
International Symposium on Metals in Coastal 

Environments of Latin America, Rio de Janeiro, 
Brazil, August 3-*1, 1986 (paper presented by 
Mrs C. Karez) 



Metabolism of technetium in the giant 
unicellular alga Acetabularia 
F. CAPOT, M. COGNEAU, D. van der BEN, S. 
B0NOTT0 
5th Congress of the Federation of European 
Societies of Plant Physiology (FESPP), 
Hamburg, Federal Republic of Germany, August 
31 - September 4, 1985 

Chromosome aberrations in rabbit lymphocytes 
exposed to therapeutic ultrasound waves 
followed by a 5-bromo-2'-deoxyuridine 
treatment 
G. DECAT, A. LEONARD, H. MYNCKE 
XVIth EEMS meeting, Brussels, August 25-30, 
1986 

Response of mouse lung parenchyma to 
X-irradiation at different doses 
(stereological analysis) 
L. de SAINT-GEORGES, J.R. MAISIN 
20th Annual Meeting of the European Society 
for Radiation Biology, Pisa ( I t a l y ) , September 
15-19, 1986 

Transformation techniques in plants and 
studies of plant DNA 
L. DIELS 
Young Researchers Meeting, Liège, October 17, 
1986 

Bacterial urinary assay for monitoring 
exposure to cyclophosphamide 
M. DUVERGER-VAN BOGAERT, C. STECCA, A. BRAMS, 
A. LEONARD 
XVIth EEMS Meeting, Brussels, August 25-30, 
1986 

Spatial relationships between late damages 
after X-irradiation and the zones of 
gliogenesis in the adult rat brain 
E. GIANFELICI de REYNERS, H. REYNERS, J.R. 
MAISIN 
20th Annual Meeting of the European Society 
for Radiation Biology, Pisa (I), September 
1986 

Existence of a particular radiation-induced G2 
arrest in the mouse egg of the Balb/c strain 
S. GRINFELD, P. JACQUET 
XVIth Meeting of the EEMS, Brussels, August, 
1986 

The determination of technetium-99 in the 
brown marine alga Fucus spiral is collected 
along the Belgian coast 
C. HURTGEN, G. KOCH, D. van der BEN, S. 
B0N0TT0 
5th Symposium on Environmental Radiochemical 
Analysis, AERE Harwell, United Kingdom, 
October 1-3, 1986 

Studies on the block ef ' ,t induced 1n the 

Balb/c mouse zygote by X-rays 
P. JACQUET, S. GRINFELD 
Joint meeting of Association for Radiation 
Research and Netherlands Radiobiological 
Society, Oxford, April, 1986 

Oncogenes in radiation-induced osteosarcomas 
M. JANOWSKI 
Workshop on radiation-induced bone tumors, 
Bristol (U.K.), July 6-7, 1986 

Une minorité des Tymphomes thymiques induits 
chez le rat par un virus des radioleucoses 
murines présente une insertion à proximité de 
c-myc, et une majorité un nouvel ARN 
polyadénylé 
M. JANOWSKI, J.M. NUYTEN 
Joint meeting of the "Société Belge de 
Radiobiologie" and "Société de Biologie", 
Brussels, October 25, 1986 

Detection of mutagens in urine from rats 
orally treated with two derivatives of 
dipyrido imidazole 
M. LAMBOTTE-VANDEPAER, F. VAN KEERBERGEN, M. 
CRUTZEN-FAYT, A. LEONARD 
XVIth EEMS meeting, Brussels, August 25-30, 
1986 

Evaluation of the short-term tests used to 
assess the production of genetic damages into 
mammalian germ cells 
A. LEONARD 
XVIth EEMS Meeting, Brussels, August 25-30, 
1986 

Survival and disease incidence in male Balb/c 
and C57BL mice after single, fractionated 
gamma or d(50)-Be neutron exposure 
J.R. MAISIN 
20th Annual meeting of the European Society 
for Radiation Biology, Pisa (Italy), September 
15-19, 1986 

Genetic properties of Alcaligenes eutrophus 
CH34 and its plasmids 
M. MERGEAY, A. SADOUK, L. DIELS, D. NIES, M. 
FAELEN, H.G. SCHLEGEL 
EMBO Workshop Genetic Manipulation of 
Pseudomonads, Geneva, August 31 - September 4, 
1986 

In vitro mineralization 
G. SCHOETERS 
Eulep cell and molecular biology task group, 
Universitaire Stichting, Brussels, December 
12, 1986 

Am distribution in fetal haemopoietic 
organs of Balb/c mice 
G. SCHOETERS, R. VAN DEN HEUVEL, C. HURTGEN, 
J. COLARD 
Proceedings of workshop Age-related factors in 
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radionuclide metabolism and dosimetry. Anger, 
November 25-28, 1986 

Radiosensitivity of Am of bone marrow 
stromal cells in offsprings of contaminated 
mice 
R. VAN DEN HEUVEL, G. SCHOETERS, 0 . 
VANDERBORGHT 
Proceedings of workshop Age-related factors in 
radionuclide metabolism and dosimetry. Anger, 
November 26-28, 1986 

Autoradiographic study of technetium uptake by 

brown marine algae 
D. van der BEN, V. R0B8RECHT, F. CAPOT, G. 
NUYTS, A. BOSSUS, M. COGNEAU, S. B0N0TT0 
Vlaamst Vereniging voor Plantenfysiologie, 
Antwerpen, November 21, 1986 

Acid-base and ion balance in acid stressed 
channel catfish Ictalurus punctatus 
J.H.D. VANGENECHTEN, J.N. CAMERON 
8th Conference on Comparative Physiology of 
Environmental Adaptations, curopean Society 
for Comparative Physiology and Biochemistry, 
Strasbourg (France), August 31 - September 2, 
1986 
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7.2 NUCLEAR PHYSICS 

7.2.1 Neutron Spectrometry 

Joi .t SCK/CEN-CBNM-RUCA-RUG-VUB neutron cross-
sec ion programme 

7.^.1.1 Resonance parameters for structural 
materials in fast reactors : the isotopes 
58,60,61Ni 

G. Baracca (CBNM GEEL), A. Brusegan (CBNM 
GEEL), L. Mewissen and F. Poortmans 

The high resolution total cross-section 
measurements reported in the previous progress 
report have to be repeated with new samples. 
Indeed, the initial samples were made of a 
mixture of fine metal powder and small metal 
pieces canned in an aluminium cylinder. Though 
quite thick, their homogeneity was not suffi
cient. New samples will be made by melting the 
material and rolling to the required thick
ness. 

7.2.1.2 Neutron Data for fusion technology : 
measurement of the double differential neutron 
emission cross-section for the 'Li (n,xn) 
reaction 

E. Dekempeneer, (CBNM), H. Liskien, (CBNM), 
L. Mewissen and F. Poortmans 

The analysis of the second series of measure
ments with a sample thickness of 0.065 at/b is 
completed. Results have been obtained for the 
incident neutron energy range from 1.6 to 13.8 
MeV for average scattering angles of 24, 40, 
60, 90, 120 and 150 degrees. Our findings 
concerning the 7Li datô base may be summarized 
as follows. Concerning the angular distribu
tions of the sum of the (n,ng) and (n,nj) 
contributions, we find generally good agree
ment with recent evaluations (JEN0L-3, JEF-1, 
ENDF/B-5). Small deviations in the order of 
10 % are observed in particular for forward 
angles at energies from 7 to 14 MeV. The 
determination of the (n,n2) differential 
inelastic scattering cross-section was of 
particular interest since large inconsisten
cies concerning this process are found in the 
literature (discrepancies in the existing data 
are often as large as 5-10 times the quoted 
uncertainties). Simple physical model-calcula
tions have been done to determine the inderly-
ing neutron-continuum emitted through a 
three-particle direct break-up and a three-
partlde direct break-up and a sequential 
two-step (via 'He ground-state) process. Much 
attention was paid to give correct estimates 
of all possible uncertainty sources. The 
present uncertainties in the angle-integrated 
cross-section are in the order of 10-20 %. Our 

data appear to be systematically higher than 
the EN0F/B-5 evaluation by about 15 %. New 
measurements on 'Li are planned as soon as the 
construction of a new linac-target will be 
finished. This target will consist of a U-Be 
mixture and will produce a harder neutron 
spectrum than the presently used uranium 
target. There are two reasons for a remeasure-
ment. First of all we want to expand our data 
set beyond 14 MeV primary neutron energy 
towards 16 MeV. In this energy region, all 
recent evaluations still rely on optical model 
extrapolations with practically no experimen
tal data to compare with. Secondly, the 
presently obtained double-differential neutron 
emission data stop at a lower secondary 
neutron energy threshold of 1.5 MeV. At lower 
energies we had difficulties with an unstable 
pulse shape discrimination. We hope to lower 
this secondary energy threshold down to 0.7 
MeV by implementing an on-line control of the 
PSD-properties. 

7.2.1.3 Double differential neutron emission 
cross-sections for the n + 9Be reactions 

E. Dekempeneer (CBNM), H. Liskien (CBNM), L. 
Mewissen and F. Poortmans 

Beryllium is a possible candidate as neutron 
multiplier in a blanket of a fusion reactor. 
Calculating the tritium breeding rate in the 
blanket of the reactor requires detailed 
knowledge of the energies and angular distri
butions of the neutrons from beryllium through 
the elastic and various inelastic neutron 
interactions. A first series of experiments 
for double differential neutron emission 
cross-sections have been started. 

7.2.1.4 Application software for neutron 
spectrometry 

E. Cornells (RUCA), S. Oejonghe (CBNM), 
L. Mewissen, E. Mies 

The data acquisition system, developed in 
HP-Assembler, for the double-differential 
neutron cross-section measurements on 'Li, has 
been extended. For the 9Be measurements we 
incorporated a fourth parameter, the pulse-
height distribution of the emitted gamma rays. 
This additional spectrum of 256K words memory 
is built up besides the 512K channels for the 
neutron events, both registrated for 8 differ
ent scattering angles and for 32 time-of-
flight channels. 

A modification of the existing HP-Assembler 
code for total cross-section measurements, has 
been implemented. A 1 ns time coder in a 
standard CAMAC module has been extended with 
the necessary logic to registrate more parame-
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ters. This multiparameter multiplexer for 
time-of-flight delivers correlated amplitude 
and routing bits. For e?rh incoming event the 
data come out as 4 words of 16 bits and are 
gathered in the CAMAC double data buffer. 

7.2.1.5 Study of the 41Ca (n,o) 38Ar reaction 

C. Wagemans (NFWO/FNRS, R.U. Gent & SCK/CEN, 
H. Weigmann (CBNM, Geel), P. Schillebeeckx and 
A.D'Eer (R.U. Gent & SCK/CEN, J.P. Bocquet 
(ILL, Grenoble) 

The **Ca (n,a) 3**Ar reaction is being studied 
at an intense thermal neutron beam of the 
ILL'S High Flux Reactor, using a 81.7 % 
enriched **Ca sample. Intense (n,ao) and 
(n,aj) transitions with an energy of 4.72 MeV 
and 2.76 MeV have been observed, for which 
reaction cross-sections of about 40 mbarn and 
140 mbarn resp. have been determined. Besides, 
several (n.yao) transitions have also been 
detected. These measurements are being con
tinued to increase the statistical accuracy on 
the (n.Yao) transitions. At Gelina, the tests 
with a gas flow ionization chamber have been 
continued, and measurements with resonance 
neutrons will be started soon. 

