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INTRODUCTION 

L.H. BAETSLE 

During the period Jan.-June 1987 some reorganization has cak^r. place 
within the research division due to the retirement of Dr Nève de 
Mévergnies, head of the nuclear metrology department. The former 
Material physics and Nuclear Metrology department have undergone 
dismutation by which two other units were created. The material and 
nuclear physics branches have been brougnt together in one physics 
department headed by Dr De Batist and the service activities of the 
nuclear metrology are provisionally headed by Dr Fettweis. 

The following highlights are outlined in the report. 

- A new 6-chamber plasma enhanced Chemical Vapour Deposition system 
constructed by Pfeiffer in c'ose collaboration wi'h SCK/CEN he- been 
installed in the Physics Department. The system consists ox six 
separate process chambers which will allow better i^pu'ity control of 
the multilayered solar cells. This unit is ve-y versatile and 
constitutes a basic tool to new thin layor developments as e.]. 
coatings, superconducting oxides etc. 

- Electrochemical oxygen and lithium sensors have been developed i the 
Metallurgy department for monitoring the purity of Pb-17-Li JS liquid 
breeder material for fusion reactors. The oxygen se.isor is a zirccnia 
based material which gave satisfactory signal resoonse ever an important 
temperature range. The lithium sensor is a bete-alumina based material. 
A new research project has been started en the production of a 
conductive ceramic sensor for pH measurements. The scrtem'n-, of us ful 
materials led to the selection of z type of ion conducting beta-alumina. 

- Pellets of lithium silicate as potential solid breeder r.;acr?ial for 
fusion reactor have been fabricated by the Ceraric Research department 
and irradiated under the acronym EXOTIC I & II in HFR reactor ?t Pettan. 
The pellets have returned to SCK/CEN and undergone post--'*"-adiat'on 
examination. Especially the mechanical behaviour and t,.e tritium 
release have been studied. It has been found that irradiation of high 
density pellets at 570-630° C is favourable for dimens-'onal stability 
and tnat tritium release is governed by a diffusion mechanise but an 
overall mass balance could not yet be established. 

- The excavation works of the test drift to be built ?.t the opposite 
side of the underground labora.ory at 250 m depth at th<. SCK/CEN site 
were s*arted on March 23, 1987. The gallery is being dug in unfrozen 
clay and the overall excavation diameter is 5 m. Mo problems whatsoever 
occurred during the first days, no water infiUratici no special 
movement of the clay body. The useful irternal diameter of t1-.» o?l'ery 
is 3-5 m and it. is lined with conical concrete vaults fonaing a 
cylindrical wall. At the end of June 12 m of gallery hóï been 
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constructed. In the meantime the decision has been taken to extend the 
drift to 40 m which will be followed by an experimental part of 12 m 
sponsored by l'Agence Nationale des Déchets Radioactifs (ANDRA, France). 

The hydraulic conductivity of the clay body has been measured by 
different methods and resulted into an astonishing low permeability 
figure of 4.10"** m s which is more than one order of magnitude lower 
than the regional permeability (10~10 m s"*). The transport processes 
in such media are solely determinated by molecular diffusion phenomena 
and convection processes are non existent. 
A stuJy has been made on the radiolysis effects of alpha-emitters in 
clay media which has shown that the gas formation is strongly suppressed 
in presence of clay. This result is important for the very long tern 
mechanical stability of a clay repository beyond the existence of the 
vitrified waste forms. 

- Gas filtration research by the Chemical Engineering department on 
airborne effluents from glass producing furnaces, is focussed on the 
trapping of submicronic aerosols by the patented multi-ejector venturi 
(MEV) system. Its behaviour in industrial circumstances has been 
checked during 2,300 hours. The scale-up procedure for industrial size 
filtration units (10-100 thousand m3/h) is in progress. 

- Microbial ."gradation of chlorinated biphenyl was investigated by the 
Biology department and until now six strains of bacteria could 
Metabolize these toxic products. The microbiological reaction takes 
p'ace with liberation of free chloride ions. 
Lory term experiments are being conducted in order to disclose a 
possible synergetic effect of radiation and a chemical carcinogen, 
•ii ethyl nitrosamine, on cancer induction ir: mouse liver. 

• 's a consequence of the Chernobyl accident, the Nuclear Metrology 

3oryi_c2 has noticed an increased 134-Cs and 137-Cs contamination of the 
food chain. The mean body burden for non exposed wor'cers was 260 Bq in 
*>: period Hay-June 1986 which has to be compared with 10 Bq at the end 
cf 1985 and with 820 Bq in September-October 1964. This situation is 
wrrse than before the accident but f?" below the record levels reached 
oüring the atmospheric bomb test period. 

• ?r analytical method was developed by the Analytical Chemistry service 
to determine quantitatively po1ychloro-dihenzo(p)dio;dnes and polychloro-
dibenzofuranes in fly ash provided by the Community Reference Bureau. 
The results obtained were very close to the average value from th? 
specialized European laboratories. 

- In a search for a suitable method te determ ne polyaromatics, pesti
cides and other toxic substances in surface water by GCMS, a preconcen-
tration step has been developed allowing to detect these compou"c's at 
ppb level. 
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EXECUTIVE SUMMARIES 

1. PHYSICS DEPARTMENT - R. De Batist 

As a result of an interdepartmental reorganization, the Materials 
Physics and Neutron Physics branches have been brought together in one 
Physics department. 

- Semiconductor physics 

The main focus of attention this semester has been the installation of 
the new multichamber plas. snhanced CVD system constructed by Pfeiffer 
(FRG) in close collaboration with SCK/CEN. This system consists of six 
separate process chambers and will allow better control of the impurity 
contamination of the intrinsic layer of the solar cells as well as an 
increased production throughput. 
The ongoing development of amorphous silicon has led to relatively high 
current efficiencies of the order of 7.7 %. However thi main R&D effort 
has been focussed on the performance degradation of a- Si:H solar cells 
and particularly on the ways to speed up experimentation. The data 
obtained suggest that cell degradation can be reduced by operating the 
cell at higher temperatures. 

- Characterization of radioactive waste forms 

The characterization of various solidified radioactive waste forms in 
relation with their behaviour in various disposal related environments 
continues to be an important activity supported by the CEC and by 
NIRAS/ONDRAF. Some of the conclusions reached in these, mostly still 
ongoing experiments, can be suriTiarized as follows : 
- the kinetics of dissolution of the COGEMA reference high-level waste 

glass in pure-and in clay containing water depend on type of leachant 
and on temperature ; 

- radioactive tracer elements (Pu, Cs, Sr) are dissolved at essentially 
the same rate as the bulk glass leading to a concentration of mobile 
Pu of about 10"' mol I"1 in synthetic interstitial clay water and to 
a Kj between solid and liquid phase ranging between 40 and 450 ml g'1 

for each of the tracer isotopes. 

- Metal physics 

Whereas metallic superconductivity remains the main *opic of research in 
the field of metal physics, the discovery of ceramic high Tc superconduc
ting materials has stimulated a partial shift of emphasis from metallic 
to ceramic materials. The superconducting properties of ccanic 
YjBa2Cu30x prepared at SCK/CEN have been evaluated by means of magnetic 
susceptibility measurements. The potential of characterization tech
niques available in the laboratory has been curtailed by accidental 
degradation of the 13 T superconducting magnet. However a set-up for 
high-precision magnetic field measurements has been developed in order 
to perform detailed measurements of hysteresis loops in superconduct-
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ive magnets. A new set-up for short sample critical current measurement 
has been constructed ; by reducing the helium pressure and hence the 
temperature, it is expected that measurements up to 10 T will be possi
ble. 
The magnetic susceptibility balance has been further used for r.iagneti-
zation studies in lead discs and for studies of radiation damage in 
alpha- quartz. 

- Transmission electron microscopy 

TEM has been used for the study cf the properties of grain boundaries in 
various materials as well as in support of several other research prog
rammes. Grain t>ùur.dary effects were investigated in commercial, poly-
crystalline silicon, in tungsten carbide and in zinc. Other topics 
include i.a. the study of implantation effects (He, Kr, N, ...) in 
various metals and alloys, the stability of platinum catalysts, the 
crystallization behaviour of ferrisilicate alpha-waste glass, the 
crystallography of clay particles, etc. 

- Mechanical and thermophysical measurements 

The effect of crystallization of polyethylene terepht\alate(PET) 
specimens has been studied by means of internal friction experiments, as 
well as the effect of gamma irradiation of crystallized PET. The 
results can be interpreted in terms of cross linking effects which for 
higher radiation fluences are gradually overtaken by chain scission 
events. 
The 5th European Conference on Internal Friction and U'. masonic Attenu
ation in Solids is being organized by SCK/CEN and UI Antwerpen under the 
chairmanship of Dr. R. De Batist. 
The CEC-BCR intercomparison campaign on a proposed reference material 
for high temperature thermal conductivity has been rounded up. 

- Nuclear physics 

The programme in neutron spectrometry anr* in nuclear spectroscopy has 
yielded several contributions to the 6th International Symposium on 
Capture Gamma-Ray Spectroscopy (Leuven 1987), related to the following 
systems 28Si+n, 207Pb+n, 7 6As, 2C2,205T1 Thi- symposium is being 
organized by SCK/CEN in collaboration with KULeuven under the 
chairmanship of Dr P. Van Assche. In fission physics, the 233l(n,f) 
cross-section has been measured down to 1 meV. Interesting result; were 
obtained concerning the influence of the target spin on the fission 
probability, by comparing data for 2""U (ntn,f) and *•**% (n t n,f), 
demonstrating thata m >aq. 

- Neutron scattering by condensed matter 

The MIBEMOL spectrometer at the Laboratoire L. Brillouin (Saclay) has 
been extensively used by researchers from France, Japan, Canada, 
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Hungary, as well as for our further investigations on the reorientation 
of ammonium groups in NH4NO3 and in Kj_x(NH^)xI miAed crysta ls , and of 
the hydrogen bond in the hydrogen maleate group in various compounds. 
Neutron d i f f ract ion experiments at the BR2 have been performed to 
further elucidate the unusual observations reported ear l ier on the 
ferroelectr ic properties of LÜO3. 

2. METALLURGY DEPARTMENT - H. Tas 

- Oxide dispersion-strengthened alloys 

Tntermediate analyses of pressurized capsules, made of the oxide disper
sion-strengthened (ODS) f e r r i t i c a l loys , developed at the SCK/CEN 
laboratories and irradiated in fast neutron reactors, confirmed ear l ier 
favourable observations. The extent of swelling and i r rad iat ion creep, 
part icular ly of the yt t r ium oxide containing a l l oy , remains indeed very 
l imi ted. One of the fuel assemblies, made ent i re ly of f e r r i t i c s tee l , 
has been fabricated in collaboration with Câbleries et Corderies du 
Hainaut (CCH), and loaded in the French Phénix reactor. The target 
neutron dose, 200 dpa NRT, is expected to be reached in 1991. 
High-temperature mechanical tests on ODS f e r r i t i c a l loys, developed for 
operation in the moderately, to very aggressive atmospheres of energy 
conversion systems, y ield promising resul ts. 

- Plasma spray coatings 

A f u l l y automatic gun translat ion and component rotat ion device was 
insta l led. I t i s now possible to a^ply highly reproducible coatings, 
which w i l l render spray parameter optimization also more e f f i c i en t . 
Laser treatment and hot isostat ic pressing were further explored as a 
means to upgrade plasma coating qual i ty . 

- Materials for fusion reactors 

Solution-annealed AISI 316L s tee l , the reference f i r s t -wa l l material in 
the European fusion technology programme, has been irradiated in the BR2 
reactor at Mol and subsequently submitted to parametric fatigue test ing. 
Higher cycl ic stresses were needed to deform the irradiated material , 
which is proLably due to the formation of radiation-induced defect 
clusters. The number of cycles to rupture, however, appeared to be 
pract ical ly insensitive to i r rad ia t ion . 

- Electrochemical sensors 

Electrochemical oxygen and l i th ium monitors are developed for operation 
in Pb-17Li, a prime candidate l iqu id breeder material in the European 
fusion technology programme. Zirconia-based oxygen sensors were 
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constructed and tested in static Pb-17Li melts. Adaptations of the cell 
design and proper choice of the inner reference system have given rise 
to satisfactory signal response over an important temperature range. A 
beta-alumina-based lithium sensor was developed and tested in static 
Pb-17Li melts. Cell optimization led to fast and stable signal response 
at the temperatures of interest. 

- Solid electrolyte based pH sensor 

A new project has been initiated to develop a pH sensor based on the use 
of ion conducting ceramics. Several methods to prepare ion conducting 
beta alumina have been compared and one method has been selected ior 
production of test samples. 

- Mechanical properties of ceramic materials and fracture mechanics 

A creep machine for testing ceramic materials in four-point bending at 
temperatures up to 1,500° C was put into operation. 
A comparative study was made of different methods, based on hardness 
indentations, by which the fracture toughness of ceramic materials can 
be determined. 
Further work is being conducted on fracture mechanics of Charpy V notch 
specimens. The influence of electropolishing was assessed. 

- Materials performance in various aggressive environments 

- the effect of gamma irradiation on the corrosion resistance of 
candidate materials for high-level radioactive waste containment, has 
been evaluated or. the basis of a first test campaign performed in a test 
facility located in the BR2 reactor. No increase of corrosion rate 
could be measured for the two corrosion-resistant candidate materials. 
Corrosion rates of carbon steel are enhanced by irradiation under 
oxidizing test conditions only ; 
- a number of commercial and newly developed materials have been 
identified as best choices for operation in coal gasification 
environments, based on a laboratory-scale experimental study, which was 
carried out in the framework of a European common action (COST 501) ; 
- on-site water quality monitoring was performed during a demonstration 
reinjection test, made at the Merksplas geothermal well. 

3. CERAMIC RESEARCH - A.J. Flipot 

- Fabrication and characterization of solid breeder materials for fusion 
reactors (CEC, contract) 

With some variants of the basic lithium metasilicate fabrication method, 
it is now possible to make lithium metasilicate pellets with densities 
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ranging from 70 % T.D. to 96 % T.D. with tailored grain sizes and 
porosity patterns. New lithium metasilicate batches were fabricated to 
investigate their thermal stability, other batches ere being irradiated 
in order to evaluate the influence of some physical characteristics on 
tiieir in-pile behaviour. 
The preparation of lithium metazirconate has further been investigated 
by using different zirconia powders supplied by different companies. 
They differ in sinterability, specific surface area, crystallographic 
composition, particle size and chemical impurities. It has been found 
that the zirconia powder characteristics affect the fabrication 
parameters and the final density of the metazirconate peilets. The 
reaction rate between zirconia and lithium carbonate is also affected by 
the choice of the zirconia powders. Two important characteristics of 
lithium metazirconate have been evidenced : this compound has a thermal 
expansion coefficient two times lower than that of lithium metasilicate 
and a much more extended density range with open porosity as compared 
with lithium metasilicate. All pores can be considered as open in 
pellets with densities ranging from 70 to 93 % T.D. This property is 
very important in the extraction of tritium. 

- Irradiations 

Five lithium metasilicate batches with different density, gr in size and 
open porosity apd one lithium metazirconate batch are ready to be loaded 
in OSIRIS and HFR in order to compare their behaviour when irradiated 
under thermal- or fast neutron flux. 

- Post- irradiat ion examination 

The pellets irradiated in the first two EXOTIC irradiations have been 
fully examined. High-density pellets remain dimensionally stable when 
irradiated at 575° C to 630° C. Pellets irradiated below 500° C are 
cracked. Cracking results from the swelling due co a high tritium 
retention when the density is 96 % T.D. snd from vitrification in the 80 
% T.D. pellets loaded in EX0TIC-1. No grain growth has been observed. 
The irradiation temperature affects tritium release in high-density 
pellets : it can be governed by a diffusion-controlled mechanism. The 
irradiation temperature and structural characteristics do not exert a 
marked influence upon tritium release in the 80 % T.D. pellets of 
EX0TIC-1. Retained tritium does not seem to be altered by vitrifica
tion. Except for some batches, the fraction of open porosity has not 
changed but a rather marked increase of the mean open pore diameter has 
been found. It is probably advantageous to use high-density pellets for 
irradiation above 375° C. 

- Engineering ceramics on silicon nitride and silicon carbide (Contract 
with private industry) 

\ study of some injection moulding parameters has allowed to improve the 
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soundness of the test beams. The binder removal step has been optimized 
for the present binder composition, resulting in a drastic reduction of 
the burn-out time. Pressureless sintering of silicon nitride has been 
further investigated, using a la.'ge sintering furnace. Though high 
heating rates and short sintering times are beneficial for obtaining 
high densities in small and thin components, a compromise has been 
adopted for larger batches in order to avoid either density differences 
from piece to piece or stresses in larger components. 
A high temperature-high pressure diiatometer has also been made 
operational. Sintering tests, performed under low pressure in the 
sinter-Hi? equipment, confirmed the results obtained in conventional 
furnaces. A further hipping cycle gives a small oensity increase, which 
suggests that it will probably be very difficult to reach the theoret
ical density. Encapsulation techniques are also being investigated for 
hipping low-density materials. 
Corrosion tests of silicon nitride have been performed in the exhaust 
gases of an industrial aluminium remelting furnace : vitreous blisters 
with a complex composition have been found on the surface of the samples 
but the structure and composition of the matrix remain unchanged. 
Extrusion of silicon carbide tubes has been improved by modifying the 
composition and by intimate kneating of the extmdate as well as by 
adapting the extrus'in tools. Nevertheless, problems subsist with long 
tubes. They are thought to result from an interplay of heterogeneities 
developed during extrusion and of effects due to thermal treatments. 

- Superconducting ceramics 

An investigation has been started on superconducting ceramics as an 
extension of the superconducting alloys studied since a long time in 
other departments. Though it is relatively easy to prepare a 
superconducting ceramic based on Ba, Y, Cu and 0, the preparation of a 
stoichiometric compound is difficult. Thermogravimetric experiments and 
other tests showed the importance of both the heating cycle and the 
oxygen partial pressure in the sintering atmosphere. 

4. NUCLEAR CHEMISTRY - P. De Regge 

- Tritium research in thermonuclear fusion 

The prototype cell for tritiated water electrolysis has accumulated over 
3000 hours of continuous operation. During this period peripheral 
equipment has been tested to decrease the content of 3cid vapours and 
tritium-contaminated water in the gaseous phases. Cold traps operated 
at -30° C, a sodium hydroxide reaction vessel and a demister have been 
designed and tested. Further contacts with CEA-Valduc (France) led to a 
proposal for co-operation and execution cf high-active tests in 1989. 
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An interesting alternative to present fusion reactor designs is the 
aqueous self-cooled blanket (ASC8). An evaluation of the radiolysis 
effects in this blanket shows the need for experimental studies in 
representative conditions of coolant composition, neutron flux, 
temperature and pressure. From the data available :n literature the 
radiolysis effects are quite significant but could be reduced by an 
original SCK/CEN process. 

- Fundamental metrology of radionuclides 

The set-up and calibration of an ionization chamber in co-operation with 
the Central Bureau for Nuclear Measurements is nearly completed. The 
measurements are computer-controlled and the effects of volume variations 
have been evaluated. A new co-operation contract with the US National 
Bureau of Standards has been concluded concerning the standardization of 
* Ce and " C o and an intercomparison on * " I . Formal procedures have 
been initiated to co-ordinate the relations between SCK/CEN and the 
Belgian Calibration Organisation. 

- Radiochemical analyses and services 

In the period covered a.total of 21 burn-up determinations, 8 gadolinium 
isotopic analyses and 162 "^Am analyses were carried out for contrac
tors outside SCK/CEN. In co-operation with the BR3 and the DOEL 3 
nuclear power plants, a primary coolant characterization study has been 
started, comparable to the one carried out for the DOEL 1 & 2 reactors 
in 1979-1982. 

- Conditioning of cladding waste and associated hot-cell development 

The shielded cell accomodating the active compaction and conditioning of 
cladding waste has been completed and tested to the point where installa
tion of the heavy equipment - press, jib-arm lifting de'"".i:, we'ding 
apparatus - can be started. The gamma scanning apparatus consisting of 
the in-cell positioning frame, the collimator and the gamma spectrometer 
have been designed and constructed. The automated TIG welding apparatus 
has been tested and minor adaptions have been made for optimal hot-cell 
operation. The welding tests performed on simulated containers are in 
accordance with specifications obtained in the previous research 
programme. The transport problems associated with the active hulls have 
been solved. Further parametric tests with inactive zircaloy hulls have 
been continued to fully optimize the characteristics of the products ; 
under present conditions 80 % of the theoretical density is the 
achievable maximum. 

- Recovery of valuable fissile materials 

The recovery of highly enriched uranium for IRE has been suspended as 
the available materials have been processed with an average recovery 
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factor of 94 % with respect to the initial measured quantities. The 
residual 6 % of uranium is dispersed over a large number of small 
batches too small for economic recovery at this time. 
Under contract with BelgoNucléaire, work has started for the recovery of 
plutonium from analytical solutions produced during the characterization 
of mixed oxide fuel. Upscaling of the reference process, using ammonia
cal precipitation is being investigated together with some alternative 
processes in order to further minimize plutonium-contaminated effluents. 
A continuous extractor-precipitator has been tes:°d for the potential 
treatment of plutonium oxidrs and mixed oxides discarded as off-specifi
cation materials. 

- Research and development work for geological disposal of radwaste in 
clay 

The corrosion experiments installed ir the underground Moratory are 
fully operational. The associated redo, and pK measurements are in good 
agreement with previous data. Corrosion measurements themselves are 
being evaluated. Iimressive que/itities of data are being collected from 
the installed geomechanical instrumentation in the underground laborato
ry and also around the test drift. The development of appropriate mod
els and software simulating the response of the instrumentation led to 
significant improvements in the description of the pressure/deformation 
characteristics of the clay. 

In situ measurements and laboratory data on the ciay hydraulic conduc
tivity in representative conditions now converge to a value around 1E-12 
m/s, which is about twe orders of magnitude smaller than the value 
obtained in the regional model. From a model strdy carried out by the 
Paris Ecole des Mines it can be concluded that thermoconvective circula
tion can be induced in the aquifer above the Boom clay but the regional 
groundwater flow will prevent any significant development of convective 
cells. The heat transfer mechanism in the clay itself is dominantly 
conductive. 

From alpha radiolysis studies it can be concluded that the amount of 
hydrogen released is strongly dependent on the dose rate. The 
efficiency of radionuclide diffusion tests has greatly been improved by 
the development cf a model allowing early evaluation of the data before 
equilibrium is reached. From diffusion tests under consolidation it 
appears that the effective porosity is only 0.04 to 0.08 in comparison 
wit*i the total porosity of 0.4. 
The performance assessment studies have been centered on drinking w? ,er 
contamination by pumping from water wells and the data were introc ced 
into the BIOS' code which considers compartmented segments of the 
biosphere. The main dose is contributed from the freshwater 
compartments and is due to 229Th and 2 3 7Np. The PAGIS study has now 
been terminated. A major conclusion of the study is that the doses 
obtained from the deterministic scenarios using the best available 
estimates for all parameters, are about four orders of magnitude below 
the natural background. 
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- Demonstration and pilot facility 

Mirl 1987 12 m of gallery lined with stiff concrete liners have been 
constructed demonstrating the feasibility of excavations in non-frozen 
clay at a diameter considered for a final repository. Displacements 
observed in the clay during excavation are in agreement with calculated 
values. The pore water pressure is greatly influenced ?nd shows a 
transient behaviour within 1.5 diameter of the excavated front. Total 
pressure acting on the lining presently reaches values around 1.8 Mpa. 
The different phases of the pilot and demonstration facility have been 
subjected to debate and eventually settled on the construction of 40 m 
of concrete-lined gallery, followed Ky a transition zone and a 12 m 
gallery constructed by the Frencf ANDRA. The experiments to be 
installed have been further defined in agreement with the financing 
contractors. Next to the mine-by test being carried out, the 
"CERBEPUS" experiment, involving a combined heat and irradiation test 
has reached an advanced design stage and experimental work has been 
started. 

- Disposal oi' low-level waste on land 

The methodology for the performance and safety evaluation of a 
shallow-land burial site has been applied backwards to evaluate the 
maximum permissible concentrations of radionuclides in a given disposal 
site, within a predefined risk to a critical individual. 

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

- Physic-chemistry of Membrane research 

The SCK/CEN fabricated composite (organic/inorganic) membranes do offer 
good technical perspectives for different applications, such as the 
recovery of oil droplets from oil-water emulsions and for decoloration 
of waste dyes from the textile industry. Using a new spinn°ret 500 
meters of concentrical hollow fibres have been manufacture They could 
be assemtled in modules with a surface area of 300 cm2 whicr, have shown 
potential use for the production of a growth factor being synthesized by 
fermentation. A technique is being developed to immobilize micro-organ
ism within our PTFE-membranes without harm to their biological behaviour. 
A model caicu7ation has been developed for the absorption of CO2 from 
the inlet ai, to a fuel cell along a porous membrane structure. 

- Pilot Scale Separation techniques 

Experimental investigation on technical scale confirmed the usefulness 
of hydrocyclones to split highly polluted sludge from the Gent-Terneuzen 
canal in a disposable fraction and a hazardous fraction. Splitting by 
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hydrocyclopas thus looks feasible with respect to the heavy metal 
contaminants, but the behaviour of organic materials has to be checked. 
Further the performance of the hydrocyclone appears largely influenced 
by the viscosity c' the sludge. Therefore, systematic sludge viscosity 
measurements have been started. 
The gas filtration research on effluents from glass producing furnaces 
is focussed on the trapping of submicronic aerosols by the patented 
multi-ejector-venturi MEV system. Its industrial quality has been 
checked during 2350 hours. The industrial development has been started 
with industrial partners. The design of MEV-systems in the gas flow 
rate region from 10,000 to 100,000 m3h"^ is under way and fabrication 
procedures are being studied. 

- Process technology 

By on-line gas analysis in the 40 MWth demonstration Atmospheric Fluid 
Bed Combustor ac Beringen, the gas composition at different levels in 
this retrofitted boiler system has been determined. The addition of 
limestone to various types of coal waste resulted in a general reduction 
of the S02 content in the flue gas of about 70 %. Also the erosive 
nature of ccal ashes at different locations has been determined. The 
preparation of the in-plant material test probes is proceeding as 
planned. 
To study the material degradation under erosive conditions, a coal 
gasification test rig is being constructed and assembled. Its nominal 
throughput has been designed to be 5 kg coal pro hour. The major 
mechanical hardware has now been mounted. 

- Electrochemical Engineering 

Electrochemical degradation of dye-containing effluents from textile 
industries appears qualitatively feasible under specific working 
conditions. The rotating cylinder electrode appears very promising for 
the selective recovery of a metal from spent process effluent solutions 
and for the continuous process for metal refining. 

- Environmental engineering 

Process evaluation of a specific municipal waste composting plant 
indicated potentials for improvement of the odour control. Two real-
scale composting experiments gave the design data for the aeration 
system to be, built. In the laboratory, a technical installation is 
being assembled to study the biological degradability of the smelling 
organic compounds that can easily be collected when applying air 
extraction from the compost pile. 
The measures to be taken to sanitate heavy metal polluted soils have 
been described on the basis of an inventory of these soils in northern 
Belgium and of literature information about sanitation techniques. 
The off-gas line for the slagging incinerator HAWAI has been defined. 
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After passing a gas/air exchanger, the gases are cooled by an 
evaporative cooler before they are filtered. Gaseous contaminants are 
removed in a scrubbing unit. These different parts have been designed 
and official quotation queries have been sent out. 

6. BIOLOGY - J.R. Maisin 

The scientific programme of the Biology de^rtment can be divided in 
four main parts : 1) effects of ionizing radiation on biology organisms; 
2) the effects of radioactive and non-radioactive pollutants on ecosys
tems and associated toxicologic studies ; 3} the genetic manipulations 
on plants and micro-organisms ; 4) toxicology and medical research. 