7.2.2 Studies on nuclear fission 

(Joint SCK/CEN - CBNM - RUG programme) 

7.2.2.1 Fission cross-section measurements at 
very low energies 

Contributors in alphabetical order : 
A. De Ruytter (R.U.Gent), M. Nève de 
Mâvergnies, C. Wagemans (NFWO) and coworkers, 
A. D'Eer (RUG), P. Geltenbort (ILL, Grenoble), 
M. Moore (Los Alamos) 

At Gelina, the 3 Pu (n,f) cross-section has 
been measured down to 1 meV neutron energy. A 
measurement of the 33U (n,f) cross-section is 
being prepared. Both results will be analysed 
simultaneously with our previous measurements 
of the 23nJ (n,f) cross-section. 

A first series of measurements has been 
performed at an intense cold neutron beam 
(1.3 x 109 n/cm2.s, En = 8 meV) of the ILL, 
Grenoble. A preliminary value of 1.44 + 0.33 
has been obtained for the isomer to ground-
state fission cross-section ratio Of[ U) / 
erfÇ ^U)- A new series of measurements is 
planned in the spring at a 10 times stronger 
thermal neutron beam. 

7.2.2.2 Study of fission fragments 

A. De Ruytter (CBNM Geel), P. Schillebeeckx 
(R.U. Gent), C. Wagemans (NFWO/FNRS, R.U. Gent 
& SCK/CEN), P. Geltenbort, J.P. Bocquet (ILL, 
Grenoble), F. Gbnnenwein (U-'iv. Tubingen) 

A second experimental campaign has been 
performed at the Cosi Fan Tutte spectrometer 
of the ILL (Grenoble). About 500 000 events 
have been recorded with a mass resolution of 
0.6 % and an energy resolution of 0.5 Ï. The 
analysis of these data is in progress. 

In the frame of a systematic study of the 
fission fragment mass and energy distributions 
of the plutonium isotopes, a measurement of 
the 236Pu (s.f.) reaction relative to 2 3 9Pu 
(ntn,f) has been started at the BRI reactor. 

The study of the triton and alpha emission in 
the ternary fission of 243Am (ntn,f) has been 
continued at the High Flux Reactor of the ILL 
(Grenoble). 

7.2.3 Nuclear Spectroscopy 

7.2.3.1 Neutron capture gamma-rays with 
Ge-detectors 

P. Fettweis, J.C. Oehaes (ULB) 

Due to a combined action of gravity and 
corrosion, the drum containing the Bi-mono-
crystalline neutron filter was blocked. To 
repair, it had to be extracted from the Rl 
beam hole of BRZ, repaired, re-introduced and 
re-adjusted, so that no experimental work 
could be performed during the last half-year. 
On the other hand, the new HP-1000 A-600 
computer has been brought into full operation. 
Several programmes used for data storing 
(direct spectra and coincidence matrix) and 
data analysis (projection of selected coinci
dence spectra, peak integration etc.) have 
been implemented. These allow a follow-up 
of the experiments during data-acquisition 
while the final analysis is done off-line on 
the IBM mainframe. Finally we obtained from 
F. Hoyler (ILL-Grenoble) a list of gamma-rays 
due to the reaction '5As (n,y) '°As, the 
energies (0.001 keV s a s 0.01 keV). With the 
help of the earlier established coincidence 
relations, 164 of these lines could be placed 
in a scheme showing 66 excited levels, the 
energies of which were calculated by least 
squares fitting with an accuracy of 0.001 
keV s a s 0.01 keV. A comparison between this 
level scheme and those established earlier 
solely on the basis of y-y coincidences or 
Ritz-combinations shows clearly that only a 
combination of both methods can lead to a 
consistent level scheme and underlines the 



interest of having around BR2 both instru
ments, a coinc.dence and a curved crystal 
spectrometer (see 7.2.3.3.). 

7.2.3.2 Photon scattering experiments at the 
BR2-reactor 

R. Nolte, F. Schöder, M. Schumacher (Zweites 
Physikalisches Institut, Univ. Göttingen) and 
P. Fettweis 

The elastic scattering experiments on 20*Bi 
have been completed and will be part of a 
Ph.D.-thesis (RN). The activities, more 
particularly nuclear Raman scattering exper
iments, will be resumed after extraction of 
the GSB experiment foreseen for the beginning 
of 1987. 

7.2.3.3 Neutron capture gamma diffraction 
spectroscopy 

E. Kaerts, (IIKW bursar, IKS, K.U. Leuven) 
P.H.M. Van Assche, S. Kerr, F. Hoyler, 
H. Borner, (ILL Grenoble), R.F. Casten, 
O.O.Warner (BNL, New York) 

The results of thermal and resonance neutron 
capture y-ray experiments on an enriched 16 Dy 
target were used to construct the level scheme 
for ^ 5 D y . A total of 420 transitions could be 
identified between 59 levels below 1650 keV. 
Most of the levels observed in the Average-
Resonance-Capture (ARC) and the pair spectro
meter measurements could be confirmed by 
application of the Ritz Combination Principle. 
Up to 1465 keV, the level scheme is expected 
to be rather complete for J = 1/2 and 3/2 
levels with either parity. Below 1250 keV, 13 
rotational bands could be identified and the 
bandheads interpreted in terms of single 
particle and vibrational excitations. In the 
near future, a further theoretical study of 
16'Dy will be performed. 

7.2.3.4 The reaction l5z>lZ3G4 (n,y) 

A.M.J. Spits, P.H.M. Van Assche, S.J. Robinson 
(ILL, Grenoble) 

Ht the ILL, Grenoble, an investigation has 
been performed of single and double neutron 
:apture in 152Gd, complementary to previous 
jxperiments on the same reactions but covering 
Jifferent energy ranges. In the range 
[400-2600 keV and with a large-volume Ge(Li) 
Jetector, many additional weak gamma lines 
jertaining to one of the above reactions were 
round, which will help in the identification 
)f some levels. The spectrum accumulated in 
:he range 1-9 MeV with the pair spectrometer 
s by far superior to the one taken earlier as 
•egard resolution and counting statistics. It 

l i e n r>r» iy iJpf a ^ho^Jf rtn r n n t a n i n a p t l i n p c r>4 
156Gd and a better control en the intensity 
calibration at the entire spectrum of y-rays. 

7.2.3.5 The reaction 156Gd 'n,y) 

A.M.J. Spits, S.J. Robinson (ILL, Grenoble) 

Spectra have been taken at the ILL, Grenoble, 
of the y-radiation following single and double 
capture in ""Gd. The high flux of this 

(3-5 reactor 10 14 n cm 
flux 

s"1) ensures a 
sufficient burn out of the high cross-section 
isotopes l55Gd and 157Gd, As the reaction 
157Gd (n,y) has been investigated before 
(R.C.Greenwood et al., Nucl. Phys. A304 
(1978) 327), the list of 158Gd energies and 
intensities may be used to substract from the 
spectra analytically generated peaks represen
ting 158Gd lines. In the low-energy range 
(60-220 keV) about 340 y-rays which may be 
ascribed to ^'Gd were found, in the high-
energy range (4500-6400 keV) about 120. A 
157Gd level scheme has been constructed with 
60 levels. A first attempt to interpret levels 
following the band structure of the Nilsson 
model has been made. 

7.2.3.6 Nuclear Spectroscopy of 154Eu 

M.K. Balodis, P.T. Prokofjev, N.D. Kramer, 
L.I. Simonova (Physics Institute, Latvian SSR 
Academy of Sciences, Riga), K. Schreckenbach, 
W.F. Davidson, J.A. Pinston (Institute Laue-
Langevin, Grenoble), P. Hungerford, H.H. 
Schmidt, H.J. Scheerer, T. von Egidy 
(Technical University of Munich), P.H.M. Van 
Assche, A.M.J. Spits (S.C.K./C.E.N.), R.F. 
Casten, W.R. Kane, D.D. Warner (Brookhaven 
National Laboratory), J. Kern (University of 
Fribourg) 

This long-term effort, started in 1974 with 
neutron capture experiments by P.T. Prokofjev, 
(Riga), at the I.L.L. and developed into a 
6-institute collaboration, involving 17 scien
tists from 8 different countries. The manus
cript was finalized and submitted for publica
tion, with the following abstract: the struc
ture of the doubly-odd nucleus ^*Eu was 
investigated uiing neutron capture and (d,p) 
reactions on * " E U . The low-energy y-ray and 
conversion electron spectra from thermal 
neutron capture, as well as the y-ray spectrum 
for primary energies up to 6.5 MeV, were 
measured with preefsion instruments at the 
Institut Laue-Langevin, Grenoble. The multlpo-
larities were determined for most of the 
detected low-energy transitions. The (n r e s, 
yhigh) spectrum measurements with 2 keV, 2 eV 
and 3 eV neutrons were performed at Brookhaven 
National Laboratory for primary transitions 
leading to the 0-600 keV excitation energies. 
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The l5jEu (d,p)1J*Eu reaction was measured 
with thr Q3D spectrograph at TU Munich. A 
level . ente below 600 keV excitation energy 
comprising 99 levels was deduced and the 
parities and most probable spin values were 
determined from the experimental data. The 
low-lying levels were interpreted as due to 
the two-particle Nilsson configurations, 
talcing into account three proton orbits and 
nine neutron orbits, as observed in neigh
bouring nuclei. The level scheme is construc
ted in two steps: first, relying only on 
experimental data, and second, introducing 
some extra model-dependent arguments. As a 
result the 99 levels could be classified into 
28 distinct rotational bands. 

7.3 NEUTRON SCATTERING BV CON0ENSED MATTER 

7.3.1 HIBEMOL Spectrometer 

S. Hautecler, E. Legrand, W. Wegener, 
P. D'Hooghe, J. Brouwers, G. Coddens 
(IIKW/IISN, U.I.A. Antwerpen) 

The overall performances and reliabil i ty of 
the time-of-flight spectrometer MIBEMOL 
implanted at the ORPHEE reactor of CEN Saclay 
have been improved, in particular by adding 32 
3He detectors at low scattering angles and by 
replacing the old Al chopper discs by fibre 
glass dises. Besides measurements in the 
framework of the above-mentioned studies, this 
spectrometer has been used extensively for the 
investigation of hydrogen diffusion in amor
phous Pdj Six alloys (G. Driessen, UIA and 
KFA Julich) and by several French groups in 
the frame of the agreement between CEN/SCK and 
CEA. 

7.3.2 The Time-of-Flight (TOF) spectrometer at 
the R2 beam of the BR2 reactor 

P. D'Hooghe, W. Wegener 

A new TOF analyser has been developed for this 
instrument in order to replace the old multi
channel analyser. The hardware consists of the 
CAMAC system already in use at the MIBEMOL 
spectrometer in Saclay. Via a double data 
buffer, the channel addresses are sent to a 
PC10 personal computer. A much more flexible 
choice of experimental parameters (number of 
channels channel delay etc.) is possible with 
this new configuration. The software for the 
PC10 has been written in FORTRAN and Assembler 
and comprises besides the main routine (run
ning a measurement and building-up spectra) 
many other facilities: convenient parameter 
input, displaying spectra during a measuro-
ment, combination of spectra, etc. Furthermore 
the PC10 can emulate a 3270 terminal and 
exchange directly data with the main frame of 

the central computer of SCK/CEN. 

7.3.3 Quantum excitations in ̂ .„(NH^),, mixed 
crystals 

C. Bostoen (U.I. Antwerpen), W. Wegener, 
S. Hautecler, E. Legrand 

This mixed system is stable in its FCC phase 
down to 4 K for x < 0.5. Heidemann et al. 
(1983) have observed that with (x=0.023), the 
ammonium groups perform rotations which are 
close to free rotations. Our intention is to 
study concentration dependence of the line 
spectrum. We started to study the preparation 
of these mixed crystals (X-ray measurements, 
D.S.C. measurements). So far we performed 
measurements with neutrons (T0F-BR2) on a 
mixed crystal (x=0.043) at temperatures of 4K 
and 22K. However, our resolution is not good 
enough to perform a quantitative analysis. 
Measurements at higher concentrations are 
planned (T0F-BR2 and M7BEM0L Orphée) 

7.4 RADIATION DOSIMETRY AND CONTROL MEASURE
MENTS 

7.4.1 Personal dosimetry 

7.4.1.1 Direct methods 

J. Colard, J.P. Culot 

A total of 490 examinations have been perform
ed in routine for the survey of radioactive 
body burdens : 

- 457 whole body examinations ; 
- 5 thyroid measurements for iodine isotopes 
assessment ; 

- 1 wound counting for Pu contamination ; 
-11 lung measurements with the Xe-CH4 

proportional counter for Pu detection ; 
- 3 lung measurements with the thin Nal 
detector for '41Am ; 

- 13 lung measurements with the large Nal 
det?ctor for U and Th detection. 

Weak body contaminations have been detected in 
38 cases by radionuclides such as : Co, 
1 2 5 I , 1 3 1I 1 9 8Au, always far below the ref
erence level. °°Co is mainly present in people 
involved in maintenance works around the 
reactors. 

It must be pointed out that, as a consequence 
to the'Chernobyl accident, the isotopes " Cs 
and 137Cs are now present in the food chain. 
At the end of 1986, the 137Cs body burden 
reached a mean level of 140 Bq in workers 
without occupational exposure. One must remind 
that the mean *3 Cs body burden in 1964, after 
stopping of the nuclear weapon tests in the 
atmosphere, was 820 Bq, delivering an effec-
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tive dose equivalent of 5 uSv or 3 ~,reir, during 
th.. year. At present, Cs is also present 
with an activity ratio 134Cs/137Cs - 1/2. Th* 
presence of these 2 Cesium isotopes in the 
body disturbs the direct assessment of Pu in 
the lungs, when counted with our large Xe-Cfy 
proportional counttr. In the absence of 
co -ection factors, the Pu results are strong
ly overestimated. The same conclusion was 
drawn for measurements with phoswich detectors 
by laboratories in the MSA and FRG, and these 
claimed that, in suci conditions, it is not 
possible to report reliable results. 

7.4.1.2 Indirect methods 

Section low-level measurements 

Sample measurements 

During the second semester of 1986 about 1000 
urine and nose-blow samples were analysed : 
- z"Ra : 10 determinations ; 
- a-emitter actinides : 749 determinations ; 
- complex mixtures of actinides (two or more 

actinides simultaneously present) : 68 
determinations -, 

- uranium by fluorimetry : 251 determination*; 
- 3H : 62 determinations ; 
- '"pu : 55 determinations ; 
- o-activity in nose blow samples : 42 deter
minations. 

About 26 % of these determinations were 
performed on request of the Health Physics 
Department of SCK-CEN. 74 % of these deter
minations concerns support given at the 
request of BELGONUCLEAIRE, FBFC, CBNM, the 
Belgian Universities, Metallurgie hoboken-
Overpelt, etc. 

7.4.2 Nuclear Spectrometry Measurements 

Section Nuclear Spectrometry 

7.4.2.1 Supporting measurements 

A total of 2549 samples have been measured by 
gamma spectrometry as a support to various 
departments from CEN/SCK, for health physics 
survey, operational control of the reactors, 
environmertal survey research contracts or on 
request from the industry (activation analy
sis) for the survey of the foodstuff conta-i-
nation by the fallout of Chernobyl. 

The mean purposes z* these analyses were : 
- health physics, environmental and 

reactor survey 31 % 
- radiobiology (research and contracts) 46 i 
- inquiries from external laboratories 14 % 
- waste controls 7.5 % 

145 measurements concerned samples for activa
tion analysis on request from the industry. 
453 samples have been measured, as follow-up 
of the Chernobyl accident and 112 samples from 
foodstuffs were analyzed on request of the 
food industry. 
Most results for 134Cs and 1 3 7Cs were far 
below the linr't adopted by the CEE, i.e. for 
the sum of both activities : 600 Bq/kg for 
normal food and 370 Bq/kg for milk or other 
babyfood. 

Highest results were obtained with one sample 
of wheat (1770 Bq/kg) and with samples of 
hazel-nuts (380 Bq/kg) and fruit sirup (380 
Bq/kg), all foreign products. 
Important activities were also detected in 
wild products such as raspberries jam (400 
Bq/kg) and edible mushrooms. A systematic 
study showed large differences from one 
species to another (from 3 Bq/kg up to 860 
Bq/kg). 

7.4.2.2 Instrumentation 

Efficiency curves for the low-background Ge 
detector of 30 I relative efficiency have been 
determined for 3 volumes of samples : 2,7 1 
(Marinel1i Beakers), 250 ml, 20 ml, and for 2 
plastic boxes of 20 and 100 ml with correction 
factors for the filling level. 
This detector has been routinely used, mainly 
for measurement of radioactivity in foods or 
for programs for the survey of contamination 
of sea algae and sea animals. 
For the cooperation with the CREN-laboratories 
at Kinshasa (Zaire), a technician specialized 
in instrumentation maintenance of nuclear 
spectrometry equipment has been sent on a 
mission. It has been observed that, although 
the working conditions remain difficult, the 
main part of the service for gamma spectro
metry was still operational since the previous 
mission. 
The reactor of the CREN being also more avai
lable, this laboratory is now involved in 
programs for activation analysis. 

7.4.2.3 Intercomparison campaign 

A report concerning an intercomparison orga
nized by the World Health Organisation on a 
sample of low activity liquid effluent, shows 
that our results agree within 10 % with the 
mean value of all laboratories. 
Our measurements were performed following our 
standard routine y spectrometry method. 

7.4.2.4 Preparation of radioactivity standards 

78 radioactivity sources or solutions have 
been calibrated by absolute activity measure
ment techniques on the following radionucli-
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des : 22Na, 51 C r 54M
 57Co. 6 0Co, . ? > , 

1Ö6R U, 109Cdi 133Ba> 134Cs> 137CSi i5<E(J> 
241Am. The sources have been supplied for the 
needs of the CEN/SCK and for other institu
tions. 

7.4.3 Radiochemical Measurements 

Section low-level measurements 

7.4.3.1 Radioactive fall-out 

As previously, airborne dust and rainwater 
were sampled daily on the SCK/CEN site at Mol 
and at Koksijde. The total alpha and beta 
activities were measured within five days 
after sampling. In addition, the Sr activity 
was measured for both dust and rainwater 
samples collected over one month. 
The activity in all samples was low. 
For the dust samples, the mean monthly alpha 
activities varied between 5 and 200 uBq.m , 
the beta activities varied between 0.40 and 
2.2 mBq.m"3 and the 9 0Sr activity between 1.3 
and 17.2 uBq.m"3. 
For the rainwater samples, the mean monthly 
alpha activities varied between 0.6 and 290 
mBq.l-1. The mean monthly beta activities 
varied between 0.4 and 3.66 Bq.l and the 
monthly 90Sr activities between 1 and 21 
mBq.l"1. 
These values are very similar to those measur
ed during 1985 and the activity levels at Mol 
were not significantly different from those 
observed at Koksijde. 

7.4.3.2 Food chain 

9^Sr and 13 Cs activities were measured in 31 
food samples taken from all over Belgium by 
the I.H.E. The range of 90Sr contamination 
values found are given in table 7.4.1.2. The 
results were also made available to the 
Radiobiology Department for further analysis. 
9"Sr was not detected in meat and fish sam
ples. 

Table 7.4.1.2 
Extreme values of Sr measured in samples of 
alimentary chain (from July to December 1986) 

Maximum values Minimum values 

Type of mBq/kg mBq/kg mBq/kg mBq/g Ca 
food 

M1lk 128 142 54 53 
Vegetables 195 1080 47 390 
Potatoes (1 sample only) 61 824 
Flour 111 580 79 420 

7.4.3.3 Biological Cycle 

About 130 measurements were carried out on 
samples originating from different sites. 
Exchangeable and bound organic H, 9 Sr and 
22°Ra were measured in these samples and the 
results were made available to the Radiobiolo
gy Department for further analysis. 

7.4.3.4 Site Survey 

About 300 samples of surface water from the 
SCK/CEN site were checked for 3H and 139 for 
alpha and beta. These results were Fade 
available to the Health Physics Department for 
further analysis. 
Weekly, * 3 M was measured radiochemical^ in 
daily milk samples taken at 4 different loca
tions around the site. 

Nete River Basin survey 

About 350 routine samples were checked for 
global alpha and beta activity, 3H, 90Sr, 

Ra • 
The results were made available to the Health 
Physics Department for further analysis. 

7.4.3.5 Other Radiochemical Measurements 

BR2 and BR3 reactors and associated facili
ties : 
Weekly and monthly samples of both BR2 and BR3 
water were checked for global alpha, Pu and 3H 
activities. At BR2, 8 to 10 daily samples were 
measured to control the 3H activity in the 
air. 

Waste disposal plant : 
Weekly samples of effluents were checked for 
Pu, U, Am, 9t*Sr, 3H, and global alpha and beta 
activities. Four samples were checked daily 
for 3H activity. Monthly samples were checked 
before treatment for Pu, 90Sr and 3H activi
ties. 

Sewers : 
About 692 global alpha aid beta activity 
measurements, 135 3H and 49 1 C measurements 
were carried out for routine control of the 
sewers of S.C.K./C.E.N. 