- Effects of ionizing radiation 

The major goals of the investigations carried out on short- and 
long-term effects of ionizing radiation are the risk evaluations due to 
exposure by ionizing radiation. 
The radiation leukemia virus has been found to activate a cellular gene 
in relation with virus-induced leukemogenesis. 
Since one may suspect this gene to play a rôle also in radiation-induced 
'leukemogenesis, current studies are dealing with its molecular cloning, 
in order to establish its identity and to assess the mechanism of its 
activation by radiation. 
However, experimental evidence does not favour the idea that the 
induction of radiation leukemogenesis is directly mediated by a 
retrovir'S, but well that such a virus might play a rôle in the 
prolifei 'ion of lymphoma cells, i.e. by participating in the increase 
of ma1i,,ancy which underlies the mestastatic spread of the cancer 
cells. 
Lono-term experiments are being conducted in order to disclose a 
possible synergetic effect of radiation and a chemical carcinogen, 
diethylnitrosamine, on cancer induction in mouse liver. Preliminary 
results suggest an actual co-operation in defined experimental 
conditions. 
Finally, new research perspectives arise from studies dealing with the 
regeieration of adult rat brain following X-ray irradiation, with late 
effects of very low doses of X-rays and neutrons on the brain of rat 
embryos, with the behaviour of hemopoietic stem cells after post-natal 
X-irradiation, and with 1'ie biology of X-ray irradiated giant marine 
plant cells, e.a. Acetabularia. 

- Genetic effects of radiation 

The persistence of chromosome aberrations has been studied on a person 
accidentally exposed to ionizing radiations 20 years ago. 
Some observations have also been performed on the clastogenicity of 
ultrasound and additional experiments have been made on the lesions 
induced in mice eggs by X-ray irradiation. 
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- Toxicity of radionuclides 

The toxic effects of bone-seeking alpha-emitters are evaluated i.a. by 
their effects on the stem cells of haematopoiesis in bone narrow. 
Indeed, the origin of cancer in bone could be due to changes in the 
physiology of those stem cells. 

- Radioactive contamination of the environment 

Research is performed to assess the transfer of radionuclides through 
the food chain, from soil to plants and to animals. A particular 
attention is given to the impacts of the Chernobyl accident on both 
terrestrial i^d aquatic systems. The radiological surveillance 
programme around nuclear power plants is continuing in a satisfactory 
way. 

- Non-radioactive contamination of the environment 

An extensive physico-chemical study of Belgian surface waters and the 
physiological stress of high acidity and aluminium in aquatic animals 
is in p-oqress. Bacteria were looked for in effluents or biotopes 
contaminated with heavy metals : some './ere found exhibiting high-level 
resistance to heavy metals ; research was carried out in order to 
identify the genetic determinant of resistance (plasmids) and to study 
the mechanism of detoxication. 
The iioact of two heavy metals (cadmium and zinc) on aquatic life is 
studied by using unicellular and pericellular alg?e. 

- Study of integration, replication and biological expression of foreign 
DNA administered to different organisms 

The analysis of plasmids specifying resistance to heavy metals, has been 
extended. The bacteriocin operon has been cloned in an E. coli plasmid 
and its expression has been analysed. Results of transformation 
experiments with Arabidopsis and with grass have been consolidated and 
extended to other plant materials and foreign genes such as those coding 
for human growth hormone. Studies on the microbial degradation of 
chlorinated biphenyl are in progress. 

- Biomedical research and toxicology 

National and international laws are becoming more and more stringent 
because of the demand for better consumer protection. Before reaching 
the marker, any new compound must be evaluated for its toxicity to man 
and the environment. At the request of chemical and pharmaceutical 
companies, an increasing number of tests of toxicology 'nave been 
performed. 
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7. NUCLEAR METROLOGY SERVICE - P. Fettweis 

- Nuclear measurements 

As in the past, the main efforts of the Nuclear Spectromet.y arù Low 
Level Measurement sectionr were directed toward radiation dosimetry and 
control measurements It has to be pointed out that as a conséquence of 
the Chernobyl accident, ^'Cs and 134Cs are penetrating in the food 
chain as clearly demonstrated by the mean body burden determined by 
whole-body examination. The mean body burden fo»- non-exposed werkers 
was 260 Bq in May-June 1987 and 60 Bq in May-June 1986, w m 1 - i-t was a5 
low as 10 Bq at the end of 1985. It must, however, be noted hat the 
mean body burden due to 10/Cs was 820 Bq in September-October Vf.à, that 
is one year after the signature of the limited TEST BAN TRL-.W. It 
should be emphasized that this increased body burden disturbs th? direct 
assessment of Pu in lungs. 
The number of samples to be measured by gamma spectrometry increased 
also as a consequence of the Chernobyl accident. These measurements 
were performed partly on request of the food industry. Other food 
samples collected by IHE were radiochemically tested for the presence of 
'"Sr. Finally, samples were measured radiochemically on request of the 
Health Physics and Radiobiology departments or under contract for 
studies of the biological cycle, the site surve>, the survey of the Nete 
river basin, the Schelde river, etc. No abnormal values were detected. 

- Safeguards 

Work continued for optimizing the measurement technology for safeguards 
purposes by the participation to the PIDIE (Plutonium Isotope Determina
tion I/iternational £xercice) and the non-destructive assay of PWR spent 
and fresh fuel with" the help of an I0N-1 FORK detector and a neutron 
coincidence collar. Finally, studies are in progress for improving the 
performance of the I0N-1 FORK detector. 

8. ANALYTICAL CHEMISTRY - F.M. Lievens 

- Mineral and nuclear materials 

The Mineral Chemistry section carried out about 9000 determinations on 
2463 samples using a wide variety of analytical methods. Most of the 
work was devoted to analyses on request of private industry, and as 
support to water cooled reactors including BR2 and BR3. Important was 
also the analytical support to radioactive waste treatment, environ
mental survey, research on fusion, on energy applications and to CBMN, 
BCR and IAEA programmes. 
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- Development of analytical procedures 

ICP measurements on some reactor cooling water are hampered by the high 
concentration of boric acid. A sample clean-up procedure using methyl 
boride elimination was developed. 
Determination of copper and nickel in reactor vessel steel was made on 
irradiated test pieces ; dissolution of sample and separation of the 
elements was carried out in LHMP. and measurements were performed with 
ICP. The results of the chemical analysis were double-checked with 
N.A.A. A procedure for the determination of traces of lead by ID-MS was 
investigated. The major problem dealt with, are high reagent blanks. 
Erratic ICP measurements were observed on clay extracts. Variable humic 
acid concentration was suspected and confirmed. Pretreatment of the 
samples either by oxidation in concentrated HNO3, or ashing at 450° C 
proved efficient to restore the desired analytical accuracy. 
X-ray fluorimetry was used to examine whether the ageing process of fuel 
electrodes is linked to a decrease in platinum content in the teflon 
layer of the electrodes ; the method seems adequate. 

- Contribution to certification of reference materials 

In the frame .f Safeguards, chemical characterization of PuÛ2 and mixed 
oxide samples for non destructive analysis is planned. Sampling 
procedure and preliminary testing of the procedures have already been 
discussed with J.R.C.-Ispra. 
Isotopic mass spectrometric analyses were provided for burn-up 
determination, for the Regular European Interlaboratory Measurement 
Evaluation Programme. In the analysis of oxide dispersion-strenghtened 
ferritic steels by X-ray fluorescence, the precision was improved by 
characterizing a sample as reference material. 

- Contract activities with OVAM 

On request of OVAM, about 1000 determinations were made in the Organic 
Chemistry section. R&D activities in this field requires another 4000 
determinations to be carried out mostly on leach tests and incineration 
experiments. Three proposals for recommended reference analytical 
methods were formulated. 

- Contract activities with BCR 

The control measurement on 5 batches of 100 standard CO and NO gas 
cylinders made after the second year of storage proved excellent 
stability of the gas mixtures. 
The accuracy of S02 determinations at sub-ppm levels as established by 
and elaborate set of tests, and reported to BCR. SCK/CEN started an 
interlaboratory exercise for the determination of SO2 at 100 ppb level. 
Its completion is scheduled for the end of the year. 
Purity and/or homogeneity control was made on 11 organic reference 
materials. The laboratory also participated in a ring exercise for the 
determination of dioxine in fly-ash, and of P.C.B.'s in fish oil. 
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- Supporting activities by the Organic Chemistry section 

For SCK/CEN projects and contract work 5517 determinations were made on 
1087 samples, using several analytical methods as well in the mineral as 
organic fields. On request of industries and other institutions 3554 
determinations were made on 168 samples for elemental and organic 
constituents. 

- Environmental Impact Assessment (EIA) 

Since January this year, SCK/CEN is partner of an environmental associ
ation "Milieu en Veiligheid" with LISEC and W.E.S. for a co-ordinated 
organization of Environmental Impact Assessment (EIA). Already before 
this association, SCK/CEN was running an EIA for a large plant in the 
agro-industrial sector with collaboration of other institutes and 
covering all aspects of the problem. Through the association, SCK/CEN 
was asked to perform an Environmental Audit of a non-ferro metallurgical 
plant. 

- Calibration and primary standard management 

In many applications and for many gases, permeation tubes are extremely 
useful tools for the preparation of low- and medium-level concentrations 
of pollutants. The use of permeation devices for calibration is 
described with all the implications and good laboratory practice 
necessary to bring them to the level acceptable for primary 
standardization. 

- Gas chromatographic determination of sulphur compounds 

Sulphur compounds ha*re a great impa"'' on environment, and an automatic 
and reliable procsdure for their identification is important. A 
description is given of the gas chromatographic procedure for the 
determination of several volatile sulphur compounds like : I^S, COS, 
CS2, CH3SH, C2H5SH at the ppb level. 

- Geographical mapping of air pollution 

The advantage of a fully automated measuring system with navigational 
possibilities installed in a van ha-/a been demonstrated during field 
tests. Typical recent applications include short-term and urgent 
interventions during operation incidents in an accidental release of 
sulphur compounds. 

- Weather controlled pollutant sampler 

An automated intelligent sampling station has been put into operation. 
This station samples the environmental air at a predefined wind speed 
and wind direction. Such a station allows to measure the nuisance 
created by a given suspected source at a target location. 
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1.1 PHOTOVOLTAIC CONVERSION OF SOLAR ENERGY 

P. Nagels, J . Smeets, M. Van Roy 

This research work is pa-t ly supported by the 
R&D programme "Photovoltaic Power Generation" 
of the Commission of the European Communities. 

1.1.1 Preparation of amorphous s i l icon films 

At the present time, four reactors allowing the 
deposition of amorphous s i l icon by glow d is 
charge decomposition are in f u l l operation. 
Details about these systems can be found in a 
previous progress report (BLG 584). A serious 
problem, when fabricating p-i-n a-Si:H photo
voltaic devices in a single chamber system, is 
the cross-contamination of the active in t r ins ic 
layer by the boron and phosphorus dopants of 
the p- and n-layer. We already showed that the 
mobi l i ty- l i fe t ime product MT of the in t r ins ic 
layer i s severely influenced by the boron 
inclusion in the i- layer during the p-i-n 
deposition (BLb 597). This e f fec t , which seems 
to be inherent to a single chamber system, can 
be avoided in a separated chamber system, where 
each layer is deposited in i t s own individual 
reactor. 

A new multi-chamber plasma-enhanced CVD system 
for the preparation of amorphous si l icon solar 
cel ls was instal led in our laboratory recently. 
Fig. 1.1.1 shows a general view of this system. 
I t was constructed by Pfei f fer (FRG) in close 
collaboration with S.C.K./C.E.N. The system 
consists of six separate chambers, namely a 
load, three reaction, a dc magnetron and an 
unload chamber. The main advantages of such a 
machine are obvious: better control of the 
impurity contamination in the in t r ins ic layer 
and a higher production throughput. The direct 
coupling of a dc magnetron sputtering chamber 
to the plasma CVD reactors allows one to 
deposit the metall ic back contact without 
breaking the vacuum, so that oxygen absorption 
by the a-Si:H layers can be avoided. This w i l l 
be favourable for the contact resistance of the 
a-Si:H/metal contact. Substrates of 10x30 enr 
can be transported in both direct ions. There
fore, the mac line is also well suited for the 
fabrication of mult i- junction solar ce l l s . The 
distance between the electrodes can be varied 
between 2 and 7 cm. Each chamber is equipped 
with i t s own pumping system, consisting of a 
turbontolecular pump for the high vacuum and a 
roots vacuum pi'tnp for the process vacuum. The 
total system can be pumped down to a very low 
base pressure (= 10 mbar). The total pressure 
during the plasma process is measured by a MKS 
Baratron electronic manometer and controlled by 
a conductance valve. Each process chamber is 
equipped with three mass flow controllers for 

the automatic control of the re&ctant gases. 
The r f discharge is sustained by capacitive 
coupling tnrough the electrodes. The operation 
conditions are f u l l y microprocessor control led. 

Ouring the last six months, the system was 
bu i l t up in the laboratory. The tota l machine 
and the gas handling systems have been tested 
for vacuum tightness. The r f discharges were 
controlled under argon plasma. The transport 
system was thoroughly tested under the expected 
operating conditions. Experiments with silane 
and si lane/methane mixtures w i l l s tar t in 
September. 

1.1.2 Amorphous s i l i con solar cel ls 

The development of heterojunction io lar cel ls 
of the type glass-SnÛ2-p+ a-SiC:H-i-n+ e-Si:H 
-Al in the single chamber systems was con
tinued. An eff iciency of 7.7 % was achieved on 
a cel l area of 0.125 c m . In the previous 
nrogress report (BLG 597), we reported on the 
jevelopment of a low cost mechanical patterning 
technique for cutt ing the constituent layers of 
integrated solar ce l l s . Selective patterning 
was obtained for the SnÛ2 and the a-Si:H layers 
using th is mechanical technique. The difference 
in hardness between the metal and the a-Si:H 
layers, however, is not suf f ic ient for mechan
ical patterning of the metal layer. At present, 
we use a tape mask for patterning the metal 
layers. An eff ic iency of 3 % to 5 % was ob
tained for integrated solar cel ls with an area 
of 100 cm. The tape mask method is not econ
omical. Therefore, new patterning methods are 
under study now. 

1.1.3 Degradation of a-Si:H solar cel ls by 
current injection 

I t is well known that the performance of a-Si:H 
solar cel ls degrades by prolonged i l luminat ion. 
Experiments were started to study the degra
dation in our devices. Glass-Sn0o-p+ SiC:H 
- i - n + a-Si:H-Al solar cel ls (eff iciencies 
between 6 % and 7 %) were degraded by forward 
curre"'. injection during 210 minutes at 300 K 
and 326 K. Cells were injected with a forward 
current of 70 mA (cel l area of 0.125 cnr). At 
regular time intervals, the forward bias was 
removed for measurement of the photovoltaic 
performance under 100 ntW/cm2 Air Mass 1.5 glo
bal insolation. We used current inject ion i n 
stead of prolonged i l lumination to study degra
dation ef fects, since th is shortens the exper
imental time to a few hours. For studying l igh t 
induced effects thoroughly, cel ls need to be 
illuminated for at least 100 hours. I t is gen
eral ly found that degradation caused by current 
injection is quite similar to that caused by 
l igh t as far as the photovoltaic performance is 
concerned. Fig. 1.1.2 shows the changes of the 
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FIG. 1.1.1 General view of the new multi-chamber plasna-enhaced CVO system 

normalized conversion efficiency as a function 
of time under forward current injection for a 
typical cell. Tawada [1] reported that the 
surface temperature of amorphous silicon solar 
cells, when installed outdoors, could become 
higher than 70°C. So, our results suggest that 
cell degradation might be greatly suppressed 
when operating at high temperatures. However, 
one must also take account of the thermal 
degradation processes when cells are operated 
at higher temperatures. One type of thermal 
degradation is caused by the diffusion of the 
metal atoms (like Al or Ag) from the backside 
electrode. This can lead to a complete deterio
ration of the device after a certain period of 
thermal treatment . This effect is absent in 

our experiment due to the short period of 
forward current injection. 

The efficiency decrease in Fig. 1.1.2 can be 
fitted by a double exponential, as shown by the 
solid line. This suggests that at least two 
mechanisms are responsible for the degradation. 
To understand the underlying mechanisms that 
cause the degradation, the I-V characteristics 
for the cell operating at 300 K were analyzed 
before and after current injection using curve 
fitting (see BLG 590). The results from these 
fittings suggest that the internal electric 
field is non-uniform and peaking near the p-i 
interface. We believe that this field-distor
tion arises from the creation of a space chargj 
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FIG. 1.1.2 Normalized conversion efficiency 
versus the time of forward current injection 

in the Intrinsic layer during degradation. 
Since one of the main assumptions in our model 
for fitting, namely a uniform electric field, 
is not fulfilled, the results for the other 
fitting parameters are difficult to interpret. 

An apparatus Tor controlled prolonged illumi
nation of a-Si:H solar cells is under construc
tion now. A quartz halogen diuiroic mirror lamp 
(Philips Type 13117) will be used as a light 
source. The illumination level will be con
trolled using a filtered c-Si reference cell 
(Hamamatsu Type S-1133). The study of cell 
degradation will be continued in the future. 
Cells will be characterized by the normal 
techniques. Degradation caused by light and by 
current injection will be compared. 

Reference 
CI] Abstracts of SERI/DOE Amorphous Silicon 

Subcontractors Annual Review Meeting 
(1985) 149 

1.1.4 Secondary ion Mass Spectrometry (SIMS) 

R. De Coninck, A. Gijs 

After the acquisition of the CAMECA IMS-300 ion 
microscope, some technical problems arose with 
the electronic and mechanica: units of the 
apparatus due to worn-out contacts and uncon
trolled discharges of the high voltage supplies 
over degenerated insulators. In turn these 
discharges resulted many times in the break
down of other components. Installation of an 
emergens lir-conditioning system assisted in 
diminishing the number of discharges. 

adjustment procedure when starting took daily 
some 4 to 5 hours. Therefore a full new adjust
ment procedure was devised whereby a daily 
check and fine adjustment of the settings of 
the various voltages and diaphragms was suf
ficient. This could be done in less than one 
hour. This new procedure resulted in an optimum 
tuning which improved markedly the sensitivity 
and the precision. Hereafter a reliable new 
calibration, using various pure metal speci
mens, could be carried out. For the moment only 
some difficulties with the steering and calcu
lating computer and its programme have to be 
resolved. Also disturbances due to the unstab-
i1ized mains supply are encountered. 

Measuremer-.s were started in the framework of 
the superconductivity programme. Hot pressed 
YBa2Cu3Üx specimens, prepared in the ceramics 
department, were examined. All elements were 
detected but an important variation of the 
composition was noticed, as well over the 
surface of the specimen as in depth, and 
especially at the edges. 

Also measurements were carried out on a 
Y-Ba-Cu-0 compound, sputtered on an Al2O3 
substrate. Thermal treatment of these specimens 
is being optimized now. 

1.2 IHARACTERIZATION OF RADIOACTIVE WASTE FORMS 

1.2.1 Physico-chemical characterization of 
bituminized Eurochemic medium level waste 

P. Van Iseghem, W. 
(Belgoprocess) 

Timmermans; R. Reynders 

The physico-chemical properties of some real 
Eurobitum samples, stored since early 1983 at 
the Belgoprocess (ex-Eurochemic) site, have 
been measured. Thermal analysis to detect 
exothermal phenomena, penetration and specific 
temperatures such as the self-ignition tempera
ture were analysed. Interpretation of the 
results is in progress. 

Inactive samples have been prepared to perform 
scale-up corrosion tests. Sample sizes range 
between 1 cm3 and 11.5 dm . The corrosion tests 
will start during the second half of 1987. 

This work is done under contract with the 
European Commission, FI1W/0094, and 
NIRAS/ONDRAF (Annex 14 of R&D programme). Part 
of the work is carried out under subcontract 
between Beigoprocess and S.C.K./C.E.N. 

1.2.2 Corrosie,, studies on high-level and 
alpha-waste glasses, and cement waste form 

It was also noticed that the apparatus was 
completely out of calibration. Moreover the 

P. Van Iseghem, W. Timmermans; Du Lian Qing 
(Beijing, PR China) 
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These studies are supported by various con
tracts with the European Commission (contracts 
FI1W/0100 and FI1W/0109), and NIRAS/ONDRAF 
(Annexes 6, 7 and 14 of the R&D programme). 

1.2.2.1 Corroiion behaviour of the reference 
high-level waste glass S0N68 in pure or clay 
containing water 

A corrosion test programme has been finished to 
qualify the glass in standard conditions and to 
evaluate its compatibility with Boom clay. Two 
clay/water solutions (100 gl"1, allowing 
solution analysis, and 2000 gl" 1), and two 
temperatures (90 and 150°C) were included. Some 
conclusions (specific influence of clay on 
corrosion and elemental leaching; occurrence of 
saturation in the leachate; comparison with 
other waste glisses) were ilready mentioned in 
a previous repot (see BLG 590). 

Additional results are: 
* Kinetics of dissolution are different at 90 

and 150°C, depending also on the type of 
leachant. In distilled water (DW at 90°C, 
leaching stops quite rapidly; at 150°C 
however, leaching proceeds slowly but con
tinuously (slope Ï 0.30 in the log mass loss 
vs log t curve) (see Fig. 1.2.2.1.1). In the 
100 gl"1 clay/water mixture, kinetics are 
faster at 90°C than at 150°C. 

* Within 100 days of corrosion, subsurface 
zones of up to 10 (DW) respectively 50 urn 
(clay media) thickness (compared with a 
dissolved glass thickness between 0.2 and 
40 urn) are formed at the glass surface during 
tests at 90°C (see Fig. 1.2.2.1.2). Their 
composition depends on the corrosion medium; 
Al-Na(-Si) enriched zones in DW, and Zn 
depleted zones in clay media are the most 
typical features. The Al-Na rich subsurface 
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zone is believed to play an important role in 
the strongly reduced corrosion in DW. 

1.2.2.2 Corrosion mechanisms of waste glasses 
in clay 

The present studies aim to elucidate the 
corrosion and leaching mechanisms in clay 
media, and to evaluate the role of the surface 
("reaction") layer generated during corrosion. 
The leaching of both the glass matrix 
components (Si, B, ...) and the waste 
components (Cs, Sr, Tc, Pu, Np) is studied. The 
following glasses were selected: COGEMA glass 
S0N68, DWK reference glasses* SM513 and SM527, 
and FLK-TRUW reference glass WG124. The cor
rosion media consist of Boom clay sampled on 
the S.C.K./C.E.N, site, and synthetic inter
stitial clay-water ("SIC"; composition see 
previous progress report BLG597); the con
ditions during the tests are kept reducing 
(En s - 200 mV), to simulate the clay reposi
tory conditions. 

* COGEMA: French company for reprocessing of 
nuclear fuel 
DWK: German company for reprocessing of 
nuclear fuel 

1.2.2.2.1 Inactive corrosion tests 

* Elemental leaching studies 
Corrosion tests are under way in two clay 
media (10 and 500 gl"1 clay/SIC solutions), 
at 90°C. Test durations of 80 days were 
reached; analysis of the leachates, after 
separation of the particles larger than 
0.45 urn (such as clay) by centrifuging at 
5000 rpm, is in progress. 

* Role of the surface layer 
Corrosion tests were started in the 500 gl"1 

clay/SIC mixture, at temperatures of 40, 90 
and 190°C, for maximum durations of one yea. . 

1.2.2.2.2 Trace» corrosion tests 

Batches of tracered glasses S0N68, SM513 and 
SM527 were prepared, by doping pre-melted, 
inactive glass "frit", with about 1 MBq per 
gram glass of Z 3 9Pu, 134Cs or 90Sr. The 
homogeneity of the tracer distribution was 
controlled by measuring the specific Y-activity 
(for, e.g. *™Cs) of some glass pieces. Despite 
a careful melting procedure, deviations in 
tracer concentration up to a factor of two were 
found. 

Corrosion experiments were started on Pu-Cs-Sr 
tracered glasses SM513 and S0N68 in the 
500 gl"1 clay/SIC solution. Test durations of 
80 days were reached. The leachates are high 
speed centrifuged and ultrafiltered. to separ
ate particles at a limit of 10 molecular 

weight units (HW'ü; 105 MWU is the currently 
assumed upper limit for mobility through clay). 
First results indicate that: 
l°The radioactive elements leach with quite the 
same kinetics as the glass as a whole (Slope 
between 0.75 and 1.0 in the log [Q-| ̂ ] vs log 
t plot, Q-j i being the total amoun* of 
element i leached). 

2cThe concentration of Pu in the mob'le form is 
about 10"9 mol 1"1. 

3 ° ^ , the distribution coefficient between 
liquid and clay (in ml g ), for Pu ranges 
between 100 and 450, for Cs between 100 and 
250, and for Sr between 40 and 350. 

1.2.2.2.3 Influence of an external y radiation 
field on corrosion 

The first irradiation test campaign has been 
finished. Irradiations of 50, 10O, 340, 670 and 
1000 hours, with a v irradiation dose rate of 
0.63 x 10a rad h"1 were carried out. Hydrogen 
was found to be the major radiolytic gas. The 
production of H2 in the Boom clay/distilled 
water mixtures fitted quite well with litera
ture data, with G-values (amount of gas mol
ecules produced per 100 eV) of about 0.10 for 
clay, and about 0.45 for water. The amount of 
hydrogen produced in the whole experimental 
set-up, consisting of some 35 irradiation cups, 
does not yield safety problems (explosion, in 
case of accidental fracturing of the ir
radiation cups). 

1.2.2.2.4 In-s i tu tests 

The in-s i tu tests in the underground laboratory 
(S.C.K./C.E.N, s i te) in the clay derived 
atmosphere were loaded with samples, and heated 
up (one at clay host temperature, two at 90°C, 
one at 170°C); they are run in collaboration 
with Dr Debruyn (Metallurgy department). The 
important water permeation through the f i l t e r 
wall (100 ml m"2 d " 1 at host temperature, 
increasing with increasing temperature) 
necessitates continuous pumping of the test 
zone within the tubes. 

Laboratory simulation tests ( in non-diluted 
Boom clay) of the in-s i tu experiments in direct 
contact with clay are under way since more than 
half a year. The mass losses measured on the 
glasses are almost equal to those measured in 
more di luted clay media (> 500 g l " 1 ) . The time 
and temperature (90 *-* 170°C) dependences 
d i f fe r depending on the type of glass. 

The cement waste form tested used by COGEMA for 
cladding hulls conditioning, exhibits a very 
large i n i t i a l mass loss, which, however, 
stabil izes afterwards. Surface layers of up to 
30 um thick are formed on both the glass S0N68 
and the cement. 
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1.2.2.2.5 Repository system simulation test 

The test campaign for the repository systems 
simulation test has been started. The test aims 
at studying the waste glass dissolution in a 
representation repository environment, includ
ing the presence of clay water, canister 
material, backfill and clay. The experimental 
conditions are: 90-150°C, equilibrium pressure 
(BLG 597); in addition, it was decided to mix 
backfill and clay components within the test 
container. The experiments started relate to 
the 90°C test on inactive glass samples. During 
the second semester of 1987, similar tests will 
be started at 150°C, and at 90°C, but using 
tracered glass. 

1.3 METAL PHYSICS 

Superconductivity remains the main topic in the 
studies on physical properties which have been 
carried out by our group in the f i r s t half of 
1987. Ouring this period the sc ient i f ic world 
became excited by the sudden jump in the 
maximum c r i t i ca l temperature which rose to 
about 90 K in the YjBajl^Ojc ceramic. Samples 
of this material have been prepared and their 
metallic l i ke electronic behaviour has 'jeen 
measured. 

1.3.1 Superconductivity 

A. Van den Bosch, J . Cornel i s , N. Maene, 
F. Biermans, J . Vansuirmeren, H. Ooms 

As mentioned above, research ac t iv i t ies were 
influenced by the appearance of the high Tc 

superconducting ceramics. 

1.3.1.1 Precise f i e l d measurements 

As announced in the Magnet Technology-9 Confer
ence Cl] a precise set-up was bu i l t for 
measuring the relationship between the voltage 
in a Hall sensor and the magnetic induction 
f i e ld at 4.3 K. The system mainly consists of 
three parts: 1) the f i e l d measuring device; 
2) the superconductive magnet and 3) the iragnet 
power supply. The Hall sensor f i e ld measuring 
device 1s f i t t e d with a computer controlled 
current chopping and reversing c i rcu i t which 
allows the elimination of thermoelectric power. 
The sensi t iv i ty is about 0.2 ml' (BLG 590). The 
8 T magnet (M2) is made up of three concentric 
coi ls and was wound with NbTi multifilamentary 
wire in order to get minimum hysteresis. Also 
only low magnetic suscept ibi l i ty materials were 
used in order to make the magnetic induction 
f i e ld closely proportional to the magnet 
current. The dc power source generates current 
intensit ies up to 200 A of either polar i ty 

(BLG 597). I t is capable of generating 
continuous sweeps, crossing the zero at a 
constant ra te, with a precision of 2 mA over 
the f u l l range. 

Measurements of f u l l hysteresis loops have been 
carried out on the magnet with maximum induc
t ion f i e l d of 8 T. The hysteresis measured 
along the axis is rather small at midplane 
l e v e l ; i t is 0.4 mT at zero induction f i e l d . At 
80 mm above th is level the hysteresis reaches 
5.1 mT. The la t te r persists to a lesser degree 
even near the maximum induction. Of course, the 
analysis had to take into account the osc i l 
lat ions in the Hall response curves, which ; ave 
been reported at MT-9. Indeed, the amplitude of 
the osci l la t ions grows with increasing magnetic 
f i e l d to reach the equivalent of about 30 mT at 
8 T. The set-up allowed to study the hysteresis 
behaviour of our magnet. The work has been 
presented at the Belgian Physical Society 
Meeting held at LUC. 

1.3.1.2 Short sample c r i t i ca l current set-up 

After 8 years of re l iable service our ccraier-
c i a l l y procured 13 tesla f ^Sn superconducting 
magnet had degraded. To answer the most urgent 
short term needs, a 10 tesla NbTi set-up is 
under construction at our ins t i tu te for 
measuring the c r i t i c a l currents on short 
samples of technological superconducting wi'-es. 
The construction is an extrapolation of the 
apparatus bu i l t for the precise hysteresis 
measurements. A variable temperature cryostat 
was mad°. and inserted in the magnet. At 4.3 K 
i t s influence on the magnetic induction f i e l d , 
measured on the axis near midplane, is observed 
to be negligible for a l l practical purposes. In 
the present set-up the sample space, with inner 
diameter of 52 mm, is 25 percent larger than 
that in the ear l ier set-up; the present access 
to the sample space, however, is much smaller 
so that new sample holders have been developed. 
The new design allows the change of the samples 
on the holders to Le carried out more quickly 
between two measurements. Simulations of 
c r i t i ca l current experiments, measuring the 
resistance of shunts at 4.3 K up to 8 T, have 
been carried out in order to optimize the 
measuring procedure. For an easy detection of 
the l iqu id helium level in the insert , carbon 
glass resistors have been mounted on the sample 
holders. 

With the measuring cryostat inserted the magnet 
temperature could be reduced to about 2.4 K by 
pumping the l iqu id helium away. The magnetic 
induction f i e l d has been increased up to 10.5 T 
without a quench. Making a l l subsets oper
ational together is the last step in the 
construction of the apparatus for measuring 
c r i t i ca l currents on technological superconduc-
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tive wires i.. fields up to 10 T. 

1.3.1.3 Superconductive magnets 

The construction of a high field high gradient 
magnetic separation system with the super
conducting HMS2 magnet has been reported 
previously (BLG 597). As a spin-off the appar
atus was used for studying the influence of 
magnetic induction fields on the optimization 
of the non-destructive testing of ferritic 
steel tubes by AC induction measurements. An 
exploratory experiment enabled research workers 
of tne LMHA department to evaluate the possi
bilities in this domain. 

1.3.1.4 Ceramic superconductors 

Samples of the ceramic Y^f^Cu-jO^ superconduc
ting material have been prepared in collabor
ation with the ceramic department of our 
institute (R. Gilissen and J. Cooymans). The 
magnetic behaviour of these samples has been 
measured following the Faraday method. In the 
experiments the sample is cooled down in a 
constant magnetic field from a temperature 
above 91 K to the measuring temperature Tm 

below the critical temperature T.. The flux is 
expelled by the Meissner-Ochsenfeld effect and 
induces a magnetic moment which has been 
measured. For non-ideal samples the flux 
expulsion is not complete. Using a chopping 
mode and alternating the direction of the 
measuring coil current I,,,, a permanent moment 
can be determined from the force exerted on the 
microbalance. The same data also yield an 
induced moment which is due to the zero resist
ance of the material at Tm prohibiting flux 
penetration into the sample. In another kind of 
experiments the sample is cooled slowly from 
above Tc while m?asuring with Im = 0.9 A. The 
force becomes different from zero at the 
critical temperature Tc< For the data shown in 
Fig. 1.3.1.4, Tc = 90 K. The data have been 
presented at the European Workshop en "High Tc 

superconductors and potential applications, 
held at Genova, Italy. 

1.3.2 Magnetic susceptibility 

A. Van den Bosch, J. Vansummeren 

In the early part of the period considered, the 
magnetization of small lead discs has been 
studied ouantitatively followirg the Faraday 
method. The data and their analysis have been 
presented at the 22™ international micro-
balance techniques conference, held in Rabat, 
Morocco. 

In fact, the behaviour of the lead discs just 
below their superconductive critical tempera
ture (7.2 K) is very similar to that observed 
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in YjBa2Cu3Ûx ceramic superconductors just 
below their critical temperature (90 K ) . The 
similarity allowed to speed up the interpret
ation of the measurements of the ceramic 
superconductors, carried out in the second half 
of the period covered by this report. 

The magnetic susceptibility of an YiBa2Cu3Ûx 
superconductive ceramic slab has also been 
measured above T. up to room temperature. In 
this temperature region a temperature indepen
dent paramagnetic susceptibility is observed. 
It is attributed to the Pauli paramagnetism of 
the metallic like conduction electrons. 

Static magnetic susceptibility values had been 
measured on a fast neutron irradiated a-quartz 
single crystal, subjected to an isochronal 
annealing treatment. The sample was kindly 
procured by Or C. Laermans of the KUL. The 
analysis of the data yields unpaired electron 
concentrations which are in the non-inter
acting, the ferromagnetically and the anti-
ferromagnetically coupled states. At room 
temperature, the unpaired electron fractions in 
these states are 0.4, 0.2 and 0.4. respect
ively. The relative concentrations remain 
nearly unaltered during heat treatments up to 
550°C. The electronic configurations of the 
defect centers in a-quartz, for the fast 
neutron fluence considered, seem to be stable 
up to the annealing of the defects. This 
observation was compared to results, obtained 
by C. Laermans and A. Vanelstraete (KUL) in an 
annealing experiment studied by ultrasonic 
methods. The discussion resulted in a contri
bution to the International Conference on 
Radiation Effects in Insulators-4, held in 
Lyon, France. 
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1.4 TRANSMISSION ELECTRON MICROSCOPY 

1.4.1 Grain boundaries and their effect on 
mechanical and electrical properties 

J.G. Antonopoulos, P. Ayed, A. Bary, 
G.L. Bleris, P. Oelavignette, S. Hagège, 
J.F. Hamel, A. Ihlal, Th. Karakostas, 
Ph. Komninou, S. Lay, G. Nouet, 
E.K. Polychroniadis, F.W. Schapink, 
A.D. Stalios, J. Vicens 

The general method for the characterization of 
grain boundaries in transmission electron 
microscopy (TEM) has been developed in several 
specialized workshops [1,2], More specifically, 
the particular instrumental needs concerning 
precise orientation determinations in a TEM 
have been developed in the presence of the 
manufacturers [21. The convergent beam electron 
diffraction (CBED) is used for orientation 
determinations making full use of the Kikuchi 
line systems. This technique is not accessible 
with the Philips EM300 and the Jeol 200 CX 
microscopes. In the frame of a Scientific 
Cooperation Contract supported by the European 
Communities, a collaboration with the Univer
sity of Delft has been started concerning the 
application of the grain boundary (GB) charac
terization method to the CBEO technique. 

Low angle grain boundaries are commonly ob
served in commercial polycrystalline silicon 
used in photovoltaic cells. In collaboration 
with the University of Caen, their leometrical 
characteristics have been compareo to their 
electrical activity using the electron beam 
induced current (EBIC) technique [3]. Pure 
twist boundaries are commonly observed contain
ing hexagonal networks of perfect screw dislo
cations characterized by rotation angles 
typically of the order of 5'. Pure tilt bound
aries are also observed consisting of perfect 
edge dislocations, corresponding to rotation 
angles of the order of 30' or less. More 
complex grain boundaries are also observed. 

In collaboration with the University o* Caen, 
the deviation from the coincidence orientation 
has been analysed in grain boundaries in 
tungsten carbide, WC C4Î. Mainly pure tilt 
deviations have been observed in coincidences 

of the typt £ = 2. The grain boundaries have 
also been studied by High Resolution Electron 
Microscopy. 

In collaboration with the University of 
Thessaloniki, the deformation twinning has been 
investigated in zinc. This mechanism is the 
predominant deformation mode in hexagonal close 
packed metals. The dislocation content of the 
(10I2)[I011] twin boundary has been analysed in 
order to present a more detailed description of 
the twinning mechanism. Tilt-type dislocations 
were analysed, which have the following Burgers 
vector: 6 = 1/4 [1011]. They are responsible of 
a slight tilt of the two twin-oriented el
ements. Their direction has been determined by 
contrast experiments, and their magnitude has 
been determined from the small rotation angle. 
Twin-type dislocations have also been detected 
which have the following Burgers vector: 
5 = 1/4 [1011], They are responsible for the 
growth of the twin. Their direction has been 
determined by contrast experiments, and their 
magnitude has been deduced from the magnitude 
of growth of the twin. From this analysis, a 
growth mechanism has been proposed. Tilt- and 
twin-type dislocations have therefore a similar 
nature, they are both involved in the defor
mation mechanism. 

A topotactic phase transformation has been 
observed and analysed in diopside. The new 
phase is of the amphibole type. These two 
structures are closely related: they are both 
monoclinic with the same parameters, except 
that the b parameter in amphibole is twice the 
b parameter in diopside. Both structures are 
based on chains of SiO^ tetrahedra sharing two 
opposite corners and running along the c axis: 
single chains for diopside and double chains 
for amphiboles. The amphibole phase grew on 
diopside in an orientation corresponding to the 
prevailing deformation twin orientation of 
diopside: K1 = (100), nj = [001] (two different 
twin modes are known in diopside). 

1.4.2 Microstructure of steels and alloys 

A. Art, J.M. Cayphas, L. Coheur, 
P. Delavignette, J.M, Oepauw, M. Geladi-Heylen, 
D. Geshef, M. Hou, G. Severne 

In collaboration with the two Universities of 
Brussels (ULB and VUB), the growth of He 
bubbles has been investigated in He implanted 
stainless steel in order to analyse their 
configurations and their interactions with 
crystalline imperfections like dislocations, 
twin boundaries and grain boundaries of differ
ent types, also their interactions with the 
surface!. Statistical measurements have shown 
that the r' . faces introduced after the treat
ment (the „ninning process) have no influence 
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on the bubble configurations, .while the bubbles 
agglomerated preferentially on the dislocations 
and on the twin boundaries. Also the possible 
presence of depleted zones in the vicinity of 
grain boundaries has been investigated. 

An investigation of implantation defects has 
been started in collaboration with the Faculté 
Notre Dane de la Paix de Namur (FNDP) (a 
research performed in the frame of an ECC 
stimulation contract bgtween the FNDP, the 
Institute of Physics of Arhus and Kemforschung 
Zentrum Karlsruhe concerning the improvement of 
coating characteristics of metals by heavy ion 
implantation). The implantation conditions are: 
5.1015 to 10 1 7 at/cm2, 400 keV, ionic current 
10 gA. Implantation characteristics of Kr and 
Rb particles on Ni have been compared. No 
precipitation of Rb or any Rb compound has been 
detected. The presence of Kr bubbles has been 
established. The formation of an A1N coating 
has been demonstrated by N implantation on an 
Al substrate: electron diffraction revealed the 
presence of a fine grained A1N layer. Further 
implantation of this layer is examined. 

Different ODS Fe alloys have been examined in 
order to define their grain configuration, the 
oxide dispersion and the dislocation content 
[5]. Si based superalloys have also been 
examined in which different ordered phases have 
been analysed. 

1.4.3 Various studies 

M. Delavignette, P. Delavignette, R. Kemps, 
B. Koch, A. Monjoie, L. Neyens, A.D. Stalios, 
W. Stinissen, J. Thorez 

Pt catalyst deposited on graphite or on other 
amorphous carbon substrates used as basic 
materials for fuel cell electrodes have been 
analysed on untreated and treated electrodes. 
Pt crystallites are found to be subjected to 
some reaction on a graphite substrate, not on 
an amorphous c-rbon. An agglomeration of the Pt 
crystallites is also observed. 

The first stages of the crystallization process 
in a ferrisilicate o-waste glass have been 
investigated [6] using TEM and EDX. The dislo
cation content in a mineral diopside has also 
been investigated. 

Routine determinations of the different asbes
tos particles present in air samples have been 
performed using TEM and EDX. 

In collaboration with the University of Liège 
(ULg), a systematic study of the crystalline 
characteristics and the chemical composition of 
different carbonates has been performed: 
calcite, Mg-calcite and Sr-calcite. 

In collaboration with ULg, the different phases 
present in clay particles have been investi
gated using electron miroscopy, electron 
diffraction and EDX. 

The conditions in which an elemental analysis 
is performed in TEM and in SEM using an energy 
dispersive X-ray analyser (EDX) have been 
examined in detail and a comparative study of 
their characteristics has been presented [7]. 
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1.5 MECHANICAL AND THERMOPHYSICAL MEASUREMENTS 

1.5.1 Internal friction in PET (polyethylene 
terephthalate) 

R. De Batist, S. El-Sayed 

The effects of crystallization on the mechan
ical properties of PET specimens, have been 
investigated, as well as the effect of 
Y-irradiation on the most highly crystalline 
material obtained. 

Crystallization of PET from the amorphous state 
has been carried out by sealing amorphous 
specimens in pyrex glass tubes evacuated 
(z 10"5 Torr) and heated to various tempera
tures ranging from 90 to 245°C, to induce 
different degrees of crystallinity. 

Using the Perkin-Elmer differential scanning 
calorimeter, a group of melting curves for PET 
senricrystalline specimens were recorded. 
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The specimens were approximately 15 mg and 
heating rate was 10°C/min. Some of the speci
mens show double melting endotherms which ar? 
attributed to partial melting of crystallites 
formed during annealing followed by recrystal-
lization duiing scanning. 

The melting temperature increases with increas
ing crystallization temperature and the area of 
the melting endotherm also increases. The glass 
transition was also determined for the same 
specimens; it exhibits an increase with 
increasing degree of crystallinity, reaching 
its maximum shift for the specimen annealed to 
150°C and then decreased again for the speci
mens annealed to 200, 225 and 230°C. For 
specimens annealed to 245°C (which we suppose 
to have the highest degree of crystallinity) we 
can not detect the glass transition temperature 
(Tg). 

The degree of crystallinity x is determined 
from density measurements using the following 
equation 

"density = (p-Pa)
/pc"pa 

where p is the density of the semi crystal l ine 
sample , , , 
p c is the density of a perfect crystal of the 
polymer (PC = 1.445 g/cm3 at 25eC) 
Pa is the density of amorphous PET 
(pa = 1.335 g/cm

3 at 25°C). 

The density of the specimen annealed at 245CC 
was found to be 1.41 g/cm3; hence xd = 68.4 %. 
The degree of crystallinity was also obtained 
from the heat of fusion: &Q$Q = *Hex/6H°, where 
6H° = 28.1 cal/g is the heat of fusion of fully 
crystalline PET. The heat of fusion for a 
specimen annealed to 245°C was found to be 
18.8 cal/g, so that the corresponding degree of 
crystallinity of that specimen is xp$c = 67 %, 
which agrees well with the value derived from 
the density. 

Annealing to 245°C yields the highest degree of 
crystallinity obtainable in PET. Such specimens 
were used for studying the effect of r-ir-
radiation. The irradiation conditions were the 
sane as described before an I the fluence ranged 
from 0 to 1000 megarad. 

The modulus measured in the B region at 210 K 
appears to increase first and then to decrease 
with increasing fluence, the S peak height 
follows a monotonously decreasing trend. Such a 
monotonous trend appears to be followed also by 
the thermal data (heat of fusion, melting 
point), which appear to increase gradually. 

the initial cross linking is gradually over
taken at higher doses by chain scission. The 
resulting decrease in crystalline perfection of 
the crystalline phase leads to the observed 
decrease in t' • values of thermal quantities Tp 

and 6H. 

1.5.2 Thermal conductivity, intercomparison 
campaign CEC-BCR 

R. De Coninck, A. Gijs 

After conclusion of thi measurements on 
"Skamolex" (CaSiOj) as a proposed reference 
material for thermal conductivity at high 
temperatures, as part of an intercomparison 
campaign conducted by the CEC-BCR (contract 
nr. 2405/l/4/268/2-BCR-B(10)), the final report 
was subn.itted. 

At a meeting in Brussels, the results of this 
campaign were discussed by the participants (14 
specialists representing 5 European countries 
as well as the CEC-BCR) . 

It is worthwhile to emphasize that the method 
used in our laboratory (modulated electron beam 
diffusivity) revealed an anisotropy of the 
material under test of the order of 15 % (also 
found by IKE, Stuttgart) and also that the 
contribution of internal radiation (and also 
convection and conduction) to the heat transfer 
process appeared to he most probably very 
important. This applies also to our observation 
of density anisotropy (also found by IS0VER, 
St.-Gobain). 

Proposals for other reference materials for 
high temperature thermal conductivity were 
discussed and will be presented at a later 
meeting. 

1.5.3 Support to industry 

R. Oe Coninck, A. Gijs 

In the framework of K.B 123 technical and 
sc ient i f ic support has been lent to a Belgian 
f i rm. The intention is the design and construc
tion of an industr ial pyrometer. The working 
principle has been fixed and now the laboratory 
test phase, which w i l l permit to decide on the 
choice of the various possible components, is 
under way. 

The thtrmal conductivity around room temper
ature of compressed fly-ashes from the Langerlo 
Power Station has been determined in the scope 
of an OVAM contract concerning recuperation of 
fly-ashes. 

As for the amorphous material, i t can be 
concluded that also in the crystal l ine phase 
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operation, enabling a detection of the alpha 
part ic le energy together with a determination 
of i t s angular d is t r ibu t ion . This chamber has 
been instal led at a 9 m f l ight-path of Gelina 
and is being tested with resonance neutrons. 

1.6 NUCLEAR PHYSICS 

1.6.1 NeuTon Spectrometry 

Joint S.C.K./C.E.N.-CBNM-RUCA-RUG-VUB neutron 
cross-section programme 

1.6:1.1 Ground state part ial radiative widths 
of 2°Si+n resonances [1] 

H. Weigmann (CBNM Geel); P. Martin (Univ. 
Br i t i sh Columbia, Vancouver, Canada); 
F. Poortmans; J.A. Wartena (CBNM Geel) 

Ground state part ia l radiative widths of 
neutron resonances in toSi+n have been 
measured. A complete resonance analysis, 
including also the Z8Si tota l cross section, 
has been carried out up to 2.75 MeV neutron 
energy, but capture yield data for strongly 
radiating resonances are available up to 
4.6 MeV. No signi f icant correlation between 
reduced neutron and part ia l radiative widths of 
3/2"resonances is observed, indicating that 
radiative capture in 28Si+n does not proceed 
via a simple valence mechanism. The detected Ml 
strength in " S i is much smaller than that 
reported fo r " S i . Very strong E2 transit ions 
from two 5/2+ resonances to the z 'S i ground 
state have'been observed. 

1.6.1.2 Ground state part ial radiative widths 
of zo'Pb+n resonances and Ml and E2 strengths 
in 208Pb [1 ] 

H. Weigmann , R. Kohier (CBNM Geel); 
F. Poortmans; S. Raman (ORNL, Oak Ridge, USA); 
J.A. Wartena (CBNM Geel) 

Ground state part ia l radiative widths of 
neutron resonances in Z07Pb+n have been 
measured. A resonance analysis has been carried 
out in a complete manner below 700 keV neutron 
energy, and for selected strongly radiating 
resonances up to 1 MeV. The total magnetic 
dipole strength detected above neutron separ
ation energy is only 6.8 MQ. but the observed 
appreciable fragmentation of the Ml strength 
suggests that considerable strength is missed 
at excitation energies above 8 MeV. The elec
t r i c quadrupole strength observed between 
neutron separation energy and 8.2 MeV is 
distr ibuted rather uniformly, and corresponds 
to 4.9 % of the energy-weighted sum-rule for 
isoscalar E2 transit ions. 

1.6.1.3 Study of the 41Ca (n,a)38Ar reaction 

C. Wagemans (NFWO/FNRS, RU Gent and 
S.C.K./C.E.N.); H. Weigmann (CBNM Geel) 

A gas flow ionization chamber has been put into 

1.6.2 Studies on nuclear fission 

(Joint S.C.K./C.E.N. - CBNM - RUG programme) 

1.6.2.1 Fission cross-section measurements at 
Gelina 

C. Wagemans (NFWO/FNRS, RU Gent and 
S.C.K./C.E.N.); P. Schillebeeckx, A. Deruytter 
(CBNM Geel) 

The Z33U(n,f) cross-section has been measured 
down to 1 meV neutron energy, using the cold 
moderator installed at Gelina. These results 
are being analysed simultaneously with our 
previous measurements on " U and '-"Pu per
formed under the same experimental conditions. 

1.6.2.2 Investigation of the 235mU(n,f) 
reaction 

A. D'Eer (RU Gent and S.C.K./C.E.N.); 
C. Wagemans (NFWO/FNRS, RU Gent and 
S.C.K./C.E.N.); M. Nève de Mévergnies; 
F. Gönnenwein (Univ. Tubingen, FRG); 
P. Geltenbort (I.L.L. Grenoble, France), 
M.S. Moore (Los Alamos Nat Lab., USA) 

The " 5 mU(n t h,f) cross-section is of importance 
for the neutronics of chain reactions. From a 
physical point of view, the comparison of this 
reaction cross-section with that of 
Z359u(ntn,f) enables to study the influence of 
the target spin on the fission probability, 
23^9u and " 5 n ,u having very different spin 
values (7/2" resp. l/2+). A major problem for 
these measurements was the target preparation, 
the half-life of the z-"mu isomer being only 
26 min. This implied that an easy operating 
routine system for the production of 2 3 5 mu 
targets was needed in the vicinity of the 
neutron irradiation facility. Such a system has 
been realized in collaboration with J. Pauwels 
et al. of CBNM Geel [2]. This system has been 
installed at the Institute Laue-Langevin 
(Grenoble), where measurements have been 
performed with neutron spectra with peak 
energies of 5 meV and 28 meV and beam fluxes of 
1.5 x 109 and 1.2 x 1010 neutrons crn^s"1, 
respectively. The cross-section ratio of isomer 
to ground state <Jm/a is measured to be 
1.61 ± 0.44 with 5 meV neutrons and 2.47 ± 0.45 
with 28 meV neurons. These values suggest a 
possible energy dependence of am/oq. which 
might indicate the presence of a low-energy 
resonance in the 23^mU(n,f) cross-section. 
However, the uncertainties on the results 
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obtained with 5 mew and with 28 meV neutrons 
are s l igh t l y overlapping, hence excluding a 
strong statement in this respect. 

Anyhow, our results clearly demonstrate that 
a™ > a„ , which can be explained by the ci i f fer-
ence in spin and panty between t J j y u 
( P = 7/2" , leading to J* = 3" , 4" compound 
states with slow neutrons) and the isomer 
( P = l / 2 + , leading to J ' = 0+ , 1+). I f we 
consider the spectrum of t ransi t ion states at 
the saddle point for an even-even transit ion 
nucleus, i t is obvious that the 0+ state is 
energetically s'rongly favoured above the other 
three states. This preference is reflected e.g. 
in the average f iss ion widths obtained for 
2 3 9Pu(n, f ) , being 2.27 eV for 0+ and 35 meV for 
1 + resonances, respectively, and for " ï>U(n, f ) , 
being 180 meV for 3" and 91 meV for 4" reson
ances, respectively. So the observed om > a- is 
a strong indication of the dojninance of the 0+ 

state in the f iss ion of 235mu by low-energy 
neutrons. 

1.6.2.3 Studies of f iss ion fragment properties 

C. Wagemans (NFWO/FNRS, RU Gent and 
S.C.K./C.E.N.); P. Schillebeeckx, A. Deruytter 
(CBNM Geel); J.P. Bocquet (ILL Grenoble, 
France) 

In the frame of a systematic study of the 
f ission fragment mass and energy distr ibutions 
of the plutonium isotopes, the measurements of 
the " ° P u ( s . f ) reaction relat ive to 
" ' P u ( n t h , f ) have been continued at the BRI 
reactor. 

At the high f lux reactor of the ILL (Grenoble), 
a study of the proton and deuteron emission in 
the ternary f ission of the actinides has been 
started. 

1.6.3 Nuclear Spectroscopy 

1.6.3.1. Neutron capture y-rays with Ge-
detectors: Study of the As level scheme [1] 

F. Hoyler, G. Colvin, K. Schreckenbach, 
H.G. Borner, S.J. Robinson, J . Jol ie (ILL 
Grenoble, France); P. Van Isacker (Sussex, 
U.K.); P. Fettweis (S.C.K./C.E.N.); 
J.C. Dehaes (ULB Brussels); H. Göktürk (METU, 
Ankara) 

The extensive y-y coincidence spectra collected 
at the Rl beam f a c i l i t y together with precise 
energy determinations with the help of the 
GAMS1 and GAMS2/3 spectrometers at the ILL 
allowed to construct a consistent level scheme 
of 62 levels accounting for 190 transit ions out 
of the 320 assigned to '5As. Furthermore for 15 
of the stronger transit ions mult ipolari t ies 

could be inferred from conversion electron 
spectra obtained with the he1? of the BILL 
B-spectrometer at the ILL. 

Finally primary y-ray spectra were studied 
following capture in the As target with mean 
energies of 2 and 24 keV, using the tai lored 
beam f a c i l i t y of the HFBR at BNL C31. The 
average level spacing for the 1 ' and 2" capture 
states amounts to approximately 125 eV. With 
th is spacing only 8 levels contribute in 
averaging the primary y-strength to a given 
level in the f ina l nucleus. Thus the averaged 
resonance capture measurements can not y ie ld 
unique spin assignments for this nucleus. But 
the ra t io of the reduced intensi t ies between 
the 2 and 24 keV spectra as well as the energy 
displacement do provide a means to assign 
primary y- rays to 6As and to res t r i c t spin 
and pari ty of these levels. The primary y-rays 
after thermal neutron capture were measured at 
the ILL and at C.E.N./S.C.K. and served as an 
additional argument to establish levels in 
76As. 

Combination with existing data of the 
'°Ge(p,ny)-reaction [4,5] and the 
7^As(d,p)-reaction [63 allowed further res t r i c 
tions on the spin and parity of the levels in 
'°As. A l i s t of the level energies below 
600 keV is given in Table 1.6.3.1. Details 
about the measurements and the result ing level 
scheme w i l l be given in a forthcoming pub l i 
cat ion. 

Table 1.6.3.1 Level energies below 600 keV for 
76As. 

Ex [keV] J T ExCkeV] J * Ex[keV] J if 

0.000 
44.426 
86.788 
120.258 
122.247 
165.051 
203.541 
211.149 
235.874 
239.924 
264.810 
281.560 

2 -
1 + 
1 + 
1 + 
1 -
3 -
0 + 
4 -
3 -

1 •!• 

292.562 
300.465 
308.323 
328.479 
352.368 
363.912 
366.223 
383.618 
401.833 
404.427 
436.823 
447.170 

457.353 1,2 -
1,3 - 471.000 0,3 + 
2 + 473.152 
(4) (-) 479.303 >4 
3 - 499.580 2,3 + 
1-3 - 505.207 2,3 + 
>3 517.579 1,2 + 

519.608 
1-3 + 544.028 1-3 -

550.449 
3 - 562.690 
1,2 + 577.674 

The precise level energies result ing from the 
crystal spectrometer measurement and the 
energies of the primary transitions were used 
to determine the neutron binding energy in '6As 
to S„ = 7328.56(10) keV. 