Dating measurements •. 
* C dating was performed in umtergroundwater 
samples for the Geological Disposal Programme 
(4 radiocarbon analyses) and in 6 samples of 
hydrothermal deposits (Fomulac, ZaTre). 

Radiobiological measurements : 
- In the field of a contractual ecological 
study we have received 253 samples from the 
Scheldt river. Analyses of 2 2 6Ra, 2 1 0Pb and 
1 Po are in progress. 
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- 11 samples of different types of foodstuffs 
(such as barley, wheat, ...) were measured 
in emergency for total beta activity, Sr 
on request of a food analysis firm which 
deals with exportation products. 

7.5 SAFEGUARDS 

7.5.1 Optimization of Safeguards Measures in 
mixed oxide fuel fabrication plants 

P. Bemelmans 

In relation to this topic SCK/CEN has been 
collaborating as a consultant in the develop
ment of a plant simulator by JRC, ISPRA. On 
account of the experience already gained in 
representing the material flows and the 
measurement structure at the MOX fabrication 
plant, a number of new features were recommen
ded to conform to the reality of the plant 
operation. These features fall into two broad 
classes: 
i) those relating to the control of material 

transfers (programme stops and restants 
without transients, deviations from 
nominal flow rates, multiple outputs and 
multiple inputs, inputs from the exte
rior, definition of initial conditions, 
discontinuous processes); 

ii) those relating to the measurement struc
ture (structure of items and batches, 
correlated instruments cancelling entries 
in the material balance, calibration 
errors, sampling errors, uneven elemental 
and isotopic factors). 

A report has been prepared and submitted to 
the Commission to recapitulate these various 
points. When all the desired features are 
operational, the use of the simulator should 
greatly facilitate further parametric studies. 

7.5.2 Measurement Technology 

7.5.2.1 Non-destructive measurements of the 
isotopic composition of Pu samples by high 
resolution gamma-ray spectroscopy 

P. Fettweis, A. Meyer, F. Quick (CBNM) 

The study contract CBNM/ST/84-65- CEN/SCK 4280 
17/449 has been completed. A new set of 
correction factors for the isotope ratios was 
dete-mined with the help of the PuOj reference 
samp'.es. These factors should be used in 
conjunction with peak-integrations performed 
by the programme "SMOOTH", consisting of 
channel by channel summations, the back-ground 
being approximated by successive smoothing 
(see Table 7.5.2.1a). These correction factors 
are used to correct the experimental isotopic 
ratios of unknown samples measured under 

similar experimental conditions as the re
ference samples. The corrected values then 
form the basis for the calculation of the 
isotopic compositions. 

Table 7.5.2.1a 
Experimental correction factors for the 
determination of isotope ratios. All integra
tions are performed by "SMOOTH". 

ISOTOPE RATIO 

61 % 

238/241 0.965 
239/241 0.982 
240/241 0.898 
AM-241 0.946 

CORRECTION T.'.C 

70 « 

0.968 
0.986 
0.885 
0.968 

a 
MEAN 

0.9665 
0.9840 
0.8915 
0.9570 

TOR 
b 

84 % 

0.974 
0.999 
0.991 
0.923 

a) Mean value used for high burn-up material 
b) For low burn-up material 

They have been applied with great success to 2 
samples of different isotopic composition but 
measured under similar experimental conditions 
as those used for the standard samples. The 
peak integrations were performed by "SMOOTH". 
The results are summarized in Table 7.5.2.1b 
showing that sub-percent agreements with the 
Mass Spectrometer (MS)-values for isotope ra
tios and compositions can be obtained, even if 
relatively simple peak integrations are used. 
This aspect is particularly important for 
field applications. 

Table 7.5.2.1b 
Isotopic composition of high and low burn-up 
Pu02- Gamma versus MS results from uncorrected 
and corrected isotope ratios. The correction 
•^ctors were taken from Table 7.5.2.1.a. All 
integrations have been performed by "SMOOTH" 

ISOTOPE RATIO UNCERTAIN-
AND COMPOSITION TIES 

(MS-VALUES) (2s) 

GAMMA/MS 

238/241 
239/241 
240/241 
Am-239 
Pu-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 
Am-241 

0.189 
7.200 
3.144 
0.067 
1.484 

56.625 
24.724 
7.864 
5.514 
3.790 

0.20 
0.16 
0.20 
0.20 
0.20 
<10 

0.958 
0.982 
0.894 
0.952 
1.000 
1.025 
0.933 
1.044 
-

0.976 

0.991 
0.998 
1.002 
0.995 
0.992 
0.999 
1.004 
1.001 
. 

0.994 
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ISOTOPE RATIO UNCERTAIN-
ANO COMPOSITION TIES 

(MS-VALUES) (2s) 

GAMMA/MS 

238/241 
239/241 
240/241 
Atf-?39 
Pu-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 
Am-241 

0.086 
55.400 
13.190 
0.013 
0.122 

78.187 
18.619 
1.411 
0.642 
1.020 

2.00 
0.06 
0.21 
0.20 
0.20 
<10 

0.949 
0.997 
0.982 
0.917 
0.956 
1.004 
0.988 
1.007 
-

0.921 

0.975 
0.998 
0.991 
0.994 
0.978 
1.002 
0.994 
1.003 
-

0.995 

A : Uncorrected values 
B : Corrected values 

7.5.2.2 Non-destructive determination of the 
enrichment of UFg samples 

P. "ntweis, R. Carchon, R. Zarucki (IAEA fel
low) 

The enrichment of a U-sample infinitely thick 
for the 185 keV gamma-ray can be obtained by 
the so-called "enrichment meter technique" 
consisting in a comparison of the 185 keV 
gamma counting rate of an unknown sample with 
that of a reference sample. In order to test 
this method, we have participated in the 
REIMP, UF6-I986 exercise ("Regular European 
Interlaboratory Measurement Evaluation Pro-
grannie, organized by CBNM, Geel). The aim of 
this exercise was to determine the enrichment 
of a UFg sample with the help of a set of 5 
U 30 8 samples of various enrichments (0,32 to 
4.51 at. % of 2 3 5 U ) . The method has first been 
tested by comparing the enrichments of the va
rious reference samples and has then been 
applied to the unknown UFg sample. The data 
are presently collected and evaluated by CBNM. 

7.5.2.3 
fuel 

The non-destructive assay of spent 

R. Carchon, G. Smaers 

The experiments carried out at Tihange 1 nu
clear power station and published as BLG-589, 
have been presented at the IAEA Safeguards 
Conference. Some claim has been put on the 
corrections that have been applied on the neu
tron data: a correction for the 2 T m fraction 
and another one to take care of different ini
tial enrichment. 

Although the procedure followed for the data 
treatment was found successful in predicting 
burn-up and Pu-content in this particular 
case, the question about the universality of 
this technique was raised. In order to look 

for a solution, several computer codes were 
investigated: 
- the FISPR code, developed at the Nuclear po
wer plant Research Institute Jaslovské 
Bohunice (CCSR), » « run on an HP85 by OCX-
Luxemburg; 

- the BUNECO code, developed at the same In
stitute, was made IBM-PC compatible and im
plemented; this code makes the same reactor 
physics calculations but programming was 
made in a user-friendly way; 

- the ORIGEN-2 code, developed at Oak Ridge, 
was run on the IBM 4341. 

The FISPR and BUNECO codes were limited to 
initial enrichments of 1.6, 2.4 and 3.6 % so 
that the correct value was obtained can show 
differences of 12 ï. A statistical analysis 
will be made to discover possible systematic 
effects in the discrepancies, and their influ
ence on the experii.,."'cal data. 

7.5.2.4 Study of the mechanical and electronic 
performances of the I0N-1-F0RK sys*.em 

P. De Baere, R. Carchon 

The I0N-1-FORK detector system for the non
destructive assay of spent fuel assemblies 
(PWR and BWR) has been studied to improve its 
operation during inspections at the spent fuel 
ponds of the visited nuclear installations. 
The proposed configuration uses two miniature 
hybrid preamplifiers in a lead shield directly 
incorporated in the FORK detector head itself, 
allowing the use of very short interconnection 
cables. Together with a quick release clamp 
system to join the supporting pipes and a 
junction box with diagnostic indication cir
cuits, this configuration has the following 
advantages: 

1. electrical: signals are amplified and dis
criminated before being sent over coax 
cables, reducing noise pick-up and signal 
degradation; 

2. mechanical: setting-up and dismantling 
times of the system are much shorter; 

3. decontamination of head is easy (because 
preamps remain inside); 

4. diagnostic indication : visual check of 
proper operation of the electronics. 

Construction of a prototype FORK detector 
would demonstrate these expected performances, 

7.5.2.5 Calibration of four Neutron Coinciden
ce Collars (NCC) for the non-destructive assay 
(NDA) of fresh PWR fuel assemblies 

P. De Baere, R. Carchon, G. Smaers, R. Zarucki 
(IAEA fellow) 

Analysis of *he experimental data from the NOA 
of unirradiated PWR fuel assemblies has been 
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F i g . 7 . 5 . 2 . 5 . : g r a p h i c a l p r e s e n t a t i o n of NCC-4 

continued. The results are summarized below. 
A. Experiments at the VENUS critical facility: 

1. fuel pin removal sensitivity (in active 
mode) is 0.27 % per pin; 

2. B4C absorber rods reduce the net coinciden
ce rate by 1.9 Ï per rod; 

3. insertion of Cd liners make the passive 
measurements 5 times less sensitive to the 
presence of aborber or burnable poison 
rods; 

4. stainless steel rods reduce the net coinci
dence rate by 0.5 % per rod. 

B. Measurements at FBFC/Dessel 

The assay results from 12 fuel assemblies mea
sured with 4 collars were used to determine 
the power function: M = a.R , in which 
M = " 5 U mass loading of an assembly in g/cm 
and R * net coincidence rate in counts/s, as 
measured on the spot. Each collar is used with 
its own interrogation source. The coefficients 
a and b are given in the table below. 

Collar 

NCCl 
NCC2 
NCC3 
NCC4 

a 

1.26 E-4 
7.65 E-4 
5.72 E-4 
8.15 E-4 

b 

2.41 
2.14 
2.10 
2.04 

An empirical relation was derived, giving the 

tron flux). This relation is accurate to + 4 % 
of mass loading, A graphical presentation of 
NCC-4 is given on Fig.7.5.2.5. 

7.5.3 Safeguards Traineeship Programme 

M. Nêve de Mévergnies, M. De Proost, R. 
Carchon 

The underlying principles of this traineeship 
programme are laid down in the report of the 
Board of Governors of IAEA, document 
GOV/INF/410: "to increase the number of quali
fied candidates from developing countries, in 
view of joining the IAEA-Safeguards Depart
ment". The training programme, started in the 
first half of the year, has been continued by 
a critical experiment at Venus facility, a 
course on radioisotopes, the visits of Doel 
and Tihange nuclear power plants, Tractionel, 
Synatom, Ondraf/Niras, Vincotte and ACEC, and 
courses on reprocessing and waste management. 
Considerable ti>ne was devoted to the individ
ual projects, such as: high-level waste treat
ment, mass spectrometry, laser isotope enrich
ment, burn-up determination by gamma spectro
scopy, neutron flux measurement of the BRI re
actor, the application of radioisotopes, the 
use of the HLNCC for safeguards, disposal of 
spent fuel, and a Monte Carlo simulation of 
gaseous diffusion. The trainees were submitted 
to a final examination, related to the -^divi
dual projects. 

235, U mass loading of a fresh fuel assembly, 
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7.6 OTHER PROGRAMMES 

7.6.1 Laser Isotope Separation 

H. Nève de Mévergnies 

IR Muitiphoton Dissociation of Haloiretiianes 

We have shown previously that there is an 
Arrhem'us-type relation between the probabili
ty of the isotopically selective photodissoci
ation of the gaseous halomethanes CHF3, CF3 CI 
and CF3 Br under C02 laser pulses on the one 
hand, and the energy E of these laser pulses 
on the other hand. Indeed, the dissociation 

•to * 

probability of the 1JC - isotopic molecule of 
these three compounds depends exponentially on 
E . Such a relation is expected if the energy 
of the excited molecules has a Boltzmann dis
tribution, i.e. has a statistical character. 
We have analysed further the pre-exponential 
factor of this relation and concluded that it 
is about equal to the ratio of the "Reaction 
Volume" V r e a c t to the total gas volume V t o t of 
the reaction cell: 
IR photodissociation probability = 

(Vreact/vtot) e xP ^ t h r ' * " ^ 
with Etj,r = threshold laser pulse energy for 

IR photodissociation 
q = average fraction of excited 

molecules. 
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An example of such a fit is shown in Fig.7.6.1 

It is seen that the fit is excellent if a 
scale factor of 0.68 is applied. This diffe
rence of 32 t is probably due to some undetec
ted systematic error in our evaluation of the 
absolute values of the dissociation probabili
ties. A report on these results has been 
accepted for publication in Applied Physics B. 
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under C02 laser pulses 
M. Nêve de Mévergnies 
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Levels of 155Eu from thermal neutron capture 
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Proceedings of the International Nuclear Phy
sics Conference, Harrogate (U.K.), p. C 231, 
(1986) 

Systematics of the particle-rotor model around 
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Proceedings of the International Nuclear Phy
sics Conference, Harrogate (U.K.) p. 37 (1986) 
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La fission spontanée et induite des isotopes 
du plutonium 
C. Wagemans, P. Schillebeeckx, A. Oeruytter, 
R. Barthélémy 
Rapport BLG 592 (1986) 

CONTRIBUTIONS TO COLLOQUIA, SEMINARS AND 
SYMPOSIA 

I.L.L., Grenoble, 1-10.7.1986 
- (n,y) spectroscopy with the bent crystal 

spectrometer at the BR2 reactor in Mnl 
E. Kaerts 

Intern. Nuclear Physics Conference, Harrogate, 
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P. Schillebeeckx, C. Wagemans, P. Geltenbort, 
F. Gönnenwein, A. Oed 

13th World Conference of the International Nu
clear Target Development Society, Chalk River, 
17-19 September, 1986 
- The realisation of a "'Pu mother source for 

the preparation of 2 3 5u m targets 
J. Pauwels, R. Eyskens, A. O'Eer, C. Wagemans, 
M. Nève de Mévergnies 

Seminar on the cycling of long-lived 
radionuclides in the biosphere: observation 
and models, Madrid, 15-19.10.1986 
- Radiological survey on radium in sea-food 

arising from natural and technologically mo
dified environments 
E. Bonnijns-Van Gelder, G. Koch, C. Hurtgen, 
J. Nieuwenhuize, H. Declercq-Versele, 
R. Kirchmann 

Mesure de la contamination interne, Journée 
d'étude organisée par "L'association belge de 
Radioprotection" et "Nederlandse Vereniging 
voor Stralingshygiëne", Mol, 10.10.1986 
- Instrumentation pour la mesure de la conta
mination interne par la méthode directe 
J. Colard 

- Mesure de la radioactivité excrétée et esti
mation de la charge corporelle 
G. Koch, C. Hurtgen 

5th Symposium on Environmental Radiochemical 
Analysis, Harwell, 1-3.10.1986 
- Radiochemical analysis of Tc-99 in the brown 

marine alga Fucus spiralis collected along 
the Belgian coast 
C. Hurtgen, G. Koch, D. Van Den Ben, 
S. Bonotto 

Journées d'Etude sur la fission, Arcachon, 
13-17.10.(1986) 
- La fission spontanée et induite des isotopes 

du plutonium (invited paper) 
C. Wage.iians, P. Schillebeeckx, A. Deruytter, 
R. Barthélémy 

- Etude de 241Pu (n t h , f ) avec COSI FAN TUTTE 
P. Schillebeeckx, C. Wagemans, P. Geltenbort, 
F. Gönnenwein, P. Geltenbort, K. Schrecken-
bach, M. Moore 

- The thermal fission of 235mU 
A. D'Eer, C. Wagemans, M. Néve de 
Mévergnies, F. Gönnenwein, P. Geltenbort, 
K. Schreckenbach, M. Moore 

International Symposium on Nuclear Material 
Safeguards, IAEA, Vienna, 10-14.11.1986 
- Ritcex, aims and conclusions 

R. Carchon, P. Oe Regge, F. Franssen 
- Improvement of isotopic composition measure

ments of plutonium by the use of calibration 
samples for gamma spectroscopy 
P. Fettweis, H. Meyer, F. quik 

- NDA-Measurements on PWR spent fuel assem
blies by means of the Ion-1 fork 
R. Carchon, G. Smaers, G.P.O. Verrechia, R. 
Ar l t , I . Stoyanova, G.E. Bosler, J . Satinet 

Workshop on age-related factors in radionucli
de metabolism and dosimetry, Angers, 
26-28.11.1986 
- Âm distribution in fetal haemopoietic or

gans of Balb/c mice 
G. Schoeters, R. Van Den Heuvel, C. Hurtgen, 
J . Colard 

SCK/CEN SEMINARS 

25.09.1986 
Studies in condensed matter physics by means 
of inelastic neutron scattering 
S. Hautecler, W. Wegener (S.C.K./C.E.N.) 

14.10.1986 
Détermination de TSge des couches aquifêres 
par datation isotopique 
P. del Marmol (S.C.K./C.E.N.) 

17.10.1986 
Electron scattering from *'F 
M. Bouten (L.U.C.) 

27.11.1986 
Recent measurement of the neutron-proton cap
ture. 
P. Leleux (Institut de Physique, U.C.L., 
Louvain-la-Neuve) 

18.12.1986 
Energy: needs expectations. Report of the 13th 
congress of the World Energy Conference 
(Cannes, October 1986) 
P. Van Assche (S.C.K./C.E.N.) 
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8.2 MINERAL CHEMISTRY 

8.2.1 ICP/AES Analysis of various materials 
with the K0NTR0N-1Q0O spectrometer 

I . Delespaul 

Since 6 years, ICP-AES is Ui;ed intensively to 
solve most of the analytical problems. This 
technique is based on the spectral analysis of 
the light emitted by the samples when ionized 
in a R.F. Inductively Coupled Plasma. 
The high versatility (up to 70 elements can be 
analysed) combined with a large determination 
range (from base components to trace level) 
make it a unique instrumentation for the 
analysis of dissolved samples. During the 
past 6-month period, 518 samples have been 
analysed with on the average 6 elemental 
determinations. Impurities in nuclear reactor 
fluids, geological waters, waste effluents 
sea- and clay-waters have been determined. 
Acidic extracts of soils, dissolved fish-ash, 
glass leaching solutions, air pollutants 
dissolved from fibreglass filters have been 
analysed for metals. 

Solid metals and alloys, such as Pb-, Li-, W-, 
Zr-, Cu-alloys were characterized after 
dissolution in HC1, HN03 or aqua regia. Some 
of those samples require however the addition 
of HF to obtain complete dissolution. In such 
case, the KONTRON ICP instrument cannot be 
used because of its "all glass" Torch system. 
To avoid this problem, a new nebulizer and 
torch unit is being installed, in which the 
spray chamber, the nebulizer and the capillary 
for carrier gas can be replaced by HF-
resistant material. This new torch is easier 
to be dismantled, so that frequent cleanings 
are possible in order to reduce contamination 
and memory effects. 

The stability of the R.F. power source will 
also be improved by the installation of a new 
anode current regulation system. 

8.2.2 Certification Analysis of Arsenic and 
Selenium in Estuarine, River and Lake Sedi
ments 

J. Remy-Oefraigne 

The complete solubilization stipulated in the 
BCR contract for thsse three very different 
materials is specific and very difficult. 
Decomposition of the samples must be carried 
out in a closed vessel in order to avoid 
losses by volatilization. 
A first acid digestion by means of HC1 + 
K2^2^8 1S r e ali z ed i" a teflon-lined acid 
digestion bomb during 18 hours at 150°C. 
During this treatment, As and Se are liberated 

from their orgaro-metal 1 ic structure and 
oxidized to their higher valency state. 
The time needed for this leaching attack 
results from the thermal isolation properties 
of the teflon liner. A considerable reduction 
of time could be obtained by using a microwave 
heating system warming up the internal aqueous 
content and not the vessel walls. The residue 
of this oxidizing attack is separated by 
centrifugation and transferred in a platinum 
crucible in order to be fused with lithium 
metaborate. 

To avoid losses by volatilization during this 
digestion step, fusion is realized in a closed 
heating system. The crucible is introduced in 
the centre of a quartz tube. The quartz tube 
is centred in the coil of an induction heater. 
Pure oxygen is blow:: upwards through the 
quartz tube, along the crucible. This 
sweeping gas is bubbled at the outlet of the 
quartz tube through three spiralled washing 
bottles containing 0.1 N NaOH. Volatilized As 
and Se should be retained there. 
The melt is heated by H.F. induction as 
normally used for carbon determination. The 
narrow dimension of the coil and the available 
power allows only to use 3 ml platinum 
crucibles. This limits the sample amount to 
about 0.5 g and consequently reduces the 
sensitivity of the method and affects the 
obtainable detection limits. 
The molten residue is dissolved in water and 
the three fractions (teflon bomb solution, 
dissolved melt and washing bottle solutions) 
are analysed for As and Se by Atomic 
Absorption Spectrometry with hydride 
generation (Perkin-Elmer 400 spectrometer with 
MHS-1 hydride generator). 