Attempts are in progress to discuss the posi
t ive pari ty levels of '°As in the frame of the 
Interacting Boson Model (IBM) as a system of 5 
bosons (Nv+NTr=Ns5) with one neutron fermion 
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(My=l) and one proton fermion (M - 1 ) , the 
subscr ipt V(TT) r e f e r r i n g to neutrons (p ro tons ) . 
The neutrons have a hole character 

( 2 p i / 2 ' 2 P 3 / 2 ' l f 5 / 2 ) » w n e r e a s t n e protons are 
p a r t i c l e - l i k e in the same s h e l l s . In the 
approach o f r e f . [ 7 ] , the proper t ies o f t h i s 
odd-odd nucleus are determined by Se (Nv=4, 
N,=3 MV=M =0) , 77Se (N v=3, N„»3. M ^ l , Mfl=0) 
and 75As (Nv=4, Nw=2, Mv=0, M ^ l ) . The l i n k 
between the nucle i in t h i s quar te t i s t h a t the 
boson + fermion number f o r the neutrons as wel l 
as f o r the protons is the same ( i . e . Nv+Mv=4 
and NiT+MTr=3). Encouraging resu l t s f o r f u r t h e r 
inves t iga t ions on extended supersymmetries are 
obtained. 

1.6.3.2 E l a s t i c and Raman sca t t ; r ing of photons 
at the T8 through hole o f the tfR2 reac to r [ 1 ] 

(Supported by Deutsche Forschungsgemeinschaft 
Contract Schu 22?/o-2) 

P. Fet tweis ; F. Schroder, F. Wissmann, 
G. Mondry, M. Schumacher (Göt t ingen, FRG) 

A neutron-capture photon source c o n s i s t i n g of 
700 g Ni w i th a content of about 2.7 g o f ' 9 N i 
provides us w i th intense h igh l y monochromatic 
photons, having energies o f 8.533, 8.999 and 
11.388 MeV. The scat tered photons are r e g i s 
tered by two large-volume Ge(L i ) -de tec to rs . A 
large improvement of the spectra o f scat tered 
photons was achieved by using p l a s t i c - s c i n t i l -
l a t o r ant ico inc idence s h i e l d s , by which the 
cosmic-ray background is suppressed by more 
than 90%. 

A f i r s t e l a s t i c sca t te r ing experiment on 
202,205-r-j h a s [ j e e n completed and w i l l be 
published soon. The resu l t s support our 
previous observat ion made f o r other isotopes 
tha t the in tegra ted El s t rength located i n the 
g ian t -d ipo le resonance (GDR) is much la rger 
than the p red i c t i on of the c l ass i ca l sum ru le 
and tha t t h i s enhancement is l a rge r f o r 
c losed-she l l nuc le i than f o r open-shell n u c l e i . 

At present we are car ry ing out an experiment on 
the samarium isotopes f o r which de ta i l ed 
pred ic t ions f o r Raman sca t te r ing e x i s t , which 
have be... obtained from the recen t l y developed 
I n te rac t i ng Boson Model ( IBM). F i r s t r esu l t s 
look very promising. I t should be noted tha t 
our arrangeront at the reactor BR2 is the only 
place in the world where these experiments can 
be ca r r ied out . 
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1.7 NEUTRON SCATTERING BY CONDENSED MATTER 

1.7.1 MIBEMOL spectrometer 

S. Hautecler, E. Legrand, W. Wegener, 
P. D'Hooghe, J. Brouwers; G. Ccddens 
(IIKW/IISN, UIA Antwerpen) 

Besides our own measurements detailed here 
below, this spectrometer has been used exten
sively by several French and foreign groups in 
the frame of the agreement between 
C.E.N./S.C.K. and CEA for the following 
studies: 
- P. EGELSTAFF (Chalk River): Transmission of 

Pb balls as a function of \ and of the ball 
diameter; 

- R. BELLISSENT (LLB, Saclay): Density of state 
of the quasi-crystal A173Mn21Si6; 

- S. SHAPIRO (BNL, USA): Density of state of a 
superconductor (test measurement); 

- B. TOUOIC (Rennes): Phase transition in 
paraquaterphenyl; 

- J. TEXEIRA (LLB, Saclay): Vitreous transition 
in isopropanol and toluene; 

- R. BELLISSENT (LLB, Saclay): Density of state 
of the superconductor YjBajCugOg,^ between 40 
and 100 K; 

- L. R0STA (KFKI, Budapest): Liquid crystals 
7BEF5 in the SmA.R.E and nematic phases; 

- L. ROSTA (KFKI, Budapest): Density of state 
of the superconductor YjBa2Cu3lg_(5 at 300 and 
70 K as a function of the oxygen content; 

- D. ESPIN0RT (Inst. Fr. Pétrole): Study of Al 
faujasites; 

- E. SOULIE (CEA, Saclay): Study of an f-f 
electronic transition in U f N C S j g f N ^ H g ) ^ 
as a function of temperature; 

- R. KAHN (LLB, Saclay): Study of C2H2 trapped 
in NaA and CagA zeolithes. 
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1.7.2 Reorientations of ammonium groups in 

ÜÜ4Ü9-3 

C. Bostoen (UI Antwerpen); W. Wegener 

Line-shape fits (without corrections for 
multiple scattering) have been performed on the 
results previously reported; they give the 
following results: the model proposed for phase 
I yields good fits with a model of rotational 
diffusion (rotational diffusion constant 
DR = (0.94±0.02)meV). 

The results of phase II are in agreement with a 
model assuming 90 degree jumps around the 
twofold molecular axes and a mean residence 
time of ' = (0.52*0.01) ps. For phase IV the 
mean time between two reorientations around the 
threefold molecular axes was 
T = (2.54±0.06) ps. 

Measurements at the MIBEMOL-spectrometer (LLB, 
Saclay) have been performed for phase II and 
IV. Additional measurements for phase I are 
planned for the second naif of 1987. 

1.7.3 Quantum excitations in K ^ . ^ N H ^ I mixed 
crystals 

C. Bostoen (UI Antwerpen); W. Wegener, 
S. Hautecler, E. Legrand 

The results of a measurement performed on a 
sample with X = 0.18 showed a Jecrease of the 
tunnel splitting compared to the X = 0.045 
results. This is interpreted as an increase of 
the orientational potential of the ammonium ion 
in the lattice. The reason for this increase is 
still unclear: there might be coupling between 
the transiational and the rotational modes 
leading to a random field added to the crystal
line field which the ammonium ions experience 
in the low concentration limit, where the 
ammonium-ammonium interactions are negligible 
because of great distances. An electrostatic 
interaction could be another reason. 

Mixed crystals of different concentrations will 
be prepared and measurements at different 
temperatures on the MIBEM0L spectrometer (LLB, 
Saclay) are planned. 

We also consider the possibility of preparing 
single crystals for phonon measurements to see 
if there is a translation-rotation coupling in 
these systems. 

1.7.4 Hydrogen bona in the hydrogen ma leate 
group of Ni bis (hydrogen ma lea te) 
tetrahydrate, N i f C ^ O ^ g ^ H g O , and Mg bis 
(hydrogen maleate) hexahydrate, MGÇC^O^.eHgO 

S. Hautecler; C. Bostoen, H.J. Geise, 
A.T.H. Lenstra, F. Vanhouteghem (UI, Antwerpen) 

Partly deuterated specimens were prepared and 
tested with X-rays. In these specimens all the 
hydrogens except those of the maleate group 
were replaced by deuterium atoms. It should be 
emphasized that the hydrogen we are interested 
in is also replaced by a deuterium. Time-of-
flight neutron spectroscopy was applied and 
showed a more simple structure. Comparing the 
data of the non-deuterated and the deuterated 
specimens one sees that two peaks are in 
common: Ni-maleate Ej = 24 meV, E 2 = 60 meV; 
Mg-maleate Ej = 15 meV, ^ = 53 meV. The peak 
at low energy can be óttributed to trans-
lational motions of the maleate group, the one 
at higher energy to the librational motions. 

1.8 NEUTRON DIFFRACTION 

1.8.1 Ferroelectric properties of LiI03 

E. Legrand, Yu-Fen Cheng (Beijing, PR China) 

To look for the reproducibility of the special 
effects found in the first investigated crystal 
oF LÜC3 two other crystals were measured 
without and with an electric field. In an 
attempt to reduce the extinction, the crystal 
was immersed in liquid nitrogen. The result of 
this was that all reflexions increased slightly 
which can be explained as an isotropic change 
of the extinction. Both crystals showed the 
same b-îhaviour as the first crystal. Our 
measurements chiefly ronfirmed the results of 
Zhen, Shirven and Cheng Cl]. However, it was 
found additionally that the reflexions with 
index 1 different of zero increase under the 
influence of an electric field. Another strange 
behaviour which was found are the long term 
fluctuations of the intensities of the (0,0,2) 
reflexion when a strong field is applied. Up to 
now all measurements were performed in rela
tively short times, up to one day, and there
fore this instability was not detected. The 
fact that X-ray measurements do not show 
measurable intensity changes in electric 
fields, indicates that the changes must be 
principally attributed to changes in the 
position of lifriium atoms. From all these 
observations it is obvious that the intensity 
increase must be ascribed to a iisorder of the 
lithium atoms rather than to a simple change of 
the structure. The relaxation processes and 
intensity instabilities found indicate that the 
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disorder should be of a dynamical type. To find 
the distribution of lithium atoms Fourier 
transforms of the scattering density should be 
made. However, with the present-day results 
this is difficult since the reflexions which 
are the most sensitive to the lithium positions 
are affected by extinction. A proposal to 
repeat the measurements with a shorter wave
length to reduce the extinction has been 
introduced at the Laboratoire Léon Brillouin. 

1.8.2 installation of a silicon filter 

E. Legrand, J. Baudeweyns 

To reduce the contamination of fast and epi-
thermal neutrons in the beam a single crystal 
silicon filter will be installed. This filter 
must be cooled with liquid nitrogen to reduce 
the scattering due to thermal agitation. A 
cryostat has been designed and tested to this 
purpose. 
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2.2 MATERIALS PROCESSING 

2.2.1 Development of OPS alloys for high 
temperature service 

L. Coheur, M. Heylen - Geladi 

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, CEN/SCX is develo
ping new ODS (oxide dispersion-strengthened) 
alloys for application at high temperature. 

During this period, two iron-base ODS alloys, 
developed at CEN/SCK, v.ei e submitted to creep 
testing at 900°C and 1000°C (Fig. 2.2.1). The 
alloys were tested in the "large 
elongated-grain structure" condition. The 
creep resistance of the DT0603Y05 alloy (Fe -
13 Cr - 0.6 Ti - 1.5 Mo - 0.5 Y203) was found 
to be higher when aluminium (3 %) was added. 
The reverse effect has been reported 
previously for the same alloys but tested in 
the "fine-grain state" (1). In the same 
report, the beneficial effect of Al 
additions on the oxidation resistance of thest 
alloys was described. This modified alloy 
therefore looks very attractive for application 
at high temperatures in oxidizing environments. 
Its properties are comparable to those of MA 956, 
a slightly higher alloyed composition, which was 
recently commercialized by INCO. 

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

L. De Wilde, A. Delbrassine, A. De 
Bremaecker, S. de Buroure, J. Gedopt 

Slight modification of the alloy composition 
of the CEN/SCK reference ODS ferritic alloys 

(compositions given in Table 2.2.2.1.) raay 
affect their fabricability and properties. An 
alloy with a modified composition has there
fore been prepared and transformed into 
cladding tubes with two reference final 
dimensions (7.60/6.60 mm and 6.55/5.65 mm 
diameter). For this purpose different drawing 
schemes were used in an effort to simplify the 
fabrication procedure followed up to now. 

It was found that the reduction per drawing 
pass could be increased considerably' before 
major drawing problems did arise. Non
destructive testing at final dimensions did 
not reveal defects in twenty meters cf tubing 
controlled. As this observation offers the 
prospect of an economically attractive fabri
cation procedure, with a reduced number of 
drawing passes, it was decided to determine 
the mechanical properties of the tube material 
and compare them with the properties of the 
reference alloys. 

Table 2.2.2.1 

DT 2906 
DT 2203Y05 

: Nominal composition of 
SCK/CEN reference ODS 
ferritic alloys 

C- Mo 

13 i.5 
13 1.5 

(*) bound to titanium 

Titot 

2.9 
2.2 

o2(*) 

0.6 
0.3 

Y2°3 

0.5 

1000 
stress ( MPa ) 

The mechanical properties of the tube material 
were controlled by tensile testing at 
different temperatures between 20°C and 700°C 
and creep rupture testing at 600°C and 700°C. 
Tensile test results obtained at room tempera
ture are summarized in Table 2.2.2.2 and 
compared to the mean tensile properties of the 
DT2906 and DT2203Y05 alloys. Yield strengths 

1000 C 

100 :0 

10 

1 

A—- A- -A . 

A--" unbroken after 5000 h 
unloaded 

_ . i i i- - j - j _ i . J _ I _ - t . i I . . . . . . . ,^.,A . . . . 

1 10 1 0 0 1000 

time to rupture ( h ) 

o DT0603Y05 * DT0603Y05/3AI 

Fig. 2.2.1 : Creep strength of 0T0603Y05 and DT0603Y05/3A1 at 900°C and 1000°C. 
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Table 2.2.2.2 Tensile properties at room 
temperature of OOS-ferritic 
tubes 

Tube code 

2635/1/111 

2635/5/11 

2694/8/11 

2635/3/111 

2635/6/11 

2694/7/11 

IOEFIX TUBES 
DT 2906 

DT 2203Y05 

0o/0i Draw-
l 

sc 

7.60/6.60 

7.60/6.60 

7.60/6.60 

6.55/5.65 

6.55/5.65 

6.55/5.65 

6.55/5.65 
6.55/5.65 

ng 
heme 

S 

A 

B 

S 

A 

B 

S 
S 

YS 

51.4 
52.3 
66.3 
59.1 
64.8 
66.6 

67.7 
70.1 
70.8 
72.0 
65.5 
64.4 

47.0 
76.6 

UTS 

85.1 
85.7 
82.9 
83.2 
83.7 
82.6 

80.5 
80.8 
88.9 
88.5 
80.2 
80.2 

78.7 
97.4 

«t 

20.0 
23.3 
17.1 
17.8 
17.1 
17.5 

19.3 
18.2 
14.6 
12.8 
13.9 
15.0 

12.8 
8.0 

Table 2.2.2.3 : Tensile properties of modified 
ODS-ferritic alloy at 700°C 

Tube 0o/0i Drawing YS UTS *t 

2635/1/111 7.60/6.60 

2635/5/11 7.60/6.60 

2694/8/11 7.60/6.60 

2635/3/111 6.55/5.65 

2635/6/111 6.55/5.65 

2694/7/111 6.55/5.65 

20.0 23.5 25 
27 
23 

22.1 22 
22.1 23 
22.1 23 

22.7 24.8 18 
18 
18 

23.3 19 
21.4 18 
21.5 19 

21.8 23.3 
20.5 22.4 
20.0 
18.9 
20.7 
22.7 
20.8 23.3 
21.5 23.9 
21.5 
18.9 
19.3 

and tensile strengths are situated jetween the 
values of DT2906 and DT2203Y05, whereas the 
total elongation is somewhat higher than for 
the two alloys. Drawing scheme S (Table 
2.2.2.2) refers to the standard fabrication 
procedure used up to now, whereas A and B 
refer to modified drawing procedures. 

Tensile properties at 700°C are given in Table 
2.2.2.3. It can be noticed that the values 
obtained are virtually insensitive to the 
final tube diameter or the applied drawing 
procedure. Similar to the room temperature 
data, the results also lie between the 
0T2203YO5 and DT2906 data, reported earlier 
(2, 3). 

Stress rupture tests at 600°C and 700°C are 
still in progress. The first results indicate 
that the axial stress rupture properties are 
situated just below the DT2203Y05 values and 
the biaxial results coincide with the DT2906 
data. 

2.2.3 Irradiation of OPS ferritic alloys in 
fast neutron reactors 

A. Oelbrassine, A. De Bremaecker, S. de 
Burbure, L. De Wilde, J. Gedopt 

irradiation of_pressur2zed_0DS_ferritic alloys 
i_n_t̂ s_Bjri t i sh_P FR_r eacto r 

Pressurized capsules of the DT2203Y05 and 
DT3911 alloys, irradiated at 500°C have been 
unloaded from the reactor and intermediate 
non-destructive analyses have been performed 
on the samples. 

The dimensional measurements (diameter and 
length) confirmed the observations, made on 
other ODS alloys, which were irradiated in 
previous experiments to similar levels of 
neutron radiation damage (20 to 40 dpa NRT, at 
temperatures ranging from 450°C to 500°C). 
The dose reached in each individual sample is 
given in Table 2.2.3.1 as well as the diameter 
and length increments measured. 

Table 2.2.3.1 : Results of the PFR-M2 
experiment - status at June 15 

Probe No. Temp. Hoop- Neutron 5d 51 
(°C) stress dose (%) (%) 

(MPa) (dpa 
NRT) 

DT3911 

27 V 
24 V 
41 V 
28 V 
47 V 
45 V 

420 
420 
500 
500 
600 
600 

140 
180 
100 
140 
30 
60 

44.4 
46.8 
34.2 
36.0 
12.0 
12.0 

0.37 
0.42 
0.15 
0.03 
0.13 
0.20 

0.39 
0.37 
0.12 
0.13 
0.01 
0.01 

DT2203Y05 

25 W 
21 W 
41 W 
40 W 
48 W 
51 W 

The resu Its 

420 
420 
500 
500 
600 
600 

of irr 

140 
180 
100 
140 
60 
100 

•adiation 

44.4 
44.4 
34.2 
34.2 
11.4 
11.4 

at low 

0.15 0.26 
0.23 0.22 
0.05 0.01 
0.07 - 0.01 
0.07 - 0.07 
0.13 - 0.06 

neutron 
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doses of the pressurized samples as presented 
in the table lead to the following conclu
sions : 
- Maximum swelling rates are observed in 
samples irradiated at the lowest temperature 
(<5d-<5l) 

- Irradiation creep is observed at 600°C 
(61-0) 

- The 0T2203YO5 alloy has a better in-pi le 
behaviour than the 0T3911 alloy. 

Irradiation of_fue]_ £ins_cUd with_0DS_ 
ferritic iU.ov_s_in the French_Phénix reactor 

The two capsules "Fétiche" and "Poussix" were 
unloaded at the end of the 40th cycle in July, 
having reached a maximum neutron dose between 
74 and 84 dpa NRT. It has been decided to 
continue the irradiation of the Fétiche 
capsule and the new target maximum neutron 
dose is approximately 120 dpa NRT. 

The IDEFIX-2 OOS-ferritic alloy assembly has 
been loaded in May and the target maximum 
neutron dose of over 200 dpa NRT is expected 
to be reached in 1991. The second assembly 
(IDEFU-1) will be loaded in February 1989 for 
the same target burn-up. 

2.2.4 Plasma Spray Coatings 

S. Van Essche - Heusdains, M. Hannotiau 

An experimental programme aiming at upgrading 
atmospheric plasma sprayed coatings by laser 
treatment and by hot isostatic pressing (HIP) 
is in progress. The project is supported by 
the "Vlaamse Executieve" (Regional Government) 
and the techniques are optimized for two 
specific industrial applications. 

The fi*st one concerns the protection of heat 
exchw...aer tubes operating in the highly corro
sive, high-temperature exhaust gases of an 
aluminium remelting furnace. Laser treatments 
were performed with a pulsed 400 W Nd : YAG 
laser. Laser treatment of ceramic coatings 
has so far yielded very promising results 
(Fig. 2.2.4). However, a network of fine 
cracks usually developed over the major part 
of the coating. The operating parameters of 
the YAG-laser will further be adapted in view 
of avoiding this phenomenon. Application of a 
continuous wave C02-laser is a further 
possible alternative which will be explored. 

The second industrial application deals with 
the protection of a ventilator blade working 
in the corrosive-erosive exhaust gases of a 
coal-fired electric power station. Until now 
HIP-treatment of cermet coatings applied on 
different aluminium substrates did not yield 
substantial improvement of the coating 

•-uality. However, proper encapsulation of the 
coated component during HIP-processing may 
improve the efficiency of the treatment. The 
low melting point of the aluminium substrate 
makes it difficult to perform the HIP -ing 
cycles at sufficiently high temperatures. 
Experiments have therefore been initiated with 
cermet-coated steel and cast iron encapsulated 
in special materials. A fully automatic gun 
translation and component rotation device has 
been installed and taken into operation. It 
will now be possible to ensure highly uniform 
and reproducible coating qualities. A Taber 
abraser has been purchased for performing 
standard wear tests on coatings applied on 
plate material. 

On request of industrial clients several 
tailored coatings were developed for allevia
ting corrosion, wear and combined corro
sion-wear problems encountered in mainly 
chemical and mechanical industries. 

Fig. 2.2.4 : Surface appearance of 
aluminium-oxide coating after 
surface laser treatment 

2.3 MATERIALS PERFORMANCE 

2.3.1 Effect of neutron irradiation at- 430°C 
on the fatigue properties of AISI 316L 
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 tests on the solution annealed 
AISI 316L steel samples have been continued 
(4). The general trends which emerged already 
from the first tests were confirmed. The 
updated results and some provisional conclu-

* 
HIP : Hot Isostatic Pressing 
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sions are described Deiow. 

Irradiation of the hour-glass shape fatigue 
specimens was carried out in the BR2 reactor. 
The irradiation conditions as a function of 
specimen location in the irradiation rig are 
given in Table 2.3 1. It should be noticed 
that the lowest dose is 9 dpa instead of 6 dpa 
as quoted in the previous report (4). 

In Fig. 2.3.1.1 the strain-range versus number 
of cycles to rupture relationship is given for 
material in the non-irradiated condition. The 
tests were performed at frequencies of 0.5, 
0.05 and 0.005 Hz. It can be seen that all 
points are part of a single scatter band, 
indicating that the effect of the test fre
quency on fatigue life, if existing, is 
limited to this scatter band. In Fig. 2.3.1.2 
the stress amplitude is shown as a function of 
the number of cycles for some cases. In 
general, the material is found to harden until 
rupture occurs. Between 100 and 1000 cycles, 
however, some softening is observed. The 
tendency to soften is more pronounced for 
higher strain ranges and frequencies. 

The irradiated specimens have been tested at 

20 r•—x-T- i . r nrr - t r" r~l 

1.0 

OS 
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«- 0.5 

ft 0i 
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D 0.05 Hz 

O 0.005 Hz 

-rN i îm* 
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10* 
Cycles to rupture 

10* 

Fig. 2.3.1.1 : Fatigue test results of 
unirradiated CEC reference 
solution-annealed AISI 316L 
at 430°C. The cycling 
frequency has no effect on 
fatigue life. 

frequencies of 0.5 and Ö.005 Hz. No effect of 
the test frequency could be found within the 
range examined. At strain ranges above 0.5 % 
dose variations from 9 to 12 dpa and helium 
concentration variations from 85 to 145 at. 
ppm do not seem to affect the fatigue life. 
For strain ranges below 0.5 %, however, the 
higher dose, higher helium content specimens 
are found on the lower side of the scatter 
band. In Fig. 2.3.1.3 the results of unirra
diated and irradiated specimens are compared. 
It can be seen that the numbers of cycles to 
rupture of the irradiated material tend on the 
whole to be smaller than those of the unirra
diated material. The overall effect is a 
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Fig. 2.3.1.2 : Cyclic hardening of unirra
diated material . Notice the 
smal 1 effect of frequency above 
100 cycles. 
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observed in tension tests of irradiated mate
rial (5). It is probably due to the formation 
of radiation-induced defect clusters. The 
strong effect of irradiation on the cyclic 
stress contrasts with the small influence on 
the number of cycles to rupture. This is 
surprising since both crack initiation and 
crack growth are expected to be affected by 
irradiation. Crack initiation should be 
retarded up to total strain ranges of 0.6 % 
because the deformation becomes almost fully 
elastic due to irradiation hardening. The 
crack growth rate, on the other hand, is 
expected to be higher because of the higher 
stress intensity factor for the irradia
tion-hardened material. As the present tests 
do not allow to differentiate between the 
crack initiation and crack growth phases, it 
is not possible to draw firm conclusions on 
the effect irradiation has on each of these 
phenomena. However, since the overall effect 
on fatigue life is small and practically 
independent of the strain range, it is likely 
that both crack initiation and growth are only 
slightly affected by irradiation. A pronoun
ced irradiation effect on both phenomena would 
indeed require that crack initiation and crack 
growth are affected in roughly equal but 
opposite ways. 

Fig. 2.3.1.3 : Fatigue test results at 430°C 
on unirradiated and irradiated 
material. Notice the limited 
effect of irradiation on 
fatigue life. No distinction 
has been made according to dose 
or frequency. 

reduction by a factor of aDout two on the 
number of cycles to rupture or a reduction of 
the strain range with 0.1 %. In Fig. 2.3.1.4 
some typical fatigue hardening curves for 
irradiated material are shown. The flow 
stress of the material has roughly doubled 
after irradiation (notice that different 
stress scales are used in Fig. 2.3.1.2 and 
2.3.1.4). The general trend of the curves is 
ascending during the first 100 to 1000 cycles 
and then decreasing until rupture occurs. 
This trend is very weak for the small strain 
ranges, but is very pronounced for high strain 
ranges. The specimens having received the 
lowest doses present a somewhat different 
behaviour. They show more hardening dur ng 
the first ten cycles as compared to the high 
dose specimens (curves 1, 2 and 5 in Fig. 
2.3.1.4). 

It has been found that the cycling frequency 
(or strain-rate) has no effect on the number 
of cycles to rupture. This is in contrast 
with the results of Van der Schaaf (6), who 
reported a lifetime decrease by a factor of 
two for a strain-rate decrease of two orders 
of magnitude. No explanation has been found 
for this discrepancy, but it should be 
stressed that the effects observed are smal 1 
from a practical point of view. A small 
frequency effect on the cyclic hardening of 
unirradiated material has been found (Fig. 
2.3.1.2). However, the effect is much smaller 
than the change brought about by irradiation. 

Table 2.3.1 : Irradiation data for fatigue 
specimen irradiation campaign at 
430°C 

Position Oose He-content Mean(*) Maximum 
dpa appm temp, tempérât 
(NRT) (°C) (°C) 

top 9.1 
centre 11.9 
bottom 9.7 

82 
145 
105 

410 442 
422 441 
407 433 

(*) For reactor power over 80 % of maximum. 

The observation that high cyclic stresses are 
needed to deform the irradiated specimens as 
compared to the unirradiated ones is in accor
dance with the similar flow stress increase 

It is therefore not surprising that its effect 
on the fatigue life is negligible. 
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impurity level is important for controlling 
initiation and progress of corrosion. Lithium 
concentration control is needed as a means to 
keep the alloy composition as close as 
possible to the eutectic composition. The 
selection of a suitable solid oxygen conductor 
and reference system as well as preliminary 
results of tests in static Pb-17Li and 
argon/oxygen mixtures have been reported 
previously (4). 

OXYGEN SENSOR 

Commercially available Magnesia or Yttria 
Stabilized Zirconia (MSZ, respectively YSZ) 
thimbles of typically 30 mm height and 6 mm 
outer diameter were filled with high purity 
metal/metaloxide reference powders. At the 
centre a stainless steel, platinum or molyb
denum wire was introduced. Finally, the 
thimble was closed with a high-temperature 
sealant and inserted in an alumina rod. 

The sensors were tested in Pb-17Li containing 
stainless steel capsules, which could be 
heated up to 800 K. All tests were conducted 
in a glove-box under controlled argon 
atmosphere with oxygen levels not exceeding 1 
ppm. 

Fig. 2.3.1.4 : Cyclic hardening of irradiated 
material. Notice the effect of 
irradiation dose in the first 
ten cycles and the very small 
frequency effect above 100 
cycles. 

The few low-dose specimens show higher cyclic 
hardening during the first ten cycles. This 
behaviour can tentatively be ascribed to the 
presence of a defect structure in the 
high-dose specimens corresponding with a more 
"over-aged" condition. It may also be related 
to the slightly lower irradiation temperatures 
these specimens were submitted to, as they 
were loaded in the upper and lower regions of 
the rig (Table 2.3.1). 

2.3.2 Electrochemical sensors for liquid 
breeder materials 

F. De Schutter, H. Tas 

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

Objective of the project is the development of 
electrochemical oxygen and lithium monitors 
for the Pb-17Li candidate liquid breeder 
material. Continuous monitoring of the oxygen 

Measurements with MSZ at 400°C. In a first 
series of experiments the oxygen content of 
Pb-17Li was measured over longer exposure 
times (200 hours or more). Six MSZ cells, 
filled with In/In2Û3 as internal reference, 
were held at a constant temperature of 400°C. 
Statistical analysis of the cell data yielded 
a time integrated mean value of 752 mV for the 
2424 hours one of these cells was exposed to 
Pb-17U. This value leads to an oxygen 
activity of 9.10 -60 which is in good 
agreement with former investigations (8). 