8.2.3 Automatic titration system 

L. Vandevelde 

In the scope of international safeguard 
programmes, the accurate knowledge of the 
fissile materials content of several nuclear 
samples is frequently requested. 
Fresh or recycled fuels, scrap materials and 
process solutions must be characterized for 
their total uranium and plutonium content, as 
well as for their isotopic composition with 
the best achievable precision. 
For the elemental assay, titrimetric methods 
are able to cope with the requested accuracy 
of 0.1 % relative or better, provided that the 
selectivity of the measurements is guaranteed 
by an adequate sample pretreatment, and that 
the used instrumentation allows a reproduci
bility of at least that order of magnitude. 
In our laboratories, uranium analyses are 
performed by using the "Davies & Gray" 
titration with potentiometric end-point 
determination, and plutonium is determined by 
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Fig 3.2.3 : Glove box for the titration of plutonium 

oxidation with silver peroxide, ferrous 
reduction of Pu VI and back titration of the 
excess Fe II. Both methods end with a 
dichromate titration which is done using an 
automatic titrator (Mettier DL40) coupled to a 
penwriter (Mettier GA15) driven by a step 
motor. 
The system has been adapted to work in a 
glove-box in order to allow analysis of 
plutonium-containing samples (Fig. 8.2.3). 

8.2.4 Laboratory for the chemical analysis of 
radioactive samples 

L. Vandevelde 

Besides the ICP/AES spectrometer (Perkin-Elmer 
ICP 5500), the laboratory has been equipped 
with an ion chromatograph (Dionex QIC) and 
several smaller instruments for conductivity 
and pH measurements. 
A fumehood has been installed for sample 
preparation. Unstable characteristics such as 
the pH or the chloride content can now be 

measured much sooner in reactor waters from 
the primary circuit. Beta-, gamma-
contaminated samples arising ^rom the HTSI 
(High Temperature Slagging Incinerator) of the 
"Waste" department can be characterized as 
well for their anion content as for their 
metallic compounds. Since the laboratory is 
not equipped with heavy shielding, the radio
activity of the samples or their amount has to 
be limited. Therefore, procedures have been 
developed to allow preparation of the samples 
in the LHMA hot facilities. 

8.2.5 Thermal ionization mass spectrometry 

R. Boden 

Both mass spectrometers (MM30 manual 
spectrometer and VG354 fully automatic, from 
VG Isotopes) were intensively used during this 
six-month period. 
Many fresh nuclear fuel samples were control
led for their isotopic composition. 
Burn-up analyses, as well as gadolinium 
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isotopic composition determinations were 
performed regularly. 
For uranium quantitative determination, a 
mixed 2 3 3U/ 2 3 5U (1:20) spike was tested. 
Concentrations calculated with both isotopes 
were within 0.3 %. 
One 2 3 3U/ 2 3 5U/ 2 3 8U (1:1:1) and five uranium 
(0.3, 0.7, 2.0, 3.1 and 4.7 % 2 3 5U, Hidate 
reference materials were measured win. both 
spectrometers according to our standard 
procedure. The obtained results, as well as 
the reference values, are given in Tables 
8.2.1 and 8.2.2. 

The isotopic composition of Li was measured in 
several breeding materials for fusion 
reactors. A nitric acid solution of Li is 
evaporated on a triple filament bead and 
measured at currents of 2.0 - 2.4 A on the 
central filament and 0 - 0.5 A on the side 
filaments. Intense and stable ion beams can 
be obtained with loadings of about 100 - 200 
ng Li, but a correction for mass discrimina
tion is necessary. 
In order to allow determination of trace 
amounts of Pb (1 - 10 ppm) in natural samples, 
a separation method for Pb was investigated. 
An anion exchange on micro-column followed by 
anodic and cathodic deposition on the filament 
yielded promising results. 

Table 8.2.1 Isotopic analysis of " J U / " a U / -
°U (1:1:1) candidate reference material 

(isotopic ratios referred to 2 3 8U) 

- Measured value (MS) 
- Reference value (MS) 
- Reference by gravimetry 

233u 

0.99994 
0.99945 
1.00001 

235u 

0.99991 
0.99964 
1.00015 

Table 8.2.2 Isotopic analysis of candidate 
reference materials for 235(J certification 
(isotopic ratios referred to 2 3 8U) 

Material 

0.3 % 

0.7 % 

2.0 % 

3.1 % 

4.7 * 

- Meas.(MS) 
- Ref. (MS) 

- Meas.(MS) 
- Ref. (MS) 

- Meas.(MS) 
- Ref. (MS) 

- Meas.(MS) 
- Ref. (MS) 

- Meas.(MS) 
- Ref. (MS) 

234u 

0.000020 
0.000020 

0.000053 
0.000053 

0,000180 
0,000178 

0.000295 
0.000293 

0.000387 
0.000382 

235u 

0.003216 
0.003217 

0.007260 
0.007262 

0.020058 
0.020062 

0.030787 
0.030786 

0.047330 
0.047327 

236y 

0.000147 
0.000147 

0.000000 
0.000000 

0.000002 
0.000003 

0.000032 
0.000034 

0.000072 
0.000072 

8.3 ORGANIC CHEMISTRY 

8.3.1 On-line leak and purity control of 
sampling lines for special gasses 

E. Goelen, T. Rymen 

The "Interuniversitair Micro Electronica 
Centrum" in Leuven, aims the study of special 
integrated circuits and needs for these 
operations high purity gasses. 

F1g. 8.3.1.a : Mobile unit for 
oxygen and moisture analyses 

On request of Vinçotte, the control organiza
tion responsible for the quality assurance 
during the construction phase, SCK/CEN deter
mined the initial purity of the gasses to be 
used, and tested the whole piping network 
regarding its impact on gas purity at the 
final delivery points. 
For this purpose, the analytical equipment 
required for measurement was mounted on two 
mobile units (Fig. 8.3.1.a, 8.3.l.b) allowing 
fast and easy transport of the analysers 
betwet- sampling points in relatively large 
installations. 
Moisture content was determined using a 
Beekman Model 340 trace moisture analyser, 
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Fig. 8.3.1.D : Mobile unit for 
total hydrocarbon analysis 

which measures the current needed for electro
lysis of the water trapped on ?2®5-
Oxygen was measured using a Teledyne model 306 
WAXM trace oxygen analyser, which is based on 
an electrochemical cell specific for oxygen. 

Total hydrocarbons were determined by gas 
chromatography with flame ionization detection 
(Carle model 400 GC and Spectra Physics 4100 
integrator). 
All together, 291 measurements were performed, 
relating to 103 sampling points. Only 9 out 
of 103 sampling points showed unacceptable 
increases of impurity levels. In all cases, 
the problems were easily located and 
eliminated : the results of a second control 
exercise showed all points checked to be well 
within specification. 

8.3.2. The quantitative determination of ra>-e 
earth impurities in IJOo-GdgO^ fixed oxide fuel 

T. flymen 

In UO2"Gd203 fuel, additional lanthanide 
poisoning must be restricted to well-defined 
levels. The limits set for the FRFC produc
tion pïcnt in Dessel are ; 

Dy < 2 ppm 
Eu < 12.5 ppm 
Sm < 5 ppm 
Tb + Yb < 3.7 ppm 

sum all others < 15 ppm 
Pm excluded. 

It is accepted that spark source mass 
spectrography is the most appropriate 
technique for the determination of rare earths 
at such low levels. It requires only a 
minimum of sample preparation and normally 
allows lower limits of detection in the ppb -
range for all elements concerned. 
Relying upon our experience in UOj-PuC^ 
analysis, a first attempt was iride to perform 
the analysis according to the Ut^-PuOg 
analytical procedures : equal amounts of 
sample and ultrapure carbon were mixed and 
compressed into electrodes which can be 
analysed readily by SSMS. 

The technique wi-ked well for the majority of 
ti . lanthanides but c sated severe problems 
for the determination of Er, Tm and Vb. The 
interferences occurring for these elements can 
be explained by the fact that Gd2Û3, when 
present at levels of 5 tot 10 %, forms 
relatively large amounts of (GdC)+ and (GdO)+ 

cluster ions, which completely interfere with 
all isotopes available for the measurements of 
these three elements (Table 8.3.2.a). 
Transforming gadolinium oxide into gadolinium 
fluoride, prior to SSMS analysis, did not 
yield a sufficient improvement, thus 
confirming that the formation of (GdC)+ ions 
in the SSMS spark constitutes the primary 
problem. 

Table 8.3.2.a : (GdC) and (GdO) cluster ions 
interfering with Er, Tm and Yb 

Rare earth 

Er 

Tm 

Yb 

Isotope 

162 
164 
166 
167 
168 
170 

169 

168 
170 
171 
172 
173 
174 
176 

Main interferences (') 

(GdC) 

(*) 
152Gd 12C 

154Gd
 12c 

155Gd 12C 

156Gd 12c 
158Gd 12C 

157Gd 12C 

156Gd 12c 

158Gd 12C 

160Gd 12C 

(GdO) 

(*) 

152Gd 160 

154Gd 160 

!526d Ifo 
154Gd 160 
155Gd 160 

156Gd " o 
157Gd 160 

158Gd 160 

160Gd 160 



(") not talcing into account the contributions 
of carbon-13 and oxygen 18-isotopes. 
(*) no interference from cluster ions but 
isotope abundance too small to yield 
sufficient sensitivity. 

Finally, samples were prepared using ultra-
pure silver powder as conducting matrix. The 
use of this matrix material resulted in 
spectra for the rare earths which are free 
from interferences, except for Yb which st i l l 
suffers from (GdO)* interference. But the 
(GdO)+ interference is small enough to allow 
the required detection limit for Yb to be 
reached. 

In subsequent control analyses, quantitative 
analysis was based on relative sensitivity 
factor (RSF) of the rare earths when related 
to 235y as an internal standard. All 
RSF-values were determined on the basis of 
homemade standards. As shewn ir. Table 
8.3.2.b, these, RSF-values can be combined 
into three groups, resulting in average 
RSF-values with adequate precisions. 
The same groups showed up when the RSF-values 
were determined using the previously mentioned 
carbon matrix. The absolute differences 
between these sensitivity data, when comparing 
silver and carbon matrixes, are related to 
matrix effects. 

Table 8.3.2.b : Relative sensitivity factors 
for the rare earth elements, in silver- and 
carbon matrix. 

Group I 

Element 

Pr 
Nd 
Sm 
Eu 

Average 

Standard 
deviation 

RSF (Ag) 

3.46 
3.91 
3.38 
3.53 

3.57 

0.23 

RSF (C) 

2.43 
2.91 
2.50 
2.58 

2.61 

0.21 

Group I I 

Element 

La 
Ce 
Th 
Dy 
Ho 

RSF (Ag) 

2.62 
2.66 
2.75 
2.85 
2.43 

RSF (C) 

1.86 
1.78 
1.80 
2.16 
1.99 

Group II 

Element 

Er 
Tm 
Yb 

Average 

Standard 
deviation 

Group III 

Element 

Lu 

8.3.3. The 
polyaromatic 

T. Rymen 

RSF (Ag) 

2.46 
2.37 
2.73 

2.61 

0.17 

RSF (Ag) 

2.13 

quantitative 
hydrocarbons in 

RSF (C) 

2.12 
2.09 
2.14 

1.99 

0.16 

RSF (C) 

1.72 

determination of 
sludge s 

The general procedures related to the 
extraction of organic materials from sludges 
include either soxhiet excraction or liquid-
liquid extraction in combination with pH-
adjustment. 
Since the method preferred largely depends 
upon the type of sludge at hand, we chose to 
check the merits of both methods specifically 
in view of subsequent PAH-analysis. The 
liquid-liquid extraction was performed 
according the method described by Maskarinec 
et al [1] , while the soxhiet procedure of 
Bellar et al [2] was followed. 
Subsequently, the fractions, resulting from 
these extractions and accompanying presepa-
ration schemes, were analysed for PAH's using 
GC - MS in the Selected Ion Monitoring mode. 
The most important results are shown in Table 
8.3.3.a, while Fig. 8.3.3 illustrates the type 
of chromatogramme obtained upon GC - MS 
analysis. 