Response of YSZ cells with different reference 
systems. In addition to earlier experiments 
(8), where the temperature behaviour of the 
oxygen activity in Pb-17Li was measured with 
MSZ cells, galvanic cells using YSZ with 
different reference systems were exposed for 
longer times. In Table 2.3.2.1 the experi
mental conditions are given for the different 
test campaigns. 

Two identical zirconia-yttria cells were used 
for each test run, and one of them was found 
to degrade after less than 100 hours. When 
the calculated oxygen activities were plotted 
as a function of temperature, it was obvious 
that the values obtained with the Cr/Cr203 

reference system were too low as compared to 
the others, and also not reproducible. This 
is probably due to the fact that the other 
metals are liquid at the working temperatures, 
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whereas chromium is solid. Good contact 
between the two phases is therefore doubtful 
and, in addition, traces of oxygen, penetra
ting the capsule, will easily find their way 
to the interface between the reference 
material and the solid electrolyte. 

Table 2.3.2.1 : Characteristics of different 
test campaigns with yttria 
stabilized zirconia oxygen 
sensors 

Corrosion test 1000h, 673K 

Run Reference 
system 

Temp. Sweep 
range time 

(°C) (hours) 

Remarks 

In/InpOj 450 
400 
450 

II In/In203 450-300 
450-520 

512 
III Sn/Sn02 425-525 

525-350 
350 

IV Cr/Cr 2 0 3 350-525 
525-35C 

49 One c e l l : f a i l u r t 
355 a f t e r 43 hours 
257 

91 One c e l l : f a i l u r e 
38 a f t e r 102 hours 

191 
31 One c e l l : f a i l u r e 
43 a f t e r 80 hours 

176 
100 Resul ts not 
ÎQ6 reproducib le 

A l l other reference systems y ie lded an almost 
l i n e a r log a c t i v i t y versus temperature r e l a 
t i onsh ip down to about 710 K. Compared to 
e a r l i e r measurements, where other s o l i d e lec
t r o l y t e s such as MSZ and Y t t r i a Doped Thoria 
(YDT) and also other reference systems (e .g . 
CU/CU2O) were used, the obtained values agree 
wel l p a r t i c u l a r l y f o r the higher temperatures. 
At lower temperatures (below 710 K) the values 
begin to dev ia te . This ind ica tes tha t MSZ 
e l e c t r o l y t e s may be less appropr ia te fo r the 
lower temperature range because o f t h e i r 
ra ther narrow ion i c range and lower conduct i 
v i t y . 

Post exposure corros ion examinations. Several 
c e l l s were dismantled a f t e r exposure and 
examined by op t i ca l microscopy and by scanning 
e lec t ron microscopy. As can be seen in F ig . 
2 . 3 . 2 . 1 , no sign of cor ros ion a t tack of the 
ceramics i s apparent. The same r e s u l t was 
obtained f o r the YSZ ceramic a l so , which had 
f a i l e d a f t e r only a short exposure t ime. 
However, when the samples were broken f o r SEM 
ana lys is , a c lear d i f f e rence between exposed 
and unexposed samples was found. Indeed, a l l 
unexposed specimens f r ac tu red i n a t ransgra-
nular fash ion , whi le a l l exposed samples 
f rac tu red in an i n te rg ranu la r fash ion . This 
phenomenon is i l l u s t r a t e d in F ig . 2 . 3 . 2 . 1 . 

The d i f fe rence i n f r a c t u r e mode between 
exposed and unexposed th imbles was also 
observed in Y0T tubes exposed to pure l i th ium 

Unexposed Exposed 

Fig . 2 .3 .2 .1 

Top l e f t 

Bottom l e f t 

Bottom r i g h . 

S t a b i l i t y of oxygen conductor 
in Pb-17Li 
ca lc ia s t a b i l i z e d z i r c o n i a 
eel 1 a f t e r exposure to 
Pb-17Li 

Top r i g h t : dummy Zr02-Ca0 th imble 
a f t e r exposure to Pb-17Li 

surface appearance of 
y t t r i a s t a b i l i z e d 
z i r con ia f rac tu red f o r 
SEM analys is 

surface appearance o f 
Y203-ZrO2 exposed to 
Pb-17Li at 450°C and 
f rac tu red f o r SEM 
analys is 

and pure sodium. These phenomena were 
ascribed to a weakening o f the g ra in 
boundaries by the penetrat ing l i q u i d me ta l . 
I t was f e l t t h a t t h i s l i f e t i m e l i m i t i n g e f f e c t 
was caused by inco r rec t tube f a b r i c a t i o n 
and/or too h igh impur i t y l e v e l s i n the tube 
mater ia l or i n the l i q u i d meta l . A long term 
corrosion t e s t (over 1O000 hours) in dynamic 
Pb-17Li w i l l be performed to unequivocal ly 
confirm the s t a b i l i t y o f z i r con ia based c e l l s . 

LITHIUM SENSOR 

So f a r , two t e s t campaigns have been 
completed, whi le a t h i r d tes t campaign i s 
s t i l l in progress (Table 2 . 3 . 2 . 2 ) . The f i r s t 
campaign was a f e a s i b i l i t y t e s t , aimed a t 
determining the c o m p a t i b i l i t y o f p-Al2O3 w i t h 
Pb-17Li and proving the proper func t ion ing of 
the ce l l design. 

During the second tes t campaign, the sensor 
was exposed to six d i f f e r e n t l e a d - l i t h i u m 



Fig. 2.3.2.3 : Lithium sensor response to 
consecutive immersion in 
different Pb-Li blends. 

Top : second test campaign 
Bottom : third test campaign; application 

of other reference material 
filling procedure 

was used instead of stainless steel. This was 
done for ruling out the electrode materials as 
possible cause of the high e.m.f. values 
observed during the first test campaign. As 
can be seen in Fig. 2.3.2.3, the signal rises 
steadily during exposure in one blend, particu
larly during the first 300 hours of the test. 
Nevertheless, the sensor appears to react 
quickly to the composition changes and the 
e.m.f. values become more stable after the 
initial 300 hours of the test. 

In the third test campaign a different prepa
ration technique was used for the reference 
material (procedure B). During this rampaign, 
also a feasibility test of a cell based on 
another solid electrolyte, s-eucriptite, was 
performed. The cell, although immediately 
giving a signal, which could be obtained only 
after about one day with cell BAL3, degraded 
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quickly and fractured finally. 

Comparison of the results obtained in campaign 
2 and 3 indicates that cell performance has 
improved significantly by using procedure B 
for cell filling (Fig. 2.3.2.3). At first 
exposure, the cell produces a stable signal 
after less 'han one day and then remains 
constant (wi>. in a few mV) during the next 40 
hours of the test. Upon exposure to a new 
blend, the cell reacts within the hour and 
again the signal remains constant. 

After 89 hours of testing, two additional 
g-alumina cells were introduced, both of them 
aged for one day in Pb-17Li. One of them 
(6AL4) immediately broke upon immersion ir. the 
second blend. However, the other cell (BAL5) 
remained intact and yielded values comparable 
to sensor BALI. 

Further test campaigns are planned at other 
temperatures to compare cell response with the 
e.m.f. temperature dependence as predicted by 
other authors. The same tests will be 
repeated with Li-exchanged electrolyte 
material. 

2.3.3 Compatibility between solid breec*°r 
materials and stressed structural 
materials 

L. Oe Wilde, S. de Burbure, H. Tas, A. 
Oelbrassine 
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Fig. 2.3.3 : Loading scheme of the first test 
run for out-of-pile solid 
breeder/structural materials 
compatibility (550°C) 

A test rig has been- built in which the outer 
surface of pressurized capsules of candidate 
containment materials can be exposed to the 
simultaneous action of a helium flow with 
controlled hWr^O content and granules of 
candidate solid breeder materials. The 
experimental facility comprises six test 
sections, each of whict can be loaded with six 
pressurized capsules and grmules of a chosen 
solid breeder iMtteria'l. Identification of 
pressurized tubes which fail during the 
compatibility test is made by monitoring the 
sweep gas for the presence of the filling gas 
combinations used to pressurize the different 
capsules. 

A first test campaign started in January 1987 
with three austenitic (AISI 316 L) test sec
tions and three ferritic (W.N. 1.4914) test 
sections. Orthosilicate granules (O.S.) were 
supplied by KfK and metasilicate (M.S.) was 
taken from the SCK/CEN fabrication. Half of 
the capsules were not pressurized, the others 
were pressurized at 2/3 of the yield stress at 
the test temperature (550°C). 

A schematic overview of the loading scheme is 
given in Fig. 2.3.3 (the values in the tube 
strings are the filling pressures). 

After 430 hours of exposure (projected test 
duration six monthsi three pressurized W.N. 
1.4914 tubes failed. Dimensional control of 
the other W.N. 1.4914 tubes showed that impor
tant deformation of these tubes had occurred. 
Comparison of the imposed stresses with 
high-temperature creep data (9) revealed that 
creep failure of this material could be 
expected after 200 hours. 

Metallographic examination of the ferritic 
steel capsules after the 450-hour exposure did 
not reveal any difference between the external 
attack observed on tubes from silicate filled 
test sections and tubes from the empty test 
section 3. A new series of resistance welded 
W.N. 1.4914 capsules has been pressurized at 
lower internal pressures (62.7 MPa), based on 
long-term creep data. So far the austenitic 
steel specimens have been exposed for 2860 
hours, whereas two rods with WN 1.4914 
capsules, reloaded in test sections 1 and 2 
rr^ched an exposure time of 960 hours. The 
third new ferritic rope will be reloaded in 
test section 3 in September 1987. 

2.3.4 High-temperature mechanical properties 
of ceramics 

P. Lemaitre, W. Vandermeulen, W. Hendrix 

A creep machine for testi*g ceramics in 
four-point bending, designed and built in tha 
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Fig. 2.3.4 : Creep curve of alumina at 44 MPa 
and 1200CC, established in a 
four-point bending test. 

Department, has been taken in operation. The 
maximum operating temperature is 1500°C. The 
strain, which is proportional to the displa
cement of the centre point of the specimen 
with respect to the inner loading point, is 
measured by means of a Linear Variable 
Differential Transducer (LVDT)~ 

Fig. ^.3.4 shows tne creep curve of a 
high-purity alumina sample tested at a stress 
of 44 MPa and a temperature of 1200°C. Under 
these conditions alumina deforms by creep in a 
rather dramatic way. After only 60 hours 
testing the strain reached a value of 1 %. 

The machine can also serve to determine the 
elastic modulus E within 10 %. An elastic 
modulus of 382 GPa was obtained for 
high-purity alumina, which is in good 
agreement with literature data where values 
between 380 and 410 GPa are reported for this 
type of material. 

2.3.5 Fracture toughness of ceramic materials 

P. Lemaitre 

This work has been performed in the framework 
of the CEC Stimulation Action in collaboration 
with the Atomic Energy Research Establishment 
at Harwell (UK). The fracture toughness of 
hign-purity alumina was measured by three 
methods based on the use of Vickers hardness 
indentations (Fig. 2.3.5.1). 

The Vickers indentation method. A crack 
pattern is introduced via a hardness 
indentation. Measurement of the crack length 
allows determination of the fracture 
toughness. 

The Vickers strength method. In this method 
the radial cracks, which develop around a 
Vickers indentation are used as dominant flaw 
in a strength test piece. 

The Single Edge Precracked Beam (SEPB) method. 
A three-point bend specimen is precracked by 
introducing a crack starter under the form of 
a Vickers indentation and the Vickers 
indentation induced crack is extended to a 
precrack by subsequent compression. Table 
2.3.5 gives an overview of fracture toughness 
results obtained with the methods described. 

Table 2.3.5 : K ^ of high-purity alumina as 
obtained with different methods 

Method 

a/w = 0.66 

a/w = 0.75 

Vickers indentation 
method 

Vickers strength 
method 

KIC 
(MPa.m1'2) 

4.18 

5.46 

2.28 + 0.31 

3.44 + 0.22 

n 

1 

1 

11 

23 

a : crack length 
w : depth of crack 
n : number of measurements 

Fig. 2.3.5.2 shows the fracture toughness of 
alumina measured by the SEPB-method as a 

Fig. 2.3.5.1 Typical Vickers hardness 
indentation in alumina 
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function of the normalized crack length a/w. 

It can be clearly seen that the measured 
fracture toughness is higher for higher 
initial crack lengths. 

The three methods yield fracture toughness 
values, which can vary over more than 50 %. 
Because the crack resistance increases for 
higher normalized crack lengths, the Kj C 

values determined by the SEPB technique are 
higher than those determined by the two other 
techniques. However, it can be expected that 
with decreasing a/w ratio the SEPB values will 
approach the Vickers strength values. 
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Fig. 2.3.5.2 : Fracture toughness of alumina 
as a function of the normalized 
crack length a/w 

The Vickers strength method, which does not 
require a measurement of the crack length, 
yields fracture toughness values, which are 
twice as reliable as the Vickers indentation 
values. The Vickers indentation technique 
gives the lowest Krç value of the three 
methods, which i? in line with the findings of 
other authors. Whether this means that the 
idealizations presumed in the mathematical 
relation proposed by Anstis et al (10) do not 
completely hold for alumina or that the crack 
propagation resistance of alumina is effectiv
ely lower for flaws approximating natural 
defects than for macroscopic cracks, is not 
clear. 

2.3.6 Primary circuit surveillance for Belgian 
nuclear power plants 

Ph. Vin Asbroeck, J.-L. Puzzolante, A. 
Hennen 

In the framework of the Tihange-2 pressure 
vessel surveillance programme, all material 
contained in one irradiation capsule has been 
fully analysed or tested , i.e. the tempera
ture monitors, the non-fissile neutron 
dosimeters, the Charpy CVN specimens and the 
tensile test specimens. The results have been 

summarized in a report which was presented to 
the Utilities. 

As part of the Ooel-3 pressure vessel surveil
lance 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. 

Influence of_e^ectro£olish2n£ on_the_>pact 
characteristics of_pressure vessel_steel: 

Determination of relevant toughness values for 
pressure vessel weld material requires, before 
or after Charpy V notch (CVN) testing a micro-
structural characterization of the test 
specimen. In a previous study (1) it was 
demonstrated that electropolishing can be used 
for this purpose without interfering with the 
dimensional requirements of ASTM standard 
E-23. The objective of the present work is to 
determine if the Charpy V notch characteris
tics of 18MND5 type steel are not affected by 
electropolishing. In a following phase the 
effect on weld material will be experimentally 
controlled. 

Three kinds of CVN specimen surface conditions 
were considered : machined, completely electro-
polished before notch machining and laterally 
electropolished after notch machining. 
Electropolishing was carried out as described 
in the previous stuJy. The instrumented 
impact tests were carried out on three sets of 
CVN specimens corresponding to the three 
surface conditions. The results are presented 
in Table 2.3.6. 

A statistical method was used to detect a 
possible influence of electropolishing on the 
CVN specimen properties. The method is based 
on significance tests. This technique gives 
the probability to observe differences of 

Table 2.3.6 : Influence of electropolishing on 
the instrumented impact 
characteristics of IP MND5 steel 
(average values) 

Characteristics Ref. Electropolished After 
condi- Late- Comple- recon-
tion rally tely stitu-

tion 

CVN 
SFA 
Lat 
Gen 
Max 
En. 
F.n. 

energy (J) 
(%) 

exp. (mm) 
y ie ld (kN) 
load (kN) 

at max.(J) 
at U.C.P.(J) 

'.02 
24 

11.6 
33.6 
13.3 

80 
90 

113 
31 

11.6 
14.2 
18.4 

77 
103 

123 
28 

11.8 
13.3 
18.2 

80 
114 
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measurements for a given characteristic, 
assuming this characteristic is effectively 
not different for the various samples (null 
hypo thesis). Two types of significance tests 
were used : a parametric te;*" assuming normal 
distribution and a non-parametric t.st, which 
is a distributic.i-frte test. Agreement 
between non-parametric and parametric signifi
cance tests implies that a normal distribution 
cannot be rejected. In that case the likeli
hood ratios or null to alternative hypothesis 
may be estimated and give an idea of the odds 
of the "no effect of surface condition" 
hypothesis with respect to the "effect of 
surface condition" hypothesis. 

Good aqreement between the non-parametric and 
the parametric significance tests was observed 
which validates the use of the likelihood 
ratios. For the general yield load, diffe
rences become statistically significant at a 5 
% level only. Regarding machined and 
laterally electropolished specimens the level 
of significant was not sufficient to draw a 
conclusion. Under these circumstances a small 
effect on the general yield load can not be 
excluded. But this has little practical 
consequences, as the difference at stake is 
small : an increase of about 0.7 kN (5 % ) . 
The situation was similar when machined and 

(KN) 

204 

10 

1 as received 
2 electropolished after notch machip:ng 
3 electropolished before nctoh machining 

7 (mm) 

Fig. 2.3.6 : Influence of electropolishing on 
the impact load versus deflection 
diagram. 

completely electropolished specimens were 
compared : odds were equal, implying a maximum 
possible increase of about 0.2 kN (2 % ) . 

However, lateral electropolishing after notch 
machining increases the general yield load 
relatively to complete electropolishing before 
notch machining. In this case, the level of 
significance is 1 % and the odds support the 
hypothesis of an effect, i.e. a general yield 
load decrease of about 0.9 kN (6 % ) . Possible 
explanation could ba a small change in 
geometry, the surface condition (cold-worked 
layer) or a change of friction characteristics 
between anvil and specimen. Finally, it was 
found that total polishing decreases the 
scatter of all results by a factor of about 2. 

It should finally be noted that, although the 
observed differences of the ryA energy and the 
energy at U.C.P. of machined and completely 
electropolished specimens are not significant 
(Table 2.3.6), an improvement of these proper
ties by complete electropol ishing can not i;e 
rejected. This improvement could be caused by 
a later initiation of unstable crack propa
gation (Fig. 2.3.6). 

The following conclusions can be drawn from 
the systematic instrumented impact testing of 
base material steel CVN specimens in the 
transition zone : 
- lateral electropolishing of CVN specimens 
after notch machining has no practical effect 
on the instrumented impact test properties, 

complete electropolishing before notch 
machining can increase the total energy for 
rupture and the energy at unstable crack 
propagation. On the other hand, it can also 
improve reproducibility by a factor of about 
2. 

influence p_f_S£ecimen reconstitution 

A series of experiments have been performed as 
a first qualification test for the stud-weld 
process developed in the framework of the 
SCK/CEN-Electronucléaire agreement for the 
reconstitution of Charpy VN specimens. À 
comparison was made between the properties of 
10 CVN specimens directly taken from a steel 
plate and 20 reconstituted CVN specimens, made 
from the two remnants of original CVN 
specimens and stud-welded to 18MND5 steel 
pieces. Some results are presented in Table 
2.3.6. One reconstituted specimen failed in 
the stud-weld, all the others failed in the 
notch. 

The results show that f*ie maximum load and the 
associated energy tend to be slightly lower 
for reconstituted samples. The decrease is 
0.7 kN (4 %) and 4.7 J (6 %) respectively. 



The effect on the other characteristics can be 
considered as not significant. 

This first qualification test series on base 
material already demonstrates the efficiency 
of the stud-welding process as a means for the 
reconstitution of CVN specimens, as developed 
at CEN-SCK. Only small differences in 
behaviour are observed, the global behaviour 
can indeed be considered as valid. Pie study 
will be extended to weld material. 

2.3.7 Statistical methods for the estimation 
of crack growth fracture resistance 

Ph. Van Asbroeck, J.-L. Puzzolante 

Any curve fitting of J-integral versus crack 
extension data requires a validated set of 
data. This validation sets upper and lower 
bounds to the useful crack extension. The 
upper bound ensures specimen size indepen
dence, so that the value of J characterizes 
the fracture behaviour of the ductile 
material. The lower bound ensures that only 
data, exhibiting ductile crack growth, will be 
considered for curve fitting. Four, but 
preferably six data points should remain 
within the exclusion lines for a valid descrip
tion of the crack growth fracture resistance 
behaviour. The effect of two aspects on the 
mathematically treated results will be treated 
in detail, i.e. the number of data and the 
possibility to extrapolate to low crack growth 
values. 

As a first remark, it should be reminded that, 
if sufficient evidence exists that the rela
tionship is linear, it is preferable to have 
more data at the ends, i.e. at the lower and 
upper bounds. This will decrease the error 
for the two line parameters (slope and 
ordinate at origin). In order to make maximal 
use of the information contained in each test, 
a sequential design of eAïeriments can be 
followed. The test conditions may be 
determined with the help of a Bayesian statis
tics model, which uses information already 
available, for example results from previous 
tests. With such a model test conditions can 
be chosen, which maximize the posterior 
probability density of the parameters, giving 
most weight to those estimates that are known 
with the highest precision. 

A limited number of data points can enhance 
the vulnerability of the least squares method 
fitting and lead to gross errors. The curve 
fitting is strongly affected by the presence 
of outliers, as illustrated in Fig. 2.3.7.1, 
and is very inefficient for dissymetrical 
distributions. Furthermore, the confidence 
interval for the slope is based on an assumed 

Fig. 2.3.7.1 : One-linear-regime fitting 
applied to a small number of 
data points, showing the 
efficiency of a non-parametric 
( ) fitting method over a 
least square (—) fitting 
method. 

normal distribution and is therefore very 
sensitive to any departure from normality, 
particularly for small numbers of data. 

Non-parametric regression methods are less 
sensitive to these drawbacks. Therefore, a 
simple "point and interval" estimation method 
was developed, based on Kendall's rank corre
lation Noncoefficient. The unbiased point 
estimator for the slope is the median of the 
set of slopes joining pairs of points of 
different adscisses. Using this estimate for 
the slope, the ordinate at the origin is 
calculated for each of the given points and 
their median value is selected as estimate of 
the ordinate at the origin. The lower sensiti
vity of this method to outlying data is demon
strated in Fig. 2.3.7.1. 

Crack growti fracture resistance J-curves are 
characterized by two regimes. The first one 
is the blunting or crack tip stretching 
regime, the second one is associated with 
crack growth. The lower bound defined by the 
validation process tends to exclude the data 
points located in the blunting regime in such 
a way that J-values associated to low crack 
growth values are usually estimated by extra
polation. Extrapolation is a risky operation, 
which can be further deteriorated by an 
unbalanced distribution of data points. This 
situation can be improved by including the 
origin of the X-Y axes as data point. 
Advantage can also be gained from the relative 
insensitivity of a non-parametric fitting 
method to outliers and so reduce the lower 
bound constraint and include all data points 
down to the origin. 
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Fig. 2.3.7.2 : Two-linear regimes fitting 
applied to a set of J-integral 
versus crack extension data, by 
a non-parametric fitting 
method 

In a first approach the problem was limited to 
the fitting of two segmented lines, the 
joining point of which had to be estimated. A 
non-parametric fitting model derived of the 
previous one was developed. The model selects 
as estimate of the slope of the first segment 
the median of the set of slopes joining the 
origin to the data points up to the first 
assumed joining point. The second segment was 
obtained in a similar way but starting this 
time from the assumed joining point (Fig. 
2.3.7.2). The differences (residuals) between 
the observed J-values and the values given by 
the segmented lines were calculated and their 
degree of correlation with crack growth was 
estimated by the Kendall's rank correlation 
coefficient. The next joining point was then 
selected, the corresponding segmented lines 
were calculated and the correlation coeffi
cients were estimated. The model works itera-
tively to the last assumed joining point. The 
segmented lines associated with the lowest 
correlation coefficient are selected. The 
present fitting method will be tested on an 
extended set cf data and will be improved to 
include the possibility of non-linear 
behaviour in the second regime. 

2.3.8 Corrosion of container and infrastruc
ture materials under clay repository 
conditions 

W. Debruyn, J. Oresselaers, H. Tas 

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

Attention wis focused on the effect of gamma 
radiation on corrosion. The experiments were 

carried out in a test facility located in the 
en "* 

BR2 reactor : a uuCo-source provides an 
average dose rate of 0.63 x 10 rad.h . The 
alloys Hastelloy C4, Ti/Pd (0.2) and carbon 
steel were submitted to corrosion tests in 
synthetic interstitial clay water at 90°C 
under oxidizing and reducing conditions. In 
parallel, samples were exposed in the 
laboratory in the same water at 90°C. Five 
irradiation experiments have been performed so 
far, with exposure times up to 1000 hours. 

Chemical characterization of the corrosive 
environment yielded the following results : 

- The pjH of the interstitial clay water is not 
affected significantly by radiation. The 
only perceptible effect is a slight acidifi
cation of the oxidized water, which is 
already acidic (pH = 5.8) under non-irra
diated conditions. 

- The Eh measurements show that the initial 
reducing conditions of the anoxic clay water 

Fig. 2.3.8 : Metallographic section of 
CEC-reference steel coupons after 
40 days exposure in "anoxic" 
synthetic clay water (nital etch) 

Top : without gamma irradiation 
Bottom : 105rad/h gamma irradiation 
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are basically maintained throughout the 
tests. 

Kinetic and mechanistic evaluation of the 
corroded specimens was performed for different 
exposure time intervals. Weight change measu
rements of Hastelloy C4 and Ti/Pd (0.2) 
yielded corrosion rates which for none of the 
conditions exceeded 200 nm. The corrosion 
rates observed with and without irradiation 
were comparable. Irradiation enhances 
corrosion of carbon steel in oxic clay water; 
the effect under anoxic conditions remains 
within the experimental scatter. This 
difference in effect might be due to the 
slight acidification occurring under oxic 
conditions, as mentioned before. 

Metallographic examinations revealed overall 
uniform attack of the carbon steel specimens 
and local pitting, reaching depths of 100 urn 
after 960 hours of exposure. This maximum 
pitting depth was obtained under anoxic condi
tions. Radiation does not seem to affect the 
extent of this phenomenon. This is illustra
ted in Fig. 2.3.8, which shows pitting with 
and without radiation. EPMA analysis of 
carbon steel coupons revealed oxide layers 
with incorporated clay water cations. Under 
oxic conditions combined with gamma irradia
tion oxysulphides were observed also. 

2.3.9 Corrosion of materials in an atmosphere 
typical for coal gasification plants 

W. Debruyn, H. Tas 

The corrosion behaviour of a number of alloys 
(coated or not) was evaluated in a laboratory 
furnace. The alloys were acquired from 
commercial suppliers or were produced by 
partners in the COST-project. The test 
campaigns consisted of exposures up to 900 
hours at 600°C and 800°C in a gaseous environ
ment characterized by the following «-hemical 
activities : 
- at 600°C : P02 = 0.9 x 10"

27 bar 
PS2 = 1.0 x 10"

1 2 bar 
ac = 0.62 

- at 800°C : P0Z = 1.0 x 10~
2 2 bar 

PS2 = 0.9 x 10"
10 bar 

ac = 0.04 

After exposure, kinetic information was 
obtained by weight change measurements. Mecha
nistic information was obtained by optical 
microscopy and microprobe analysis. 

The kinetic results indicate the existence of 
a temperature, above which material degrada
tion increases rapidly. This threshold 
temperature lies between 600°C and 800°C for 
the experimental conditions considered. This 

conclusion also appears from SEM-analyses as 
illustrated in Fig. 2.3.9. After an exposure 
at 600°C, the surface of AISI 310-stainless 
steel is covered with a thin discontinuous 
oxide layer and discrete sulphide particles. 
Thé fact that the protective oxide does not 
completely cover the surface after an exposure 
time of 900 hours, indicates that we are still 
at the very onset of corrosion attack. At 
800°C, on the contrary, a homogeneous 
corrosion layer has formed, which means that 
corrosion has progressed steadily over the 
same exposure time. The dominant corrosion 
mechanisms appear to be sulphidation and 
oxidation. Sulphur and oxygen act as antago
nists for the types of alloys selected 
oxidation builds surface oxide layers, which 
tend to protect the underlying material, 
whereas sulphidation causes fast material 
désintégration. 

All nickel alloys tested are prone to sulphur 
attack. The degradation is limited to a 
superficial layer of the material, provided 

Fig. 2.3.9 : Surface appearance of AISI 310 
steel after exposure to a 
laboratory coal gasification 
atmosphere 

Top : 900-hour exposure at 600°C 
Bottom : 900-hour exposure at 800°C 
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the chromium content of the alloy is suffi
ciently high. However, if the alloy does not 
contain a sufficiently high level of chromium 
or another oxide forming element, the 
nickel-base materials are virtually 
transparent to sulphur, resulting in severe 
sulphidation, mainly along the grain 
boundaries. 