Table 8.3.3.a : Results for the "extraction" -
"soxhiet" Intercomparison 

MW PAH 

(1) 

202 
202 
228 
228 
252 
252 
252 

SOX/EXT 

(2) 

2.1 
2.5 
2.4 
2.0 
1.8 
2.0 
2.0 

Carry-over in X (3) 

.0XHLET 

< 0.1 
< 0.1 
< 0.1 
< 0.1 
< 0.1 
< 0.1 
< 0.2 

LIQ.-LIQ. 

17 
24 
14 
17 
12 
15 
13 



158 

(1) Molecular weight of the PAH detected 
(?' Ratio of the amounts found upon soxhlet-

and liquid-liquid extraction 
(3) Amounts found in non-PAH fractions 

expressed as % of the amount found in the 
PAH-fraction 

It is obvious that, in our particular case, 
soxhlet extraction must be the method of 
choice; it gives : 
- better recovery; 
- no carry-over to other fractions resulting 
from clean-up. 
Moreover, liquid-liquid extraction always 
resulted in the formation of large quantities 
of protein-like precipitates which largely 
interfere with phase separation. 

The finally retained sample preparation scheme 
is shown in Table 8.3.3.b. 

Extraction efficiencies determined according 
to this procedure were always > 98 %. The 
average overall recovery, determined on the 
basis of the figures for the internal standard 
010-anthracene, reached 90 %. 

8.3.4 Purity determination of 3-hydroxyberizo 
(a)pyrene 

T. Rymen, J. Vandersteene 

3-hydroxybenzo(a)pyrene is an important 
intennediate in the metabollic profiling of 
benzo(a)pyrene (Fiq. 8.3.4.a). 

Table 8.3.3.b : Final sample preparation 
scheme for PAH-analysis of sludges 

10 g of sludge + 14 ug DlO-anthracene 

24 h soxhlet with 
150 ml of acetone 

24 h soxhlet with 
150 ml n-hexane/acetone (80/20) 

mix extracts 
I 

concentrate to 1 ml 
| 

liquid chromatography ' 
10 g silicagel (3 % H20) I 

elute with 120 ml of 
dichloromethane/n-hexane (20/80) 

concentrate to 1 ml 
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Fig. 8.3.4.a : beflzo-(a)pyrene 

As a consequence, the availability of this 
compound, in high-purity quality, would be of 
interest to many laboratories active in this 
field. 
BCR had this compound synthesized and required 
an initial purity check. Due to thermal 
decomposition, gas chromatography or combined 
gas chromatography-mass spectrometry can only 
be applied after an appropriate derivati-
zation. 
Obviously, for purity control purposes, 
derivatization has to be avoided because it 
can easily result in false purity figures of 
the original compound. This problem was 
circumvented by analysing it by HPLC on a C18 
column. Using water acetonitrile as mobile 
phase, scanning diode .array UV-detection 
indicated the presence of an unknown impurity 
at a level of approximately 3 % (Fig. 
8.3.4.b). 

Fig. 8.3.4.C shows the recorded spectrum of 
the impurity and of the main compound. As BCR 
sets its acceptance limit to 99 % purity, our 
results indicate that the compound will have 
to be repurified by the synthesizing 
laboratory, and that HPLC would be the 
appropriate technique. 

8.3.5 Quantitative determination of organic 
solvents in environmental waste materials 

J. Vandersteene, T. Rymen 

One of the most e-equently performed analyses 
on waste material in the scope of the OVAM 
activities is the quantitative determination 
of organic solvents in solids, sludges and 
oils. 
A steam distillation apparatus and an 
analytical procedure have been developed to 
isolate solvents from different matrices, 
giving additional clean-up to the sample and 
providing adequate recoveries of the organic 

compounds. 
The method can be used for organic solvents 
slightly soluble or insoluble in water within 
a boi'ing range of 40°C to 250°C. The 
apparatus is composed of a steam generator, 
sample distillation receiver, liebig cooler 
and a solvent receiver. Both liebig cooler 
and solvent receiver are refrigerated at 2°C 
by a cryostat. 
The analytical procedure has been optimized 
for 45 common organic solvents slightly 
soluble or insoluble in water. An average 
recovery of > 96 % for each compound was 
obtained on the 1 g to 10 g sample scale for 
the concentration range of 5 ppm to 1 %. 
Higher concentration demands a sample 
dilution. 
Samples in the distillate receiver are diluted 
with methylene chloride and covered with 
water. The distillate is recovered through 
the liebig cooler (2°C) and an extension-piece 
in the solvent receiver (2°C) under methylene 
chloride. This procedure is stopped when 10 
ml water has been distilled. 
At the end of the distillation, the cooling 
system is rinsed with a small additional 
quantity -of methylene chloride into the 
receiver. After a final adjustment of the 
methylene chloride volume to 10 ml, the 
receiver is closed by a stopper and shaked for 
two minutes. The organic layer is then 
allowed to separate from the water and 
subsequently the methylene chloride extract is 

Fit 
Olît 
InJ. ftM 
Attn («AU) 
Ztro V. 
Siynal 

3-HYDROXY 
1VI7/WM 
14:00 
303». » (2MS. (I 
W 

At Z.I 

Wmlingth (na) 

I M . ( 
2.254. 4 
3.84. 4 
4. 240. 4 
S. 2M. 4 
*. 320. 20 
7: 4M. SO 
1 Ï50.100 

a 
ThMlaM 

Fig, 8.3.4.b : Chromatogramme showing main 
compound (2) and major impurity (1) 
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Fig. 8.3.4.C : UV-spectra recorded for 
impurity (1) and main compound (2) 

collected through a stopcock at the bottom of 
the receiver in a 10 ml vial. 
The sample extracts are analysed by high-
resolution gas chromatography providing the 
required separation efficiency. 
A dual column and dual FID detection are 
routinely used for compound identification and 
quantification purposes. 
This steam distillation method is extremely 
useful in oil sample analyses, especially 
dirty oils, since many other extraction or 
fractionation and clean-up techniques are lot 
applicable to oil samples. 
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8.4 NON-NUCLEAR ENVIRONMENTAL RESEARCH AND 
MEASUREMENTS 

B. Vanderborght, R. De Fré, F. Veroustraete 

Environmental problems have repeatedly 
attracted the public's attention in the past 
semester and it is a confirmation of our 
scientific neutrality in the field of air 
pollution that we were consulted as qualified 
experts in a number of important cases. 

The new equipment the section acquired and 

constructed this year was mainly bound for use 
in Syria, where S.C.K./C.E.N. signed a 
contract for the measurement of air and water 
pollution around the Banias Refinery and a 
local electric power plant. 
The start of the Syrian campaign being 
postponed the new equipment was used in 
domestic cases. 

8.4.1 Air pollution by organic compounds in 
Tessenderlo 

In 1986 a one-year programme for the study of 
organic air pollution in Tessenderlo was 
completed under contract with the Flemish 
Regional Authorities. The principal purpose 
of this study was to obtain time-averaged 
airborne concentrations or vinyl chloride, 
1,2-dichloroethane, benzene and other 
carcinogens. 
For some of these compounds, propositions have 
beer, uttered in the Netherlands to lower the 
permissible levels in the air to a limit of 
1 ug/m3 or even lower, as a yearly average. 
The values of these low limits were deduced 
from toxicological and epidemiological studies 
and are directly related to the "acceptable 
cancer risk" of an extra 1 to 10 additional 
cases of cancer in a population of 1,000,000 
people after a lifetime exposition. 
The current methods for volatile components 
could only measure short-time averages and had 
detection limits above 1 ug/m3. 
Although these limits are not likely to be 
endorsed in Belgium in the near future, there 
is now an obvious need to develop methods 
capable of measuring 0.2 ug/m3 levels on a 
24-hour average basis. 

The experimental work to meet the objective 
was concentrated on vinyl chloride and its 
absorption-thermal desorption behaviour on 
activated charcoal. The samples were analysed 
by gas chromatography on thick film capillary 
columns and flame ionization detection. 
The synthetic air mixtures with low levels of 
vinyl chloride, benzene etc. were prepared by 
dynamic dilution 1n the gas calibration rig, 
using permeation or diffusion devices as 
primary standards. 
Several types of coal were tested before, with 
some difficulty, an acceptable absorption and 
desorption efficiency was obtained in order to 
measure levels of vinyl chloride below 1 yg/m3 

in laboratory conditions. 
However in field conditions the interferences 
from carbon dioxide, water and other massively 
absorbed gases on the coal, could not be 
satisfactorily overcome. Other absorbents 
such as silica, alumina, coated coals, 
porapaks and tenax had to be tested. 
For all pollutants, except vinyl chloride, a 
viable analysis method could be outlined. 
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The normal equipment used for sampling 
organics from the air was unappropriate since 
the aspired volumes were too high for a 
24-hour sampling period without breakthrough 
on the absorbent. Instead two new devices 
were developed to allow for a sample volume of 
2 to 3 litres in 24 hours. One was based on 
the original design for the Syrian campaign 
and consists of a battery-driven membrane pump 
unit being electronically programmable to 
function intermittently during many short 
intervals in the 24-hour period. 
The second device contained a simple glass 
vial filled with 3 litres of brine and fit 
with a capillary for slow outflow. 

The resulting measurements of the 24-hour 
average concentrations, and consequently also 
the yearly averages of 1,2-dichloroethane, 
benzene, toluene and others in the atmosphere 
at Tessenderlo were considerably lower than 
those obtained from instantaneous spot samples 
in the wake of the industrial sites, such as 
they were measured during the previous years. 

An interesting secondary topic in this work 
was the detection and identification of bad 
smelling compounds originating from phosphate 
ore dissolution. 
More than 50 different sulfur compounds, i.e. 
mercaptans and sulphides could be measured in 
the escaping gases when Moroccan phosphate 
ores were attacked by hydrochloric acid as in 
the industrial process. 