The stainless steels tested show formation of 
surface oxides and/or sulphides or spinels of 
the alloying elements. The surface scales, 
which are formed by this process are not 
always protective. Failure can occur because 
of a lack of scale density, adhesion or 
stability. In the case of non-protective 
layers, the formation of M xS y in the 
underlying bulk material is the most 
frequently observed phenomenon. 

As a result of this study, three commercial 
alloys were selected as best choice construc
tie, material for coal gasification 
atmospheres : AISI 309, AISI 310 and Avesta 
253 MA. Three other materials also, two base 
alloys and one co?ting, produced by partners 
in the project were found to be performing 
equally well or better than the commercial 
alloys. For proprietary reasons no informa
tion on these materials can be given here. 

2.3.10 Corrosion in geothermal waters 

J. Dresselaers, H. Tas 

In order to evaluate the corrosion and depo
sition damage, which may occur in the geother
mal water of a well, situated in the urban 
centre of Turnhout at a depth of 800 m and 
with a temperature at the well head of 37°C, a 
water characterization and material test 
station was connected to the geothermal 
circuit. A first campaign of two months has 
-occiïcly been terminated. Analysis of all 
parameters measured during this campaign is 
still in progress; however, the most signifi
cant observations are the following. 

- The deposition products in the 
high-temperature test section and the 
low-temperature test section are very 
different. Deposits observed in the 
nigh-temperature test section are very thin 
and black. The specimens of the 
low-temperature test section are covered by 
thick brownish deposition layers. The 
deposits in the cold test section probably 
form during aeration, occurring occasio
nally in the geothermal system. 

- The pH varies between about 7.5 in the cold 
(21°C) test section and 7.3 in the hot test 
section (32°C). 

- Analysis of the gas contained in the 

geothermal water shows a very high N2 
content (95 * ) . 

- In-flow corrosion measurement, based on the 
continuous measurement of the linear polari
zation resistance, yields corrosion rates of 
340 urn/y for the casing material. 

- The oxygen content is limited to about 20 
ppb during regular operation of the system. 

At Merksplas the existing geothermal well in 
the Ci nanti aan reservoir has been coupled to a 
reinjection well in the cretaceous reservoir 
and a first pump test was performed (Fig. 
2.3.10). During this reinjection pump test 
SCK/CEN was asked to continuously monitor the 
geotl.ermal water quality. One of the objec
tives of this control was to determine the 
pumping time before completely uncontaminated 
gecthermal water would reach the surface. 
Based on continuous oxygen level monitoring it 
was possible to conclude that after 9 days 
pumping at 70 rrr/hour, uncontaminated 
geothermal water reached the surface. Other 
on-line controls such as pH and total pressure 
were also measured successfully. 

Fig. 2.3.10 : Reinjection test at Merksplas 

2.3.11 Non-destructive testing of thin-walled 
tubes with ultrasonic waves 

J. Gedopt, J. Minhas (11), R. 
Chaouadi (12) 

Ultrasonic analysis is applied in the 
Metallurgy department for several years for 
the non-destructive testing (NDT) of 0DS 
ferritic steel cladding tubes. 

Both shear waves and Lamb waves are used. 
Shear waves can be generated in materials at 
any angle of incidence between 0° and 37°, 
whilst Lamb waves are only generated at fixed 
limited angles of incidence depending on the 
frequency and the wall thickness of the 
material. 
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Fundamental studies have been performed in 
order to f ind out which method is best suited 
for NOT of thin-walled tubes. A computer 
programme was used to calculate the angles of 
incidence for the generation of Lamb waves. 
The generated information was subsequently 
applied to a real case. The results of th is 
research can be summarized as follows : 
- Shear waves are very sensitive to external 

defects, even small surface scratches (< 5 
Mm) can be detected. 

- Due to the sensi t iv i ty to external defects 
and due to the i r strong at tenuat ion, the 
detection of internal defects is d i f f i c u l t . 

- Lamb waves, which propagate through the 
whole section of a thin-walled material are 
attenuated less and consequently the detec
t ion of internal defects becomes much 
easier. 

- Lamb waves are not sensit ive to small 
surface scratches (< 5 um) 

I t can be concluded that Lamb waves are best 
suited for NDT of thin-walled tubes. However, 
as the generation of Lamb waves is depending 
on the frequency, care has to be taken to use 
small-band transducers which have a strong 
resonant frequency and consequently only 
generate one Lamb wave mode for one angle of 
incidence. 

2.3.12 A solid e lectro ly te based pH sensor 

F. De Schutter, H. Tas 

This work is performed under contract with the 
"Vlaamse Executieve" (Regional Government) No 
628049. 

Aim of th is project i s to develop a pH sensor 
which can operate a t high temperature and 
pressures, i . e . where commercial pH glass 
electrodes are not applicable. A pH sensor, 
based on a zirconia oxygen conducting sol id 
electrolyte has been reported in l i t e r a t u r e . 
In this project the potential of a proton 
conducting sol id e lec t ro ly te , p-alumina, is 
explored. 

In the f i r s t stage of th is investigation 
0-alumina samples of d i f fe rent or igin were 
exposed to strongly a lka l ine , strongly acid or 
neutral environments at 95 °C in order to 
study their s t a b i l i t y in these media. The 
material appeared to withstand a lkal ine and 
neutral environments, but exposure to strongly 
acidic solutions resulted in complete désinté
gration of the ceramic. The phenomenon is 
ascribed to an exchange process between sodium 
and protons, result ing in a strong expansion 
along the crystallographic c-axis of the 
p-alumina l a t t i c e . This was confirmed by the 
fact that proton exchange of the material 

(Nicholson procedure) prior to exposure to the 
aqueous test media resulted in much better 
material s t a b i l i t y . 
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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 is carried out under the 
auspices of the European Community (contract 
No 200/85-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 
tnetasilicate 

Lithium silicate batches with some 
orthosilicate or some disilicate are being 
prepared to continue the study of the thermal 
stability of the compounds. 
It is now possible to fabricate, cr. a 
laboratory scale, lithium metasilicate pellets 
with densities ranging from 70% T.D. to 
96% T.D. with different grain sizes and 
porosity patterns. The influence of these 
characteristics on the in-pile behaviour of 
the material is investigated now. 
Fabrication studies will be temporarily 
stopped until most post-irradiation 
examination results are known. 

3.2.2 Fabrication investigation of lithium 
metazirconate 

As mentioned in the previous report, lithium 
metazirconate is a promising tritium breeder 
as it shows good mechanical stability and a 
high tritium release. 

Lithium metazirconate batches liave been 
prepared from natural lithium carbonate and 
different qualities of zirconia powders. Some 
powder characteristics are given in Table 
3.2.2. 
As a rule, zirconia powders with a low 
specific surface area are more crystalline 
than high specific surface area powders. 
Except for one of the CRICERAM batches, all 
zirconia powders have a monoclini.. lattice. 
The morphology of the powder particles 
represents anoth .• important characteristic 
(Fig. 3.2.2). The CRICERAM powders with a 40 
m2/g specific surface area consist of very 
loose agglomerates. Those 10 to 30 urn 
agglomerates are rather spherical and 
constituted of very fine grains (0.3 urn). The 
FBFC Int. batch contains no chlorine and no 
hafnium and has a relatively high apparent 
density (0.45 g/cm3), which is not surprising 
according to the morphology of the grains. 
Zirconium dioxide, supplied by Z-TECH 
Corporation, is produced in a plasma arc. 
Zircc sand particles, injected in a plasma, 
dissociate into zirconia and silica. Silica is 
dissolved by caustic soda and the process 
gives partly porous zirconia particles. They 
show a good ccystallinity, are chlorine-free 
and do not absorb much water. They consist of 
somewhat irregular agglomerates which are 
constituted of small grains either spherical 
or a little elongated in shape (0.1-0.3 urn). 
The M.E.L. zirconia powders are dense and 
manufactured by calcining an intermediate 
precipitate. This powder absorbs much more 
water than other powders with a low specific 
surface area. It is constituted of irregular 
agglomerates : some are porous, other dense. 

Table 3.2.2 Characteristics of zirconia powders 

Manufacturer 

B.E.T. (m*/g) 
Main phase 
Granulometry (urn) 

100% 
95% 
80% 
50% 

Impurities (ppm) 
F" 
cr 
Hf 
A: 
Ca 
Fe 

Weight loss at 1000°C 

1 

CRICERAM 

11 
monoclinic 

<30 
< 4 
< 1 
< 0.3 

< 5 
1200 

natural 
1500 
n.d. 
107 

0.57 

40 
tetragonal 

<50 
<30 
<12 
< 0.8 

32 
7800 

natural 
440 

n.d. 
17 

3.69 

FBFC 
International 

31 
monoclinic 

<20 
< 9 
< 4.5 
< 1.6 

12 
22 

<100 
<10 
738 
11 

1.54 

Magnesium 
Elektron Ltd 

12.6 
monoclinic 

<50 
<20 
< 5.5 
< 3.c. 

7 
181 

natura' 
<10 
n.d 
<1J 

Z 

Z-TECH 
Corporation 

10 
monoclinic 

<40 
<20 
<15 
< 6 

< 5 
17 

natural 
101 
290 
208 

0.17 
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1.2J Thermal They are made up of 0.1-0.4 um grains. 
It has been found that the zirconia powder 
characteristics affect the fabrication 
parameters and the final density of the 
metazirconate pellets. A M.E.L. zirconia 
powder, for instance, does not give a 
sinterable lithium metazirconate : the maximum 
sintered density obtained was 70% T.D. 
The reaction rate between zirconia and lithium 
carbonate also depends on the zirconia 
powder characteristics. 

3.2.3 Characteristics of sintered lithium 
metazirconate pellets 

- Open porosity 

The open porosity of numerous pellets, 
sintered at different temperatures, has been 
measured by mercury porosimetry. The results 
are summarized in Fig. 3.2.3.a. The graph 
shows that, taking into account the precision 
of the measurements, all the pores can be 
considered as open in a density range from 70 
to 93% T.D. Nc effect of the calcination or 
sintering temperature could be evidenced. As 
npen porosity could favour tritium release 
during irradiation, this result is still 
better than those obtained on lithium 
metasilicate pellets [1,2] where an increasing 
amount of closed pores is detected above 
76-77% T.D. 

- Thermal expansion 

Thermal expansion of lithium metazirconate has 
been determined by dilatomet.y. Three 
experiments have been performed on sintered 
pellets with a density of about 90% T.D. They 
have been stabilized by an extra treatment at 
1.000°C for 40h to lOOh in the dilatomete-
just before measuring the thermal expansion 
between room temperature and 950°C. The mean 
result is plotted in Fig. 3.2.3.b together 

% porosity 
30 

26 f * 

22 | 

181 
14i 

10 

6 

2 

72 76 80 84 88 92%T.D. 

Fig. 3.2.3.a Open porosity of lithium meta
zirconate pellets fabricated with a high 
specific surface zirconia 

0 200 400 600 800 °C 

Fig. 3.2.3.b Thermal expansion of Li^SiO^ and 
Li22r03-

with the results of former determinations on 
lithium metasilicate. The graphs show that 
thermal expansion of lithium metazirconate is 
much lower than that of lithium metasilicate. 
This is a positive characteristic as a low 
thermal expansion coefficient is favourable 
with respect to thermal shock resistance. 

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 project to 
perform irradiations in the HFR reactor. They 
are named EXOTIC (Extraction of Tritium I_n 
Ceramics). 
Tne third EXOTIC experiment, irradiated in HFR 
during 1986, was dismantled in Petten in 
January 1987 and the pellets were transported 
to Mol for post irradiation examination. 
The fourth EXOTIC experiment, the irradiation 
of which is scheduled for the beginning of 
1988, is being discussed with the other 
partners. All capsules will be vented 
separately and four of them will contain 
CEN/SCK material : two capsules with LigZrO-j, 
newly developed, and two capsules with Li^SiO^ 
in order to complete the evaluation of the 
influence of the irradiation temperature and 
time on the behaviour of pellets with 
different grain sizes. The possibility of 
reirradiating some pellets of the EXOTIC-2 
experiment, already irradiated during 2 
reactor cycles, is also envisaged. 
Preliminary experiments have been carried out 
in order to determine the fabrication 
parameters for obtaining lithium metazirconate 
pellets with appropriate characteristics. Some 
mini-batches containing natural zirconia and 
depleted lithium carbonate (0.5 a.% °Li) are 
spray-dried. 
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3.2.4.2 ELIMA and DELICE experiments 

In order to investigate whether or not lithium 
metasilicate and lithium metazirconate behave 
differently when irradiated under different 
neutron spectra, pellets have been prepared 
for participating in two international irra
diations : ELIMA 2 under fast flux in the HFR 
reactor in the Netherlands (insteau of in the 
KNK II reactor as initially foreseen) and 
DELICE 3 under thermal flux in the Osiris 
reactor in France. 

Table 3.2.4.2 Characteristics of Li2SiÛ3 and 
Li2Zr03 pellets for the ELIMA 2 and DELICE 3 
experiments. 

Batch 
number 

SP384 
SP395 
KT13/P5-M 
SP394 
KT13/P5-L 

Zrl2/E 

Material 

Li2Si03 

II 

M 

II 

Li2Zr03 

Density 
«T.D. 
+ 1.5 
+ 1.5 

81.5 
II 

II 

74.5 
If 

SO 

Grain 
size 
Mm 

1.1 
0.4 
1.7 
0.3 
0.9 

2.4 

Open 
porosity 

% 

14.1 
16.3 
16.6 
23.8 
23.2 

18.2 

Mean 
9 \>m 

0.18 
0.09 
0.58 
0.14 
0.33 

0.37 

The Li^SiOj pellets were fabricated during the 
second semester of 1986 [ 2] whereas the 
LipZr03 pellets were prepared early in 1987. 
All pellets contain natural lithium and are 
centetless ground to a diameter of 4.9 mm. 
Table 3.2.4.2. gives some characteristics of 
the different batches. 

3.2.5 Post-irradiation examination 

P. Diels, L. Sannen , F. Luyckx 

The pellets irradiated in EXOTIC-1 and 2 have 
been fully characterized. 
The irradiation conditions and some pellet 
characteristics, before and after irradiation, 
are summarized in Table 3.2.5.a. 

- Dimensional stability 

A very limited change in diameter and height 
has been measured on lithium metasilicate 
pellets sintered to a density of 81% T.D., 
after a 25 full power days (FPD) of 
irradiation at 395°C or 505°C. These small 
changes cause a 1% decrease in density. 
Recrystallized pellets with a density of 

LHMA Department 

96ï T.D., irradiated twice as long at 425rC, 
exhibit a swelling in diameter and height 
causing a density decrease of 2.5%, which is 
slightly more than two times the preceding 
result. Seme of these pellets are cracked. The 
same high-density pellets, irradiated at 630°C 
or 575°C show minor changes in diameter and 
height after 50 FPD in the HFR reactor. The 
corresponding density decrease is smaller than 
0.42. These pellets show no cracking. 
The present results indicate that 
— 96% T.D. lithium metasilicate pellets 

remain dimensionally stable when irradiated 
at 575°C or 630°C during 2 HFR reactor 
cycles. 

— 96% T.D. and 81% T.D. lithium metasilicace 
pellets swell when irradiated below 500°C 
even for 1 reactor cycle . 

These first irradiations do not allow one to 
conclude whether or not high density pellets 
exhibit a much higher swelling at low 
temperature than medium density pellets 
because, within certain limits, swelling could 
be proportional to the irradiation time. No 
effect of the presence of some lithium 
orthosilicate on the dimensional stability of 
the pellets has been evidenced. 

— Grain size 

Though the different pellets cover a wide 
range of grain sizes from 0.5 urn to 12 urn, no 
qrain growth has been observed by optical 
microscopy. This result has been confirmed by 
scanning electron microscopy, allowing a more 
precise grain size determination in 
submicron textures. The results of the 
measurements are given in Table 3.2.5.a. 

- Porosity 

The fract ion of open pores mentioned in Table 
3.2.5.a is expressed in terms of percentage of 
to ta l porosity. Apart from batch SP67, the 
open porosity as well as the mean open pore 
diameter of the low-density EXOTIC-1 pe l le ts , 
are not affected during i r rad ia t ion. The SP67 
pellets show indeed a rather marked increase 
of the mean open pore diameter. I t is not 
clear whether or not the deviating behaviour 
of these pel lets can be ascribed to thei r 
larger grain size. 
For the high-density EXOTIC-2 pellets a drop 
in open porosity is measured for batches 
SP180-2 and SP180-3 irradiated in capsule 05.2 
(575°C) and for batch SP180-2 eradiated in 
capsule 06.1 (425°C). Remeasurement of two of 
these batches confirmed this phenomenon. This 
discrepancy has not been explained. On the 
other hand, a l l high-density EXOTIC-2 pellets 
establish a marked increase of the mean open 
pore diameter. 
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Table 3.2.5.a 
experiments 

Irradiation conditions and pellet characteristics of the EXOTIC-1 and 2 

EXOTIC-1 : - 7.46 àt.% 6Li (natural) 
- pellet density : 81 + 1 % T.D. 
- irradiation time : 25 FPD 

EXOTIC-2 : - 0.54 at.% bLi 
- pellet density : 95.5 + 1 % T.D. 
- irradiation time : 50 FPD 

Capsule 
N° 

EXOTIC-1 01.1 

02.1 

EXOTIC-2 05.1 

05.2 

06.1 

Irradiation 
temperature 

°C 

395 

505 

630 

575 

425 

Pellet 
batch 

N° 

SP54 
SP66 

KT11-D/P3 
SP67 
SP54 
SP66 

KT11-D/P3 
SP67 

SP179-1 
SP179-2 
SP179-3 
SP180-1 
SP180-2 
SP180-3 
SP180-1 
SP180-2 
SP130-3 

Mean grain size 
in uni 

as-fabric. 

0.5 
1 
2 
2-5 
0.5 
1 
2 
2-5 
11-12 
11-12 
12-14 
9-11 
11-12 
11 
9-11 
11-12 
11 

after 
irrad. 

0.5 
1 
2-3 
5-6 
0.5 
1 
2-3 
5-6 
10 
10 
12 
12 
12 
13 
12 
12 
13 

3pen porosity 

as-fabric. 

% tot. 

89 
87 
99 
96 
89 
87 
99 
96 
87 
87 
87 
88 
94 
91 
88 
94 
91 

mean 0 
urn 

0.24 
0.30 
0.34 
0.13 
0.24 
0.30 
0.34 
0.13 
0.12 
0.11 
0.16 
0.06 
0.08 
0.07 
0.06 
0.08 
0.06 

after 

% tot. 

93 
82 
97 
100 
94 
88 
96 
100 
86 
88 
82 
83 
60 
72 
88 
74 
91 

irrad. 

mean 0 
urn 

0.24 
0.30 
0.39 
0.27 
0.20 
0.26 
0.34 
0.20 
0.20 
0.17 
0.20 
0.08 
0.10 
0.13 
0.16 
0.13 
0.15 

Capsul 
N° 

EXOTIC-1 

EXOTIC-2 

e 

01.1 

02.1 

05.1 

05.2 

06,1 

Pellet 
batches 

SP54 
SP66 

KT11-D/P3 
SP67 
SP54 
SP66 

KT11-D/P3 
SP67 
SP179-1 
SP179-2 
SP179-3 
SP180-1 
SP180-2 
SP180-3 
SP180-1 
SP180-2 
SP180-3 

Crystallographic 

as-fabric. 

M 
M 

M+0.3 % D 
M 
M 
M 

M+0.3 % D 
M 

M+traces 0 
M+traces 0 
M+traces 0 
M+0.3 % 0 
M+0.3 % 0 
M+0.3 % 0 
M+0.3 % 0 
M+0.3 % 0 
M+0.3 % 0 

* 
composition 

after 
irradiât. 

M+0.5 % C 
M+0.4 % C 
M+0.5 % D 

M 
(a)* 
M (a) 
M (a) 
M (a) 

M+traces 0 
M+traces C 
M+traces 0 
M+traces 0 
M+traces 0 
M+traces 0 

M 
M 
M 

Crystallinity 

as-fabric 
Bj.10-2 

2.3 
2.7 
2.4 
2.7 
2.3 
2.7 
2.4 
2.7 
2.3 
2.3 
2.3 
2.3 
2.2 
2.3 
2.3 
2.2 
2.3 

-

after 
irrad. 
B2.10"

z 

2.8 
3.3 
3.2 
2.9 
n.m. 
n.m. 
n.m. 
n.m. 
3.4 
3.7 
3.7 
3.7 
3.7 
3.7 
3.8 
3.7 
3.5 

B2/B1 

1.22 
1.22 
1.33 
1.07 
-
-
-
-
1.48 
1.61 
1.65 
1.61 
1.68 
1.61 
1.65 
1.68 
1.52 

M stands for i^SiO? 

0 stands for Li2^^ 2^5 

B = 1ine breadth 

0 stands for L ^ S ^ 
C stands for Li2C03 

(a) stands for amorphous 

integrated intensity of line 

intensity at peak 
measured on (111) Li metasilicate line 
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- Structure 

The pellets have been analysed by X-ray 
diffraction and the main results are 
summarized in Table 3.2.5.a. Small amounts of 
lithium carbonate have been detected in some 
irradiated metasilicate pellets : this is not 
an irradiation effect but more likely an 
effect of the long storage of the pellets in 
ambient air, which allows them to react with 
CO?, generating some lithium carbonate. Apart 
from that, no change in composition was 
detected. 
The metasilicate pellets containing 0.3X 
lithium orthosilicate contain no more or only 
traces of the secondary phase after a 50 FPD 
irradiation. This could suggest a certain 
instability of lithium orthosilicate during 
irradiation. It is, in fact, quite natural 
that only minor changes in composition are 
evidenced because the irradiation times were 
too low to destroy many lithium atoms. 
If short-term irradiations hardly affect the 
phase composition of the lithium silicates, 
it was found that, in well-defined conditions, 
they induce partial or complete transformation 
of the crystalline structure into an amorphous 
on3. This effect was indeed observed for the 
low-density EX0TIC-1 pellets irradiated in 
capsule 02.1 (505°C) (Fig. 3.2.5). 

As-Fabricated 

i i 
O « 0 

Fig. 3.2.5 : Structural change as observed for 
EXOTIC-1 capsule 02.1 

The degree of vitrification appeared to 
increase with decreasing grain size. 
As evidenced by line broadening measurements, 
the irradiation of lithium metasilicate 
pellets appears to induce lattice distortion. 
Since this effect is more pronounced for the 
high-density pellets, which were irradiated 
twice as long as the low-density pellets, this 
effect is believed to result from radiation 
damage, and seems to be independent of the 
pellet characteristics and the irradiation 
temperature. 

- Retained tritium 

As already mentioned in the previous Research 
Division Report [2] retained tritium was 
extracted from the pellets according to two 
different methods : the chemical method and 
the hot vacuum extraction method (HVE). As 
shown in Table 3.2.5.b the irradiation 
temperature and structural characteristics 
appear to exert no marked influence upon 
tritium retention in the EXOTIC-1 low density 
pellets. On the other hand, the relatively low 
tritium content, observed for batch KT11-D/P3, 
might result from a possible influence of the 
fabrication route and/or of the composition. 

Table 3.2.5.b : EXOTIC-1 : Retained tritium as 
obtained from the different batches 

Batch 
No 

SP54 
SP66 

KT11-D/P3* 
SP67 

Grain 
size 
urn 

0.5 
0.7 
2 
2-5 

Mean 
pore 

9 
urn 

0.25 
0.30 
0.34 
0.13 

Retained tritium 
(G.Bq/g) 

Capsule 
01.1 

(395°C) 

7.5 
5.1 
3.3 
9.2 

Capsule 
02.1 
(505°C) 

8.0 

2.6 
6.7 

Batch containing disilicate and prepared 
with a mechanical kneader 

As distinct from the other three batches, this 
batch has been indeed dried by means of a 
mechanical kneader and contains a small amount 
of disilicate. Retained tritium does not seem 
to be altered by the vitrification process 
occurring at 505°C. Comparison of the EXOTIC-1 
and EXOTIC-2 overall results, given in Table 
3.2.5.C in terms of percentage of total 
tritium production, would suggest at fi<-st 
sight, the use of high-density pellets to be 
disadvantageous. 
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Table 3.2.5.C : EXOTIC 
tritium overall results 

1 and 2 Retained 

Experiment 

EXOTIC-1 
(25 FPD)* 

EXOTIC-2 
(50 FPD)* 

Irr. 
T°C 

395 
505 

425 
575 
630 

6Li 
at.? 

7.46 
7.46 

0.54 
0.54 
0.54 

D9 ÏTTD. 

81.3 
81.3 

96.0 
96.0 
95.2 

Swell. 
% 

0.97 
1.02 

2.46 
0.36 
+ 0 

Retained 
tritium 

GBq/g 

6.3 
6.6 

5.6 
3.7 
2.4 

%** 

9.1 
9.4 

26.4 
16.5 
11.1 

FPD = full power days 

2 = percentage of generated tritium 
D q = geometrical density 

Remark : tritium production in EXOTIC-1 is 
three times as high as in EXOTIC-2 

This is a premature conclusion however : 
retained tritium expressed in terms of 
absolute values (Bq/g) is indeed lower for the 
EXOTIC-2 pellets. The higher percentage values 
obtained for EXOTIC-2 result from the use of 
depleted lithium carbonate, which leads, in 
spite of the longer irradiation time, to a 
significantly lower tritium production. The 
amount of generated tritium for EXOTIC-1 
appeared indeed to be about three times as 
high as for EXOTIC-2. 
Moreover, retained tritium values obtained for 
EXOTIC-2 indicate tritium release to be 
governed by a diffusion-controlled mechanism. 
A relationship between retained tritium and 
dimensional stability is also established. The 
irradiation of high-density pellets may 
therefore be advantageous : the obtention of a 
tritium release comparable to that obtained 
with low-density pellets seems feasible and a 
good dimensional stability is maintained 
during irradiation. 
The HVE equipment at SCK/CEN has been adapted 
recently in order to allow the detection of 
minor variations of retained tritium. Test 
measurements have been started. 

3.3 ENGINEERING CERAMICS 

3.3.1 Injection moulding 

A. Smolders, H. Van Gerven 

As mentioned in the previous report [2], the 
debonding procedure has been adapted. A single 

proprietary work performed under contract 
with industry 

change in the debonding parameters has allowed 
to avoid any deformation during burn-out. This 
problem being solved, an investigation of the 
influence of injection moulding parameters 
such as material temperature, injection speed, 
mould temperature and pressure on the test 
beam quality has been performed. Fig. 3.3.1.a 
and 3.3.1.b show respectively the effect of 
the mould and material temperature on the 
shrinkage of the test beams. 

shrinkage 
in % 

Fig. 3.3.1.a : Influence of the mould 
temperature on the shrinkage of the test beams 

shrinkage 
in % 

240 260 °C 
material temperature 

Fig. 3.3.l.b : Influence of the temperature of 
the material to be injection moulded on the 
shrinkage of the test beams 

As a result, the injection moulding procedure 
has been optimized and it is now possible to 
fabricate test beams, the useful part of which 
is without defects. Nevertheless, minor flaws 
persist in some regions of the testbars. The 
reason for these flaws is still being studied. 
Injection moulding of parts with a thicker 
section (12 x 13 x 50 mm) has also been 
started. The working procedure, used for small 
sections, has already been adapted to avoid 
flaws and pores. The burn-out of these thicker 
beams is being investigated. 
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3.3.2 Binder burn-out 

R. Gilissen 

Binder removal from injection-moulded ceramics 
is a critical and time-consuming operation. 
The beneficial effect of using oxygen instead 
of air and the possibilities of rate-
controlled extraction have been previously 
reported [ 3,4] . The binder removal process has 
further been optimized for the present binder 
composition. It has been demonstrated by 
thermogravimetry and small-scale production 
runs that the necessary time for binder 
burn-out can be drastically reduced. 

3.3.3 Pressureless sintering of silicon 

nitride 

R. Gilissen 

Most work has been directed to the problems of 
scaling up from laboratory conditions to 
conditions encountered in a large sintering 
furnace. It is known that silicon nitride can 
only be successfully sintered in a powder bed 
of the same composition in order to suppress 
weight losses by dissociation and evaporation. 
It has also been reported that high heating 
-•tes and short sintering times at high 
temperature are beneficial for obtaining high 
densities. These conditions are however 
conflicting with the use of large powder teds 
because of the thermal inertia of the powder 
mass. This creates a temperature lag in the 
centre of the powder bed resulting in 
undesirable internal stresses and non-reprodu
cible sintering results for large batches. 
The temperature lag has been measured on 
different locations and for different heating 
rates. An appropriate temperature cycle has 
been derived from the results. 

3.3.4 High temperature-high pressure d i la to -
metry 

R. Gilissen 

The high temperature-high pressure dilatometer 
has been made operational on a routine basis. 
A lot of design problems and material 
compatibility problems had to be solved. The 
installation allows now to follow continuously 
the shrinkage of a sample during sintering at 
temperatures up to 2000°C and pressures up to 
100 bar. Measurements can be made in a powder 
bed environment. This dilatometer is a 
powerful tool for investigating sintering 
conditions. 

proprietary work performed um'er contract 
with industry 

Fig. 3.3.4.a shows an example of a sintering 
run performed on SijN^. It is worthwhile to 
note the onset of sintering at relatively low 
temperature and the existence of at least two 
sintering mechanisms. 

200 250 
time (min) 

Fig. 3.3.4.a : Example of a high 
temperature-high pressure dilatometer regis
t ra t ion : Si'3N4 + 5% Y203 + 25! A1203 ; heating 
rate l00O°C/h. 

3.3.5 Reaction bonded s i l icon n i t r ide 

R. Gilissen 

As reported earlier components up to a 50 mm 
thickness have been successfully fabricated in 
reaction bonded silicon nitride (RBSN). This 
supposes the commercial silicon powders, used 
as raw materials, is pre-treated. Obtention of 
still larger components prooved to be more 
difficult. Optimum dewaxing and pre-sintering 
conditions have to be defined on large scale 
experiments which would presently give some 
problems due to the limited capacity of our 
powder conditioning and binder addition 
facilities. After having evaluated the 
nitridation behaviour of commercially 
available silicon powders, a manufacturer has 
been found, who can fabricate ceramic grade 
silicon powders with an appropriate grain 
size and an acceptable impurity level and who 
accepts to admix pressing aids on limited 
quantities of material. An order has been 
placed, allowing us to start large scale 
experimental runs in a near future. 

3.3.6 Extrusion 

J. Sleurs 

The extrusion technique for producing silicon 
carbide tubes is being further studied. The 
lamination or structuration defects, mentioned 
in the previous report [2], have been the 
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curse of extrusion since inception, reports 
G.C. Robinson [ 3 . It is a complex phenomenon 
which is difficult to avoid but it can be 
controlled by the die design and material 
composition. Although the causes of these 
defects could not be firmly established, 
several measures such as a slight modification 
in the composition of the mixture, a thorough 
working and kneading of the extrudate and an 
adaptation of the extrusion core have led to 
the improvement shown in Fig. 3.3.6.a and 
3.3.6.b. 
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Fig. 3.3.6.a : Transverse section 
structuration defects in a silicon 
tube (sintered density : 2.6) 

1 mm 

showing 
carbide 

extrusion or during the thermal treatments. It 
is believed, however, that they result from an 
interplay of heterogeneities developed during 
extrusion and of effects of thermal 
treatments. An adapted form of die and core is 
searched for in order to improve the shape 
stability of long tubes. The effect of the 
thermal conditions will also be investigated. 
A first attempt to produce small extruded 
tubes with short inner fins was very 
promising. Densities up to 3.12 were reached 
and the tubes were leak-proof. 

3.3.7 Isostatic pressing techniques 

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

J. Schrijvers, J. Sleurs 

Various components were obtained in 
reaction-bonded silicon nitride (RBSN) and in 
silicon carbide by cold isostatic pressing and 
machining. Fig. 3.3.7.a shows some examples 
such as tubes with small inner fins, wire 
guides, stoppers, etc... Many small and large 
high temperature resistant crucibles were also 
made for own programmes. An industrial company 
has recently shown interest in our crucibles 
and wishes to make use of our fabrication 
know-how of crucibles for its own high 
temperature furnaces. 

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

J. Schrijvers, J. Sleurs, V. Rowies 

1 

Fig. 3.3.6.b : Transverse section in an 
extruded silicon carbide tibe sintered to a 
density of 3.09. 

After dewaxing and mainly after sintering, 
deformations such as bending, warping and 
flattening occurred in long tubes. Presently 
it is difficult to answer the question whether 
or not these deformations are generated during 

Hot isostatic oressing is a thermal treatment 
(up to 2000°C) under an all sided gas pressure 
(up to 2000 bar). H.I.P.'ping combines the 
advantages of pressure sintering and of 
near-net-shape forming. Positive effects of 
H.I.P.'ping are : increase in density, healing 
of cracks, improvement of component 
reliability and reduction in the dispersion of 
the mechanical properties. Negative effects 
can be : grain growth as well as vaporization 
of a liquid phase and possibly decomposition 
of silicon nitride. Because of its good 
temperature homogeneity, even at low 
pressures, our H.i.P. equipment allows 
pressureless sintering to be carried out in 
the pressure vessel prior to hipping. 
Comparative experiments showed that silicon 
nitride pellets pressureless sintered in the 
H.I.P. installation reach the saire densities 
as similar pellets sintered in other furnaces 
when applying the same sintering cycle. When 
the sintering cycle is immediately followed by 
a hipping treatment, a maximum density of 3.16 
is reached. This corresponds to a density 

National Forge Europe/I.M.T.-Belgium 
(St. Niklaas) 
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Fig. 3.3.7.a : Components in silicon carbide produced by cold isostatic pressing and machining 

increase of only 0.10. These preliminary tests 
suggest that it will probably be very 
difficult to obtain a full densification i.e. 
up to the theoretical density. It must, 
however, be emphasized that the theoretical 
density is not rigorously known when working 
with silicon nitride containing additives. A 
collaborative project has been negociated 
between CEN/SCK, another research institute 
and industrial companies to study in more 
details the effect of hipping on ceramics, in 
the framework of an E.E.C. sponsored 
programme. 

Apart from applications on high-density 
sintered components, showing no open porosity, 
hipping can be applied on components with open 
porosity or used as a near-net-shape forming 
technique. In these cases, encapsulation 
techniques have to be used. These studies are 
jointly carried out with National Forge 
Europe/I.M.T. Belgium (St. Niklaas) within the 
modalities of the Royal Decree 123. Capsules 
or cans, showing plasticity at high 
temperature, are necessary to prevent the gas 
to enter the pores of the component. For 
near-net-shape forming, metal capsules can be 
made, for instance, by electrolytic deposition 
of metal on a positive model of the desired 
component, even if it has an intricate shape. 
The model can be manufactured from wax or from 
a low melting alloy. After melting of the 
auxiliary material, the electro-deposited 
metal layer remains, giving a can of the 
desired form. Another method, which is being 
investigated, is the so called "sinter-canning 
technique". This technique involves the 
coating of an already shaped low-density 
ceramic component with a ceramic powder 
mixture which is then sintered to gas 
tightness. The initial problems encountered in 
depositing a silicon nitride rich mixture onto 
silicon nitride samples have been solved. 

Nevertheless, no gas tightness was obtained. 
Optimization and further developments of both 
processes will probably need a large effort. 

In the framework of a programme supported by 
the Flemish Executive and concerning the 
upgrading of coatings, several HIP treatments 
were carried out on various plasma-sprayed 
coatings deposited on cast iron and carbon 
steal. The results are being evaluated. 

3.3.8 High-temperature corrosion 

P. Diels 

The following experiments fit in the CEC 
stimulation Action Programme (contract No 
ST2J-0146-3) involving the high-temperature 
corrosion of engineering ceramics and which is 
carried out in collaboration with JRC(-Petten) 
and the University of Leeds and Limoges. 
Silicon nitride samples, exposed during 650 h 
to the corrosive flue gasses in an industrial 
aluminium remelting furnace, have been 
examined by ceramography, scanning electron 
microscopy (SEM), microprobe analysis (MPA) 
and X-ray diffraction analysis (XRD). Visual 
inspection of the samples showed this exposure 
to result in the local formation of vitreous 
blisters, which appear to be heterogeneously 
distributed on the sample surfaces. It must be 
emphasized that some of these blisters are 
hollow and seem to originate from droplet 
formation. Examination of the silicon nitride 
Samples by optical microscopy and XRD showed 
the corrosion test to exert no influence upon 
the structure and composition of the matrix 
material. However, XRD analysis performed on 
scrapings of the blisters revealed them to 
present a rather complex composition : the 
presence of a Na-Al silicate (main component) 
and of two mixed oxides (secondary components) 
respectively containing Al, Y and Ca, Fe was 



« lb 

establisied. It is obvious that some of the 
elements, which compose these crystal 
lattices, can be partly replaced by other 
elements. MPA of the blister material showed 
the presence of the following elements : Si, 
Al, Ca, Na, K, Mg, Fe, Y. Sulphur was also 
found locally. It is interesting to note that 
though diffusion layers are not observed, most 
of the elements composing the starting 
material (Si, Mg, Fe, Y, Al, Ca) appear to 
occur in the blister material. 

3.4 SUPERCONDUCTING CERAMICS 

R. Gilissen 

Chu e.a. published [60 early this year that a 
ceramic compound, based on Ba, Y, Cu and 0, 
showed superconducting behaviour at a 
temperature of 98K. The possibility of 
achieving superconductivity at liquid nitrogen 
temperature (77K) rather than at liquid helium 
temperature (4K) prompted researchers from all 
over the world to start vast research 
programmes. It is too early to evaluate 
whether this achievement will lead to a 
technological revolution by bringing 
superconductivity nearer to the commercial 
applications. The numerous conferences and 
publications on this topic during the first 
semester of this year illustrate however the 
importance which is attributed to it by the 
scientific community. 
CEN/SCK decided to extend its expertise on 
superconductivity to this new field of 
materials and the Ceramic Research department 
was invited to participate to the efforts on 
the synthesis of ceramic superconductors. 
Though the first sample, showing 
superconductivity at liquid nitrogen 
temperature, was synthetized early in April by 
the Materials Phvstcs department, it has been 
demonstrated that the preparation of a pure 
stoichiometric compound is really difficult. 
Thermogravimetric experiments, small 
production runs and characterization by X-ray 
diffraction and optical microscopy allowed to 
formulate good preparation conditions. The 
YBa2Cu3Û7.n compound can be synthetized from 
Y2O3, BaCÔ3 and CuO by solid state reaction at 
about 9üO-950°C when proper care is taken on 
the heating cycle. Oxygen stoichiometry can be 
controlled at temperatures of 350-450°C by the 
oxygen partial pressure of cover gas. 

3.5 PUBLICATIONS, REPORTS AND LECTURES 
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Interim Report on Fabrication, Characteri
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4.2 RADIOCHEMISTRY INVESTIGATIONS 
A. Bruggeman 

4.2.1 Fusion research - Electrolysis of 
tritiated 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
trolysis cell for highly tritiated water has 
been continued. Long-duration tests with the 
prototype cell are being performed successful
ly. Meanwhile, advanced designs of peripheral 
equipment have been developed and are being 
tested intensively at present. The experiments 
using tritiated »ater with the nominal specific 
activity are to be performed in collabor?tion 
with CEA laboratories at Val due (Francs). 
Negotiations are going on with the aim to 
define a memorandum of understanding with the 
technical, the financial and proprietary 
aspects as well as timing and financial 
considerations. 

4.2.1.1 Vertical mock-up cells 

The experimental characterization study of the 
capillary electrolysis cell has been started. 
Careful procedures have been defined with the 
aim to reduce the uncertainties on the results 
and to solve practical problems. As an example, 
short-circuit recycling paths for the sulphuric 
acid have been detected along the electrodes. 
These short-circuits lead to a bad repartition 
of the electrolyte between the plate and the 
feed container. Another consequence was that 
large quantities of sulphuric acid were lost 
during a given experiment. This problem cannot 
happen in the real cell since in this case, any 
liquid lost along the electrodes is forced back 
into the plate. The phenomenon has been over
come by the use of proper isolation at both 
sides of the mock-up cel l . 

The theoretical model developed in the past and 
describing the cell stability conditions is 
being verified experimentally M. Up to now, 
the agreement between theory and experimental 
results <i quite satisfactory. The estimation 
of the model parameters is based on the method 
of maximum likelihood, which allows a full 
statistical interpretation of the results. 

4.2.1.2 Prototype cell 

The prototype cell has accumulated about 3000 
hours of continuous operation. During this 
ongoing long-duration test, the gas separation 
as well as the dew-point of both gases have 
been regularly checked. Excellent results have 

been obtained up to now. A special reactor has 
oeen designed to eliminate the mist and the 
traces of acids from the gases. The mist elimi
nation is based on Brownian movement. A suit
able bed made of sodium hydroxide pellets 
properly mixed with beads is used to remove 
gaseous acids. Not only S03 but also H2S, S02 

and other potential acidic impurities will be 
removed by the system. Tne above-mentioned 
impurities (except S03) do not appear in the 
absence of tritium tut they are expected to be 
formed by radiolysis of sulphuric acid solu
tions. The hygroscopic properties of solid 
sodium hydroxide allow also to trap the water 
vapour from the gases. This however, could lead 
to excessive tr i t iated wastes and the presence 
of liquid in the reactor also induces an 
unacceptable pressure drop over the bed. For 
these reasons, a cold trap is being designed to 
reduce the dew-point of the gases down to 
-30 "C before entering the reactors. Since the 
cell works already at a low temperature, the 
quantity of water to be trapped and to be 
recycled remains very low (~ 3 ml/day). The 
design of the cold trap is in agreement with 
the general guidelines defined for the cell 
i tsel f , and includes a double wall structure 
with sulphuric acid compatibility, the use of 
thermo-electric heat pumps, etc. Further devel
opments will concern the differential pressure 
control and the water feed system. As an alter
native a device can also be developed to purge 
the feed channel i f excessive gas formation 
should occur as a consequence of radiolysis. 

4.2.1.3 Cooperation with CEA (Valduc) 

After overal contacts with the French repre
sentatives, a f i rst draft of the cooperation 
protocol has been written. According to this 
document, the active tests are scheduled 
between October 1989 and March 1990. During the 
preparation phase, a complete electrolysis 
system including the cell and i ts immediate 
peripheral devices has to be built and tested 
by SCK/CEN. This system is then supplied to CEA 
in 1989. Details concerning the safety features 
as well as some other technical and practical 
aspects have s t i l l to be further discussed in 
order to reach a final cooperation agreement. 

4.2.2 Fusion Research - Radiolysis 

A. Bruggeman 

ruture fusion reactors will have a lithium 
based breeding blanket for the production of 
tritium fuel by the fusion neutrons. An aqueous 
self-cooled blanket (ASCB) has been proposed 
for the Next European Tokamak (NET) 2 ) . 

MBLG. 597, p. 61 
In a first operational phase, the stainless 
steel structure surrounding the plasma chamber 
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would contain light water and it would only be 
used tor shielding. Afterwards 6LiOH (6LiN03, 
6LiN02,

 6Li2S0l4, ...) would be dissok-ed into 
the water which functions then as a tritium 
breeding driver blanket. Neutronic calcula
tions have shown that the ASCB concept, with 
e.g. a water thickness of less than 25 cm, a 
liquid inventory of less than 50 vol. % and a 
6Li molarity below 5, could fulfill the shield
ing and tritium breeding requirements for NET. 
The following problem areas requiring further 
study have been idfntified : tritium extrac
tion, radiolysis phenomena and corrosion 
effects. The corrosion aspects of an ASCB are 
being studied by the Katholieke Universiteit 
Leuven (KUL) whereas SCK/CEN started the study 
of the radidlysis phenomena within the frame
work of a NET contract. 

Radiolysis of the aqueous 6Li solution, i.e. 
destruction and chemical transformation of the 
water and of the dissolved products by the 
ionizing radiation, could eventually determine 
the applicability of this ASCB concept because 
of the formation of explosive mixtures and 
because of the induction of excessive corrosion 
effects and enhanced tritium extraction 
problems. As much as 50 , rcent of the fusion 
energy eventually produced by NET would be 
transferred to the ASCB solution by protons 
originating from the scattering of fast fusion 
neutrons aRd by tritons and alpha particles 
resulting from the 6Li(n, a) reaction. As these 
particles have a high linear energy transfer 
(LET) a correspondingly high yield of molecular 
products such as H 2 is expected. Although many 
aspects of the radiation chemistry of water and 
dilute aqueous solutions are now reasonably 
well understood, it is not possible to predict 
the radiochemical behaviour of concentrated 
aqueous solutions with the desired degree of 
confidence. Experimental work with the aim to 
quantify the radiolysis effects of various 
aqueous 6Li solutions under neutron irradiation 
is thus required and its preparation has been 
started. Meanwhile preliminary evaluations have 
shown that a H2 production exceeding 0.25 ir.3 

s"1 (STP) and an equivalent 0 2 production 
appear as a possibility for the provisional 
NET-ASCB conditions. An original process 
proposed by SCK/CEN could reduce this radio
lysis to more acceptable levels and at the same 
time provide an economical method for ths 
extraction of tritium from the aqueous self-
cooled blanket. 

OVI.F. Bogaerts, M.J. Embrechts, R. Wo-ben, 
"Application of the aqueous self-cooled 
blanket concept to a tritium producing 
shielding blanket for NET", Report to NET, 
January 1987. 

4.2.3 Fundamental Metrology of Radionuclides 

C. Bal Taux 

For the contract BCMN/ST/85-75, the ionization-
chamber measurements are now almost ent irely 
controlled by computer ; only a few refinements 
have s t i l l to be included. The air-capacitor 
has been ca'ibrated at the Physikalisch-Tech-
nische Bundesanstallt (PTB). Measurements of 
standard ampoules with 1.2, 3.6 and 5.0 ml 
solutions of 22Na, 57Co> 6oCOj 90Sr.f i09Cd) 
1 2 5 I , l 3 3Ba, l3*Cs and 137Cs were started in 
order to determine a preliminary efficiency 
curve and the effect of volume variat ions. Most 
of these standard solutions were distr ibuted 
for the "Ionization Workshop" held at the 
National Bureau of Standards (NBS), in November 
1986. In relat ion with these measurements and 
with the t r i a l intercomparison organized by the 
Bureau International des Poids et Mesures 
(BIPM) on ac t iv i ty measurements of 1 2 5 I , th is 
radionuclide has been standardized. From the 
measurements of the 226Ra reference sources, i t 
appears that the s tab i l i t y of the system is 
about 3.1 % over four months. 

A new contract was concluded with the Radio
ac t iv i ty Group of the NBS concerning the 
fo l low ing work programme to be performed 
between Apri l and June 1988 : BIPM internation
al comparison of ac t iv i ty measurements of 1 2 5 I , 
standardization of ^ C e and 58Co by anticoin
cidence counting with a pressurized proportion
al counter, di f ferent source preparations, 
direct 4 n l i qu id -sc in t i l l a t i on measurements 
and ionization-chamber measurements. Concerning 
the standardization of 1 2 5 I , a report has been 
sent to NBS, dealing with sum-peak coincidence 
counting and 4 n y integral counting using 
their Nal(Tl) detector with a small diameter 
well ; the results of preliminary measurements 
and -heoretical total eff ic iencies for a l l 
radiations emitted have (seen reported. 

At the 11th meeting of the International 
Committee on Radionuclide Metrology (ICRM), the 
NBS-SCK/CEN work concerning the standardization 
and decay data of i09Cd-109Pd was presented. 
Also proposals for "ICRM Guidelines for Inter
national Acceptance of Radioactivity Calibra
t ion Sources" were presented. This paper was 
compiled by the Group on Traceabilit.y, includ
ing contributions from experts at NBS, National 
Physical Laboratory (NPL), PTB and SCK/CEN. 

Formal procedures were in i t ia ted to coordinate 
the relations between SCK/CEN and the recently 
created Belgian Calibration Service in view of 
the recognition of the ab i l i t y of SCK/CEN to 
cal ibrate instruments on behalf of th i rd par
t ies using the nuclear and "classical" metrolo-
gical techniques available at the ins t i tu te . 
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4.2-4 Radiochemical Analyses and Services 

C. Ballaux, A. Bruggeman, 0. Huys 

An overview of the performed burn-up analyses 
is given in Table 4.2.4. 

Table 4.2.4 : Overview of burn-up analyses 

Client 

Westing-
house 

Exxon 

Belgonu-
cleaire 
B2000 

Belgonu-
cleaire 
GAP 

SCK/CEN 
Farfadet 

Realtor 
type 

thermal 

thermal 

thermal 

thermal 

fast 

Fuel 
characterist ics 

235U enriched 
3.5 % U02 

+ Gd203 

natural uranium 
U02 + Gd203 

natural uranium 
U02 + Gd203 

natural uranium 
U02 + Gd203 

mixed oxide 
Pu/U+Pu ~ 0.25 

Analyses 

2 burn-ups 

12 burn-ups 
and 

7 Gd 

2 burn-ups 

1 burn-up 
and 

1 Gd 

4 burn-ups 

The normal experimental procedure was slightly 
adapted for the Farfadet analyses. To limit the 
radiation exposure of laboratory personnel 
during the purification of the neodymium frac
tion, an initial chemical separation of the 
bulk of the ̂ C e activity was carried out 
within the shielded cell. 

In the frame of contract No. 628.022/608 with 
B-lgonucleaire, 162 2<4lAm analyses have been 
carried out for fuel fabrication control and 
specification. Similar analyses and Pu analyses 
were carried out for the Central Bureau of 
Nuclear Measurements and for the International 
Atomic Energy Agency. Numerous radiochemical 
analy?°s have also been performed on behalf of 
SCK/CE. programmes on the recovery of highly 
enriched uranium from irradiated targets, on 
the migration of radionuclides in Boom clay, on 
the separation of radium from aqueous efflu
ents, on the characterization of radioactive 
waste forms and for the primary circuit sur
veillance of Belgian nuclear power plants. 

4.2.5 Characterization and concentrations of 
radioactive corrosion products in Doel 
III 

P. De Regge, K. Dinov, K. De Ranter* 

Radioactivity and corrosion product concentra

tions were measured in series of samples taken 
from the primary coolant water of the 900 MWe 
PWR DOEL 3. The analyses primarily are focussed 
on the concentration variation and on the 
particle size of the radioactive corrosion 
products. The primary coolant water samples 
were taken starting several days before the 
scheduled shutdown and lasting until 36 hours 
after the power decrease. The distribution of 
radioactive isotopes, associated with particles 
of a size between 5 n, ] n, 0.45 ^ and 0.1 n, 
and in the filtered solution was measured. The 
total concentration of crud and of dissolved 
trace elements in the coolant was measured and 
the elemental composition of the filtered 
material was determined. 

In steady-state conditions, about 85 % of the 
radioactivity is associated with the particles 
larger than 0.1 ̂ . During the powe» decrease 
period, an important increase is observed for 
the total crud concentration, for the total 
radioactivity and for the radioactive particle 
concentrations but the rate and extent of their 
increase are distinctly different. The parti
cles are essentially released from th- core 
during the first hour after shutdown ard then 
remain at a constant or slowly decreasing 
level. The total as well as the soluble radio
activity however continues to increase over the 
r.ext few hours by a factor of more than 100, as 
particles dissolve as a result of the changes 
in pressure, temperature and boron concentra
tion. After about 15 hours those parameters are 
stabilized and the purification circuit slowly 
lowers the particle concentrations as well as 
the soluble radioactivity in the coolant. 

* EBES N.V., Doel, Belgium 

4.3 NUCLEAR CHEMICAL TECHNOLOGY STUDIES 
M. Kiein 

4.3.1 Conditioning of C e d i n g Waste 

J. Coursier, A. Daniels*, L. Geens, 
R. Harnie, J. Mari-. J. Vaesen, F. Ven 

This programme is carried t f ii the framework 
of a contract with the u ~ mission of the 
European Communities (No. rl • v' O019-B) and in 
cooperation with the Ken, orschungszentrum 
Kar'~,ruhe. The main aim of the present pro
gramme is t:.,_ active démonstration of the press 
'ompacllon aid encapsulation echnclogy with 
repres ntative radioactive hulls. is will be 
carrieo out in the mechanical eel 1) of the 
HERMES installation. For the perio reported, a 
major effort was devoted to the con' f'rt'on of 
the cell and its periphery. This fact is 

* Laboratories for High and Medium Raü-'oactivi-
ties (LHMA) 
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part of the HERMES programme and as such 
reported in section 4.3.2. The further develop
ment of the in-cell equipment, specific for the 
cladding waste programme is reported in this 
section 1 ) . 

The gamma scanning apparatus consists of three 
parts : an in-cell positioning device, a 
collimator to be mounted into the concrete 
shielding of the cell and a Ge(Li) gamma v » s -
-ring ciiiin. The construction of the mechanical 
positioning device in the workshop of the LHMA 
is almost finished. The electrical feed control 
modules for the stepping motors have been 
mounted and wired. An order for the construc
tion of the collimator has been placed outside 
SCK/CEN. The gamma measuring chain is already 
available. 

The semi-automatic TIG-welding unit has been 
delivered and the necessary reception tests 
have been carried out. A few minor adaptations 
were required to obtain a proper operation of 
the unit. Further small modifications are s t i l l 
required for hot cell operation of this unit. 
An experimental programme has been started to 
further optimize the welding parameters for the 
three containers on the basis of results 
obtained earlier 2 ) . 

For the transport of 100 kg of active hulls 
from the Wiederaufarbeltungs Anlage Karlsruhe 
to SCK/CEN, the use of 200 dm3 waste drums has 
been abandoned eventually, in view of reception 
of the active material under water at BR2. 

Hereby, the temporary storage of the cladding 
waste remains a possibility. In close collabo
ration with KfK and the transport company GNS-
Essen, special transport containers are being 
designed for this purpose. 
Additional compaction experiments with inactive 
zircaloy have been carried out. The results are 
summarized in Table 4 .3 .1 . with the use of the 
t in cans, no sign;ficant improvements of the 
compaction products were experienced by apply
ing step compaction, extension of post compac
tion time, nor addition of soft metal sheets. 
Preliminary compaction tests with the hulls 
stacked in a basket, showed promising results, 
so that these tests will be continued. 

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

J. Coursier, A. Daniels*, L. Geens, 
R. Harnie, J. Marien, J . Vaesen, 
J. Van der Auwera**, F. Ven 

In view of the active demonstration of the 
conditioning of cladding waste, most efforts 
were focused on the construction and the in
stallation of the mechanical cell CI. The two 
parts of the alpha box of CI were welded to
gether and the welds have been tested and 
approved. The stainless steel box was carefully 
positioned before the welding of connections 
with passages, ventilation ducts, doors, win
dows and other peripheral installations. All 
welds have been tested and approved. Supports 
for the in-cell equipment, like press and weld
ing apparatus, have been installed. Further, 

MConditioning of Cladding Waste, BLG 597, pp. 
65-66, March 1987. 

2)EUR-10824 Report. 

* Laboratories for High and Medium Radioactivi
ties 

••Technical Service Division 

Table 4.3.1 : Compaction tests with zircaloy 

Changes with respect 
to reference process 

none 

1 mm Pb 

1 mm Al 

step compaction 

200 s post compaction 

Chops* 

Weight 

9 

605 

601 

608 

568 

540 

Vol ume 

cm3 

750 

750 

750 

704 

670 

Weight 

9 

735 

835 

764 

698 

670 

Compaction Product 

Volume 

cm3 

141 

150 

150 

136 

128 

Density 

% T.D. 

79.8 

-

-

•"8.5 

80.0 

Volume 
reduction 

5.32 

5.00 

5.00 

5.20 

5.25 

Cladding 
material 
content 
kg-dm-3 

4.29 

4.01 

4.05 

4.19 

4.23 

Chops ; zircaloy, 50 mm length, 10.5 mm diameter, 0.75 mm wall thickness, 
stacking density = 0.81 kg«dm"3 in 750 cm3 tlii cans. 
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new equipment was constructed such as small 
in-cell filter cases and peripheral installa
tions like ventilation ducts. 

The jib-arm, deïigned for the handling of heavy 
objects in the cell, was slightly modified with 
respect to its earlier design. The mechanical 
mounting has been completed. The control of 
this apparatus will be executed by means of a 
personal computer. The existing software has to 
*ie adapted for tha sper<*ic operation in cell 
CI. 