8.4.2 Environmental Impact Assessment 

The preparation of Environmental Impact 
Assessment Reports or "MER"'s (Milieu-Effekt-
Rapport) requires a cooperation of different 
scientific disciplines present at the 
S.C.K./C.E.N. Research Divisie : analytical 
chemistry, air and water pollution, 
atmospheric dispersion modelling, ecology and 
landscape, geology, industrial waste and 
process engineering. Until now, external 
specialists were contracted for the study of 
environmental noise and traffic problems. 
The purpose of a M.E.R. is to predict the 
environmental effects of an industrial project 
in order to assist the authorities in their 
responsibility tf granting the permit. The 
final contents of a M.E.R. is a sometimes 
difficult compromise between the opinions of 
neutral scientists, industry and adminis
tration. Occasionally, representatives of the 
public may be involved as a fourth party, when 
a hearing session is organized. 

The subjects and tî a partners for whom 
S.C.K./C.E.N, prepared Environmental Impact 
Assessment Reports cannot be published; 
however, a few case histories Illustrate how 

the making of a M.E.R. has been beneficial to 
all parties in the past. 

1. A chemical manufacturer planned to enlarge 
a certain unit in his plant to increase the 
production-capacity. An Environmental Impact 
Assessment was asked by the authorities and 
S.C.K./C.E.N, was contracted for this task. 
The measurements on the existing plant 
indicated that the imposed emission limits 
might be approximated or even exceeded after 
the expanded unit would go on steam. This 
statement give rise to a controversy between 
the plant management, the authorities and the 
public, but the official approval was granted 
to the project. 

However, when the new installations were 
started, the plant took into account some 
recommendations from the M.E.R. and succeeded 
in improving the operation of the facilities 
in such a way that the emission of air 
pollutants was dramatically reduced while the 
production nearly doubled. This achievement, 
although entirely to the credit of the 
manufacturer, would not have been realized 
without the M.E.R. study 

2. A large chemical plant was to replace some 
older units by new and larger ones and had the 
imposed M.E.R. study done by S.C.K./C.E.N. 
During this study it soon appeared that the 
old plant lost more product through the 
chimneys than was believed by the plant 
operators and therefore was also responsible 
for a larger portion of the air pollution in 
the area than figured. Subsequently the plant 
analytical laboratory adapted some of the 
diagnostic methods of S.C.K./C.E.N, and when 
later on, during start-up of the new plant, 
problems were encountered, we were asked again 
to assist the test runs with specialized 
measurements. 

8.4.3 Case studies 

a. The Belgian division of a multinational 
electronic company was visited by a controller 
from the U.S. to look for environmental 
hazards as part of a prevention programme 
inspired by the Bohpal incident. 
Since the plant had no experience in relation 
to the questions asked by the controller 
S.C.K./C.E.N was assigned to carry out an 
Environmental Audit for the most important 
emission sources. 

The plant handled several toxic solvents and 
gases, and small quantities of poisonous 
chemicals. After measurements on the 
prioritary sources, the audit showed, that the 
emissions offered only limited reason for 
concern. The report was approved by the 
management and transferred to the controller. 
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b. A Lukes factory was monitored for its 
output of dust, sulfur dioxide and polycyclic 
aromatic hydrocarbons (PAH). 
A novelty in this campaign was the assessment 
of non-guided emissions by spraying a "marker 
aerosol" into the emission and referring the 
recovery of pollutants by a remote high-volume 
sampler to this marker. 

c. A refinery in the Antwerp harbour was 
accused of excessive odour amissions and 
contracted S.C.K./C.E.N, to .neasure total 
non-SOj sulfur in the atmosphere in and near 
the plant, and to identify some of the sulfur 
compounds present. The uncontrolled emissions 
from a few suspected floating roof gasoline 
tanks were quantified and proven to be of 
minor importance. Finally one important odour 
source was identified and eliminated by the 
plant operators. 
The MAP IV navigation and monitoring system 
and the sulfur specific GC analysis of air 
were invaluable assets in the successful 
completion of this study. 

d. A brickworks encountered repeated problems 
with soot drop-out from the stack and 
'conséquent damage to cars and trees in the 
vicinity. Dust content measurements of the 
emission gases demonstrated that there was no 
excessive soot emission during normal 
operation. 
Further intensive research showed however that 
sulphuric acid in the emission was the cause 
of the build-up of a soot crust on the inside 
walls of the stack. Only when the soot layer 
had become too thick, or was eroded for some 
reason, an incidental soot emission took 
place. 
The problem was solved by switching to a low 
sulfur fuel to fire the kilns. 

e. An increasing number of complaints about 
odour nuisance in the environment is noted 
lately. Pure analytical chemistry is often 
not able to give an appropriate explanation or 
quantification of the problem. 
Therefore we were urged to construct an 
olfactometer, this is an apparatus allowing to 
dilute an air sample in a ratio of 1:1 to 
1:1,000,000, and to present the diluted odours 
to the noses of a test panel. When 50 % of 
the panel members can percept a given 
dilution, this odour concentration is defined 
as 1 Oder unit per cubic metre. 
The usefulness of this concept lies in the 
judgement over improvements or cleaning 
equipment, the calculation of odour dispersion 
or necessary stack heights and the legal 
enforcement of limits for odour pollution. In 
this respect it may be noted that the 
Netherlands will accept a 98 percentile of 1 
odour unit per cubic metre as the air quality 

limit in 1987. The olfactometer was used on 
contract jobs in 4 different industries sofar. 

f. On behalf of the French division of a 
multinational company, dust measurements were 
performed in view of efficiency tests on dust 
filter installations and in the context of 
checking the occupational health conditions in 
the near surroundings of a detergent 
production plant. The dust measurements were 
carried out to estimate total dust emission 
levels after a new filter battery and to 
estimate the proportion of an active substance 
from the emission source in the total dust 
immission level. 

g. For the German division of a multinational 
company, comparative emission measurements 
were carried out between stack sample 
equipment designed by S.C.K./C.E.N, and 
commercially available equipment from Paul 
Gothe. At lower dust emission values, a small 
discrepancy between the two methods occurred. 
The major factors which could be held 
responsible for this discrepancy were : 

1. stratification of the gas flow and/or 
stratification of particulate matter in the 
gas stream; 
?. misalignment of the probe so that it is not 
parallel to the velocity of the bulk gas flow; 
3. failure to sample at the isokinetic 
sampling rate. 

The intercomparison was considered as 
satisfactory by both participants since the 
discrepancy was smaller than that obtained 
with commercial mass sampling trains which can 
amount to 25 %. 

8.4.4 Van for measuring of air pollution 

B. Vanderborght, F. Veroustraete, R. De Fré 

Mobile systems for the monitoring of air 
pollution are no exception any more. The 
concept of most of these systems is to record 
ambient concentrations of SO2, N0X or certain 
groups of organic compounds while following a 
given itinerary. With many of these configu
rations, data reduction has to be done 
manually or indirectly. S.C.K./C.E.N, 
developed a measuring van which not only 
performs the above measurements while driving, 
but which also plots the measured concentra
tions on the map at the appropriate position. 
In this way detailed information can be 
obtained about the spatial distribution of 
concentrations of SO2. N0X and organic 
molecules. 

A ccmputer-controlled navigation and data 
processing system calculates the coordinates 
of the van periodically during the trip,, as a 
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Fig. 8.4.4.a : Smog episode in Antwerp in the winter 1987 
Measurements performed with the MAP IV navigation system 

function of the elapsed time or distance 
travelled. The computer interrogates and 
saves the concentrations measured by different 
on-line monitors and refers them to the 
corresponding coordinates. 

An example of the results obtained with the 
new navigation system is given in Fig. 
8.4.4.a. It shows the SO2 concentrations 
during a smog episode in Antwerp in the winter 
of 1987. Concentration profiles are shown for 
the central and southern parts in the area 
east of the agglomeration. The zones with 
high immission values (red lines, more than 
300 ug/in3)» namely the northern petroleum 
docks and the old harbour can distinctly be 
spotted in an area with lower immission values 
(southern petroleum docks, 5 t h harbour dock 
and eastern Antwerp). This type of data 
collection and processing can be executed in a 
short time. In less than two hours, a good 
picture of the spatial distribution of air 
pollutants can be obtained and source identi
fication can be performed in an area of 
100 km*. 

The measuring 
mapping system 

van (Fig. 8.4.4.b) and its 
have been used for contract 

work with companies in the petrochemical 
sector and will in the future also be 
implemented in the context of Environmental 
Impact Assessment Studies performed to 
describe the starting situation around 
industrial plants for the immission levels of 
SOj, N0X and organic compounds. 

8.4.5 Data base for calibration standards 

F. Veroustraete, G. Verstappen, W. Van Gelder 

In the context of services to industry and 
public authorities, SCK/CEN manufactures 
primary calibration standards for several 
gasses (S02, N0 2, H2S, NH3 ao.). These 
primary standards (permeation devices) were 
originally developed to be used with dynamic 
calibration systems. Different gas 
concentrations are obtained by dilution of the 
gas stream from permeation devices. The 
concentration of the pollutant in the gas 
stream is primarily determined by the mass 
flow rate from the permeation device. This 
flow is characterized by the type and 
thickness of the membrane as well as by the 
vapour pressure of the gas. This in turn is 
determined by the temperature of the 
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permeation device. Since S.C.K./C.E.N, has 
engaged itself in developing, producing and 
distributing Standard Reference Materials in 
order to provide for a comparative basis for 
measurements, a data base was developed which 
facilitates data reduction, groups orders and 
clients and provides a standardized procedure 
for the certification of the permeation 
devices. 

Some of the functions of the data base are : 
the calculation of permeation rates, expected 
lifetimes and left gas volumes on the basis of 
weighing data, storage of client and 
permeation device identification data and 
physical data of the gasses used. 

8.4.6. New sampling techniques 

F. Veroustraete 

In environmental studies (immission as well as 
emission measurements) reliable results can 
only be obtained under conditions where the 
physico-chemical characteristics of the gas 
mixture to be sampled are approximated as 
closely as possible in the sampling system. An 
approach which has been applied successfully 
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Fig. 8.4.6.a : Basic configuration 
of a gas diffusion separator 

in many studies, consists in collecting 
reactive trace gasses and particles by 
diffusion separation. The principle of this 
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Fig. 8.4.6.b : Detection of a gas 
diffusion separation procedure in 
function of the sampling volume 

method is demonstrated in Fig. 8.4.6.a. 
Sampled air is drawn through a glass tube 
coated with a suitable chemisorbing layer for 
the gas to be quantified. The aerosol 
particles flow through the tube without being 
absorbed and are collected on a back-up filter 
at the end of the tube. 

Besides an effective separation of gas and 
particle phase, gas-particle interactions 
during collection can be avoided during 
sampling, a frequently occurring source of 
error with filter sampling procedures. 

Fig. 8.4.6.b shows the global detection limit 
for ammonia, when different sampling volumes 
were chosen and with a detection limit of 
7 ng/ml for the ammonium ion in a spectro-
photometrical assay. For a 24-hour sampling 
period the procedure reaches a detection limit 
of 0.25 ug/m3. With this low detection limit, 
sampling becomes feasible in background as 
well as emission areas with a reproducibility 
of 15 % and a collection efficiency 
approaching 100 %. 