The calibration of the slab vessels was contin
ued. Figure 4.3.2 shows typical calibration 
curves for a trapezoidal slab, obtained with 
the two level measurement systems : the sonic 
or acoustic method and dip tubes. The calibra
tions were carried out with demineralized water 
at a constant temperature, by weighing of the 
increments of liquid added. The different 
shape of the curves is due to the fact that 
with the dip tubes the liquid heigth in the 
measuring tube is measured ; with the acoustic 
method the length of the immersed part of the 
measuring tube is determined. 

4.3.3 Recovery of Highly Enriched Uranium from 
Irradiated Targets 

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

The contract work for IRE -oncerning the recov
ery of highly enriched uranium targets has been 
terminated mid 87. The tvr last campaigns UT7 
and UT8 are completed, the recovery factor for 
these campaigns amounted to 95.9 and 99.9 
respectively. An overview of the quantities 

CALIBRATION CHART 

treated from the beginning of the contract work 
is reported in Fig. 4.3.3. One fraction (153 g) 
recovered in the UT7 campaign contained a Pu 
concentration of 10 ppm, exceeding the product 
specification, and had to be repurified. This 
second TTA purification step, however, did not 
yield in a sufficient Pu decontamination. 

Reprocessing in the SPC cell had to be stopped 
because of the need to replace a plexiglas 
window. Therefore the internal cell equipment 
has been dismantled and the waste materials 
removed. 

From the total quantity of 5030 g quoted by 
IRE, 4639 g have been processed of which 4075 g 
have been recovered. This corresponds to an 
overall recovery factor of 88 % versus the IRE 
quoted values and of 94 % versus the measured 
values obtained after dissolution of the mate
rial. Generally, a recovery factor of 95 % can 
be achieved when the number of samplings is 
limited. From the remaining 391 g, 249 g are 
dispersed in 11 containers and are not economi
cally recoverable ; the IRE 83/11 container 
with 142 g could be recovered in the future 
together with new deliveries. 

4..\4 Purification and Recovery of Plutonium 
from aged Plutonium Oxide 

M.Y. Wei, D. Huys, R. Harnie, M. Klein 

In the framework of the separation of Am from 
Pu, a special precipitator had been designed 
for the recovery of Pu in the aqueous phase by 
direct precipitation of Pu oxalate from the 
organic phase followed by filtration of the 

SLA8 TANK 2 5.1 
ft) (R\ 

10 20 
VCLUME { I ) 

OP HEIGTH SONIC : LENGTH 
P7,P15,P16 P9 

Fig. 4.3.2 Schematic view of a slab tank and its calibration chart 
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RECOVERED AFTER PURIFICATION 

MEASURED AFTER DISSOLUTION 

QUOTED BY IRE 

T 1 r 
UTl UT2 UT3 UT4 UT5 UTfa 

PRODUCTION CYCU 

r 
UT7 

UT8 

Fig. 4.3.3. Recovery of enriched uranium from IRE 
Overview of the production cycli. 

oxalate precipitate. This three phase con-
tactor-precipitator shown in Fig. 4.3.4 has 
been tested with tracer Ce as plutonium simu
lant. 

The Ce3+(0.05 M) - TBP (15 %) solution was 
prepared by extraction of Ce 3 + from a 6 M NaN03 

aqueous solution with TBP 100 %. The extraction 
efficiency obtained was 73 %. The organic phase 
(Ce 0.05 M in TBP 15 %) and the aqueous phase 
(1 M HNOj, 0.5 M H 2C 20J were then contacted in 
the precipitator at a feed flow rate of 20 1/h. 
The precipitator worked satisfactorily from the 
point of view of phase mixing, precipitation, 
phase settling and precipitate withdrawal. Due 
to the low activity level used, it can only be 
stated that a removal efficiency greater than 
99 % is already achieved in the first precipi
tation stage. 

4.3.5 Recovery of Plutonium from Nitric Acid 
Solutions 

n. Huys, M. Klein 

A contract has been established between SCK/CEN 
and BN for the recovery or plutonium from 
solutions produced in the BN analytical labora

tory and resulting from the characterization of 
mixed oxide fuels. 

In order to optimize the treatment process and 
to minimize the cost of secondary effluent 
treatment, a restricted parametric study has 
been set up. It comprises : 
- an evaluation of the ammonia precipitation 

process used until now, from the point of 
view of efficiency, volume and composition of 
secondary wastes. The analysis of secondary 
liquid wastes formerly obtained shows a 
strong variation of the Pu content ranging 
from 15 to 3000 ng Pu/1 ; 

- the upscaling of the ammonia precipitation 
method from 3 to 12 1 per batch. Therefore, 
an installation in industrial glass is being 
constructed. Tests with depleted uranium will 
be carried out in a first phase ; 

- the denitration of the solution by ethanol. 
Deriitration of 6 M nitric acid down to 1.5 M 
has been performed by continuous addition of 
ethanol in the boiling solution. The opera
tion lasted 2 hours. 

Some study will also be carried out on the 
development of an alternative method with 
separation of Pu from U, incorporating a 
separation by anion-exchange resins. 
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Fig. 4.3.4. Three phase contactor-precipitator 

4.3.6 Gamma Transmission Measurements on a 
Vacuum Pipesti11 

F. Ven, P. Qo Regge 

On behalf of a petrochemical company the quan
t i t y of cokes possibly present in the internal 
structures of a vacuum p ipes t i l l of large 
dimensions (10 m 4, 40 m height) was evaluated 
using a gamma ray transmission technique. 

The 60Co source and Nal(Tl) detector configura
t ion was optimized to allow detection of a coke 
plug or pollution occupying 10 % of the free 
volume in a suspected grid-bed. To obtain a 
reference value for the gamma ray transmission 
in this kind of structures, measurements were 
also carried out on a "clean" grid-bed in the 
same vacuum s t i l l and the transmission of gamma 
rays through representative quantities of coke 
has been determined. 

A systematic scanning of the grid-bed was 
carried out and the stat is t ica l uncertainty on 
the measurements was estimated from replicate 
measurements at the same location but with 
small re lat ive movements of soLrce and detec
tor. 

From the results an upper l im i t for the quanti
t ies of coke over a horizontal cross- section 
of the grid could be given. I t was concluded 
that 50 % of the cross-sectional area of the 
g r id had a coke p o l l u t i o n of less than 
50 kg m2 ; 47 % of the area showed a small 
pol lut ion of 50 to 80 kg i t r2 , corresponding to 
a free volume reduction from the normal 97 % to 
94 % and a small area not exceeding 5 4 of the 
cross- section of the grid-bed could contain 
10 % of coke pol lut ion on a volume basis. Those 
conclusions permitted the company to correlate 
the coke pol lut ion with other process para
meters in order to achieve a more re l iable 
operation of the s t i l l in the future and to 
optimize the maintenance shut-down schedule for 
the plant. 

4.3.7 Supporting Services for Instrumentation 

F. Ven 

On request of an industrial partner, a Data 
Acquisition System has been installed for the 
control of the immission levels in the vicinity 
of their factory. 

The DAS collects data from gas monitors, from a 
meteorological station and from a second meas
urement station located 1 km away. The system 
actuates periodically the calibration of the 
gas monitors. It also comprises a display unit, 
a printer and a data storage system. The data 
collected are transmitted to the Regional 
Authorities granting the exploitation license. 
The system generates alarms which are trans
mitted to the factory, when threshold concen
trations are exceeded or when malfunctioning of 
the measurement system or in the data logging 
system is detected. 

4.4 GEOTECHNOL0GY INVESTIGATIONS 
A. Bonne 

The research and development items in the area 
of radwaste disposal, which are the main acti
vities of the Geotechnology Section, are 
reported hereafter. These investigations are 
sponsored by various contracts granted to SCK/ 
CEN by NIRAS/0NDRAF (contracts CCH0-84-14/b) 
and by the Commission of the European Communi
ties (FIlW-004-B(B), FUW-0046-B(B), FI1*-UU55-
B(B) and WASB-428-84-9-B(RS). 

4.4.1 Operation and Exploitation of the Under
ground Facilities 

M. Buyens, B. Neerdael, M. Voet 

The legal inspections and technical controls of 
the infrastructure and technical equipment made 
in this semester did not lead to any special 
comment except that a new hoist cable had to be 
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placed on the winding-gear of the hoist system 
and some corrections had to be performed on the 
guidance of the cage in the shaft. Also some 
minor modifications were required on the hoist 
system in connection with the massive removal 
of clay extraction during the excavation of the 
test drift which started end of March. Special 
tasks to be carrieo out for research experi
ments in the present underground laboratory 
were limited due to the construction of the 
test drift. 

Further experimental set-ups for corrosion 
tests were completed. Much time was devoted to 
the connections of the vertical corrosion tubes 
(with a carrier gas) and their corresponding 
thermocouples. In February the introduction of 
the samples (waste forms, structural materials) 
and heating elements in the vertical corrosion 
tubes was completed and at the end of April the 
2 tubes operated at their scheduled temperature 
of 90 "C, using respectively helium (ring 5) 
and air (ring 7) as a carrier gas. 

The HADES Data Collection System is now fully 
operational. All signals from the underground 
sensors are collected by the different PC's and 
are transferred through the local area network 
to the surface. Every hour the data are trans
ferred and updated in the HADES-databank. 

Fig. 4.4.1 shows the configuration of the HADES 
network being used for interconnecting a cen-

Fiy. 4.4.1. Configuration of the HADES Data 
Col lection Network 

tral PC XT as a data collector at the surface, 
its peripheral PC XT's, as satellites in the 
underground laboratory, and a PC AT as satel
lite on the surface. The PC AT, which also 
performs a second task as a controller of the 
alarm status and for data visualization, trans
fers all data from the data col lectors'sub
directories to the HOST mainframe computer. 

As already mentioned in previous reports, 
special software has been installed on the 
network to support the physical fibre carrier 
of the OSI (Open System Interconnections) 
model. This has been a very important tool for 
developing and exploring the PC intelligence 
and expanding the optical fibre interconnec
tions. 

4.4.2 Geomechanical Behaviour of Boom Clay 

0. De Bruyn, B. Neerdael 

4.4.2.1 Field Measurements 

The geomechanical measurements performed in the 
vicinity of the Underground Research Laboratory 
(URL), show rather small variations in the clay 
surrounding the horizontal corrosion tubes 
(temperature, pore water pressure) and with 
respect to the stress field determination as 
previously detailed l ) . With much greater 
sensitivity variations have been recorded by 
the last emplaced piezometers, illustrating the 
effect of pore water pressure dissipation 
during the digging of a gallery in clay (see 
section 4.4.6). 

The clay behaviour is further studied in 
cooperation with the "Agence Nationale pour la 
gestion des Déchets Radioactifs (ANDRA Paris)" 
by long-term dilatometer tests and large scale 
laboratory creep tests on thick cylindrical 
samples. 

One of the 3 dilatometer tests planned was 
started in January 1987 by emplacing a dilato
meter in a 18 m long horizontal bore ho'e, 
drilled from the end of the URL (ring 25). In 
agreement with the convergence/confinement 
theory, this application from the "retracting" 
type consists of recording as a function of 
time and for decreasing pressure levels (from 
3.5 MPa) the deformation of the measuring gauge 
under constant internal pressure. 

In the frame of a CEC contract, several 
methods, systems and devices for the observa
tion and detection of fractures are being 
examined Investigations will be developed not 
only at normal temperature but also thermo-
induced micro-fracturing will be considered. 

MRef. BLG 597 
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4.4.2.2 Mathematical modelling 

Investigations were made for the assessment of 
the disturbances introduced by the emplacement 
of pressure and load cells by a finite element 
programme, called EFIMIS and installed on the 
SCK/CEN main frame computer. It works in 2 
dimensions, using materials considered as 
linear isotropic elastic media. As well plane 
strain as plane stress and asymmetrical 
problems can be solved. 

The results of the modelling performed by the 
"Ecole Centrale" of Paris were received this 
semester as expected. The study performed is a 
2 D plane strain simulation of a gallery cross-
section and it assumes that the clay body is at 
the equilibrium before excavation. 
The parameters for the numerical simulations 
were deduced from laboratory experiments and 
fitted to give good agreement between the 
numerical simulation of a 1.4 m inner diameter 
gallery and the measured values of pressure and 
deformation ("Distofor" device) in the sur
rounding clay body. 
On the basis of several assumptions (e.g. 
excavation and lining progress, clay permeabi
lity, coefficient of earth pressure at rest, 
stiffness of the lining), the simulation shows 
a rather good correlation between experimental 
and numerical values of pressure and deforma
tion. 
When applied to the construction of the test 
drift, the prediction of the clay behaviour 
leads to an underestimation of pore water 
pressure dissipation. 

1.4.3 Hydrogeological Research 

J. Patyn, P. Hen Hon, M. Monsecour, 
M. Put 

4.4.3.1 In situ determination of clay permeabi
lity 

Piezometers consisting of fritted stainless 
steel screen of different size have been 
installed at various distances around the 
underground facility. Flow rates measured in 
these piezometers allowed to estimate experi
mentally the hydraulic conductivity of the 
clay, yielding an average value of about 
10"12 m/s, which is one to two orders of magni
tude lower than the hydraulic conductivity 
emerging from the regional hydrodynamic model. 

The hydraulic conductivity of Boom Clay under 
the nearest to in situ conditions has been 
measured by 3 independent methods : 

(2) by groundwater percolation through clay 
reconsolidated at 4b MPa and 

(3) by means of piezometric measurements from 
the gallery as shown on Fig. 4.4.3.1.a. 

-o U 

180 190 200 210 220 ?i0 240 210 260 220 283 

Depth in meter. 

Fig. 4.4.3.1.a. Hydraulic conductivity of the 
Boom Clay 

Excellent agreement has been obtained yielding 
values between 0.8 and 3.6 10"12 m/s ; this 
value for the in situ conditions is about 20 
times smaller than values previously reported 
in the literature about Boom clay. With the 
measured hydraulic gradient accross the forma
tion the resulting water flow can be estimated 
at 2 ml (m2.y)-i. 

A simple mathematical model has provided a 
remarkable interpretation of the piezometric 
measurements. The relationship between the 
hydraulic pressure distribution around the 
gallery and the presence of the small shaft 
acting as a water drain in the formation is 
illustrated in Fig. 4.4.3,l.b. 
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(1) by monitoring the squeezing of clay plugs 
during reconsolidation, 

Fig. 4.4.3.l.b. Pressure profile in piezonest 
CP1 
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4.4.3.2 Characterization cf the geochemical 
system 

As far as the regional hydrogeological research 
is concerned, the major effort has been spent 
on t;-° chemical characterization of the aqui-
undertying the hydrodynamical modelling. 
Hydrochemical data collected during several 
years have been analysed for possible inter
relations ; these relations might provide 
indications on the processes determining the 
chemical behaviour of the s; .tern. 

From Fig. 4.4.3.2 it can be deduced that meas
urements of the partial C0 2 pressure in the 
confined aquifers are clustered around pC02 = 
10"2 which represents a much higher value than 
the atmospheric one. As the pH in the ground
water is rrn^'ng between 6.5 and 8.5, it is 
belitved that th.' geochemistry is controlled by 
the CaCC;-C02 system, and that the higher pC02 

pressures are due to the dissolution of CaC03. 
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Fig. 4.4.3.2. Chemical composition of ground
water 

According to the equilibrium calculations, 
carbonate minerals (sioerite, strontlanite) are 
protaoly important .-«condary minerals. However, 
tno observed Ca++' concentrations tend to be 
-n.l 1er than jxpected from those calculations. 
,;•;$ phenomenon is very probably due to the 
• '.hange o'. Caf+ for Na+ by the clay mineral in 
tne water-bearing formations. 

4.4.3.3 The thermal impact of a HLW-d1sposal on 
a multilayered aquifer system 

To assess the modifications due to the thermal 
loading created by a radwaste repository, on 

the flow pattern inside the clay formation and 
in the adjacent aquifers and to assess the 
impact of the groundwater flow on the tempera
ture distribution inside the clay, a numerical 
analysis of the coupled heat and flow movement 
around a repository has been performed in 
fers, in order to confirm the assumptions 
cooperation with the Centre d'Informatique 
Géologique (School of Mines, Paris) 1 ) . 

Previous calculations on the heat transfer in 
Boom clay, pointing out that heat conduction is 
the dominant transfer process, have be:n 
confirmed. Heat transfer by thermoconvection is 
to be neglected. 

I t was also found th?t, irrespective of the 
thermal density in the repository thermoconvec-
tive circulations will be induced in the neo-
gene sands. However, taking also into account 
the regional groundwater-flow, or the varying 
lithostratigraphy of the neogene formations, 
the simulations show that thermoconvective 
cells will not be developped. 

ME. Cordier, P. Goblet, " Effet thermique et 
hydraulique d'un stockage de déchets radio
acti fs dans l ' a r g i l e de Boom'', ENSMP, 
LHM/RO/87/58. 

4.4.4 Migration of Radionuclides in Boom Clay 

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

During the process of radionuclide dispersion 
taking place after the containment by the 
engineered-barrier has elapsed, potentially 
high irradiation doses (108 Gy) due to a and p 
particles, can be imposed on the surrounding 
clay. A f i rs t two-year campaign of a-irradi-
ation of Boom clay has been completed. 

From the data obtained and as a preliminary 
conclusion, the amount of hydrogen released 
appears to depend strongly on the dose rate 
(determined by the 21,1Am concentration). If 
this conclusion remains valid for s t i l l smaller 
dose rates, a very low rate of radiolysis of 
the Boom Clay could be predicted when the 
engineered-barrier efficiently f u l f i l l s its 
rôle of controlling the leakage of o-emitters 
from the source. The importance of this con
clusion requires the study to be continued ; to 
carry out the experimental work under favour
able and representative conditions, the equip
ment of two alpha glove-boxes and the purchase 
of 2','*Cm are required. 

The efficiency of radionuclide diffusion tests 
in Boom clay has been greatly improved with 
respect to accuracy and to required time. 
Indeed the development of a curve-fitting 
method, which allows to obtain information from 
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the transient part of the diffusion process 
before steady state conditions are reached, 
reduced the duration of the experiments. The 
method has been successfully applied to dif
fusion tests carried out on non-sorbed migrat
ing species such as 1 3 1 I , HTO or 1'»C-1 abel led 
sucrose in plugs prepared from Boom clay. Both 
the diffusion coefficient D and the effective 
pore volume (TI) decrease with the consolidation 
pressure, typical values for iodine are 
2 10"6 cm2/s at a pore volume fraction of 0.1 
and respectively 10"6 and about 0.05 for 
sucrose. The pore volume effectively available 
to diffusion is thus much smaller than the 
conservative value n = 0.4 being used in the 
MICOF calculations. Structural changes in the 
clay, resulting from sampling and handling, 
have long been suspected to influence in an 
important way the migration parameters but the 
first results do not confirm this view. D and TI 
seem primarily to depend on the reconsolidation 
pressure or on the final water content of a 
plug and not on the method of preparation of 
the clay plugs. Diffusion tests with Tc are 
presently running. 

4.4.5 Performance and safety ssessments of 
geological disposal 

A. Bonne, J. Marivoet, G. Volckaert 

In the performance asses.ment studies presented 
in the previous reports, annual doses to a 
member of a critical group have been ;alculated 
by assuming that a water well is sun' in tie 
aquifer overlying the clay layer and that it is 
located near to the repository area. The radio
logical consequences in the case of a strict 
normal evolution scenario, which considers orly 
natural pathways to man, are estimated with the 
BIOS code ?) which has been developed by the 
ational Radiological Protection Board (NRPB), 
U.K. This code calculates as well individual 
annual doses as collective doses. The BIOS code 
considers many compartments such as r.vers 
(Nete, Rupel, Scheldt), an estuary (Scheldt), 

local sea (southern part of the North Sea), 
oceans, sediments, soils, local and regional 
atmosphere. Among the natural pathways consid
ered, the freshwater compartment of the rijer 
Nete yields the highest individual annual 
doses. These doses are compared with the doses 
obtained in the case of a well scenario in 
Table 4.4.5.1. The estimated doses for the 
other compartments are some orders of magnitude 
lower than the freshwater doses. The results 
obtained illustrate the strong conservatism 
introduced in the calculations by considering a 
well scenario within the normal evolution 
scenario. 

The total collective dose representing the 
total dose accumulated by all exposed individu
als over 107 years after disposal, is estimated 
to be about 90 man.Sv. For the considered High 
Level Waste (HLW) repository this dose ocrurs 
in the fresh water compartments and it is main
ly due to 229Th and to 237Np. 

Since the second phase of PAGIS (Performance 
Assessment of Geological Isolation Systems) is 
terminated, an overview of the most important 
results can now be given. At the same occasion 
the results reported previously are adapted to 
the recommendations of the International 
Commission on Radiological Protection (ICRP), 
formulated in ICRP Publication 48, which de
crease the dose factor for 237Np with a factor 
10. The doses estimated for the different 
scenarios considered are shown in Fig. 4.4.5.1 
together with the dose due to natural back
ground radiations, which is about 1 mSv/y for 
northern Belgium. The doses estimated with 
deterministic best estimate calculations are at 
leas" four orders of magnitude lower than the 
d e e due to natural background radiations. 

2*G. Lawson, G.M. Smith, 
BIOS : A model to predict radionuclide trans
fer and doses to man following releases from 
geological repositories for radioactive 
wastes, NRPB-R169 (1985) 

Table 4.4.5.1 : Calculated individual annual doses for natural pathways and for a water well in 
the case of a normal evolution scenario 

Radionuclide 

9 9 T c 

I 3 b r ^ 

2 37 N p 

233u 

2 2 9 T n 

natural pathways 

time of occurrence 
(y) 

1.15 106 
13.5 106 

11 10-
11 
11 106 

maximum dose 
(Sv/y) 

1.1 10-n 
1.5 10-12 
5.8 10-13 
4.1 10-13 
2.8 10-12 

waterwel 

time of occurrence 
(y) 

1.0 106 

6.6 106 

10 l u 6 

10 106 

10 106 

maximum dose 
(Sv/y) 

3.1 10"8 

8.5 lO-8 

9.6 10*8 
2.6 10"9 

1.9 10-1° 
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Fig. 4 .4 .5 .1 . Individual annual doses calculat
ed for the considered scenarios 
(best estimate calculations 

The estimated r isks are shown in Fig. 4.4.5.2 
and they can be compared with the total risk 
l imits of 10"5 per year recommended by the ICRP 
in i t s Publication 46 for application in the 
case of waste disposal. The ICRP recommends 
that the risk due to one repository should be 
lower than a fract ion of the total r isk l i m i t 
to ensure that the individual risks w i l l always 
remain below th is l im i t and thereby provide a 
margin for future nuclear ac t i v i t ies . Therefore 
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Fig. 4.4.5.2. Individual risks calculated for 
the considered scenarios (proba-
1 is t ic calculations) 

the risk l im i t for one repository is very often 
set at 1CT6 per year. Fig. 4.4.5.2 shows that 
the r isks estimated with probabi l is t ic calcula
t ions, which take into account the considerable 
uncertainties on the model parameters, are 
always more than one order of magnitude below 
the r isk l i m i t . 

4.4.6 Demonstration and Pi lot Fac i l i t y 

A. Bonne, M. Buyens, 0. De Bruyn, 
P. Meynendonckx, L. Noynaert, M. Voet, 
G. Vcickaert 

The support for the project is granted under 
contract No. FI1W-Û04-B by the Commission of 

The European Communities. The construction 
phase of t.-.e test drift to be built in phase 1 
of the Hades demonstration and pilot programme 
has started end March. At the end of this 
semester, 12 m of gallery lined with stiff 
concrete liners have been constructed, the 
excavation with a diameter of 5 m being per
formed without major difficulties. 
The length of the transition zone with 2.64 m 
inner diameter has been increased to 4.67 m in 
order to reach a zone, less disturbed by the 
sealed freezing pipes dug in the vicinity of 
the shaft. This was assumed to provide greater 
safety at the location where poured concrete 
forms a conical transition between the two 
gallery parts with different diameters. 
The decision w s taken to lengthen the main 
gallery of 3.5d m inner diameter to 4ü m 
instead of the previously intended 20 m length. 
This lengthening will be cofinanced by the CEC 
and NIRAS/0NDRAF, and will allow to perform 
simultaneously several in. ?pendent tests. Fig. 
4.4.6.1 presents a view inside the gallery. 

Displacements inside the clay reach 45 mm at a 
distance of 4.4 m outside the excavated volume 

Fig. 4.4.6.1. View of HADES Pilot and üemonstration uallery during construction 
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and are in the range of the expected deforma
tions calculated with the EPLAST code. 

The excavation greatly influences the pore 
water pressure in its vicinity. The hydraulic 
equilibrium pressure measured by the sensors, 
starts to decrease when the excavation front 
reaches a distance of 1.5 times the front dia
meter ( 5 m ) . When the lining is placed and the 
front proceeds further beyond a length equal to 
its diameter from the senso;, water pressure 
begins to increase again and reaches slowly an 
equilibrium value. 

The total pressure acting on the lining, meas
ured as well by pressure cells embedded in 
liners as by load cells between the liners, 
reaches values up to 18 bars, which is in good 
agreement with the displacements measured in 
the clay. 

Deformations of the lining are already recorded 
on two sections, showing different ovalization 
processes depending on the distance to the 
shaft. This phenomenon is to be confirmed by 
the measurements on the sections still to be 
installed. 

The design of the Cerberus (Control experiment 
with Radiation for the BElgian Repository for 
underground ^torage) test has been further 
developed. Its aim is to allow in situ observa
tion of the near field effects around a simu
lated HLW canister. 

Fig. 4.4.6.2 presents the actual design. With 
respect to previous designs, the generated 
temperature field will be more homogeneous, 
particularly in the backfill zone. The instal
lation of the 60Co sources is conducted in a 
safer way and the emplacement of measuring 
devices for clay auscultation is taken into 
account. 

A safety report has been written to obtain the 
authorization for the installation of a 0.55 
PBq 60Co source. The dose rate computer code 
has therefore been adapted in order to calcu
late the shielding necessary to remain within 
the allowed occupational dose limits. 

A special container was designed, complying 
with the safety requirements during transporta
tion of 60Co sources and taking into accomt 
the actual load restrictions of the elevator, 
presently set at 850 kg. 

An electromagnetic manipulation system to be 
combined with this container is being designed. 

An increase of the elevator capacity is consid
ered as an option for the near future and an 
adapted transport container has therefore been 

designed all 60Co sources would then be 
transferred simultaneously reducing consider
ably the risk associated with the installation 
of the radioactive source. 

Fig. 4.4.5.2. Design of the combined Heat and 
Radiation Experiment CERBERUS 
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4.4.7 Disposal of Low Level Waste on Land 

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

The methodology for the performance and safety 
analysis of shallow land burial was inversed in 
order to determine the maximum permissible 
concentrations and quantifies of the most 
important nuclides that might be disposed off 
at a national site without exceeding a certain 
risk level for a critical individual. For the 
calculations a maximum n'SK of 10"6 y - 1 was 
assumed. To be able to calculate these maxima 
more precisely i t was necessary to adapt the 
methodology so that radioactive decay chains 
could be taken into account. Therefore also the 
code describing the behaviour of che burial 
installation had to be modified and the aquifer 
model was replaced by the one-dixensional 
f in i te difference code NUCDiS. For intrusion 
scenarios a control period of 300 years was 
assumed. The risk due to the daughter isotopes 
generated during the period between disposal 
and exposure of man, was added to the risk 
caused by the considered mother isotope. 

The calculations for the concentration limiting 
scenarios show that the radionuclides with the 
lowest concentration limit are the following : 

Isotope Maximum concentration 

23-U 

2i5y 

238u 

" 7 N P 

I29J 

l-C 
9l»Nb 

9.6 E 04 Bq m' 
1.9 E 05 
5.2 E 05 
5.3 E 05 
5.6 E 05 
1.6 E 06 
2.3 E 06 

For some isotopes the earlier assumed concen
tration in the waste constitutes more than 10 % 
of the actually calculated maximum concentra
tion ; they are given below : 

Isotope Percent of calculated 
maximum value 

are used while in the latest ICRP recommenda
tions the ingestion dose factor was reduced 
with a factor 10. This would mean that the 
maximum quantity calculated for 237Np can be 
significantly increased. 

In the franework of a contract with NIRAS, a 
methodology is being developed to calculate "de 
minimis" levels for low-level radioactive 
waste, which is to be disposed off on land, 
free of any regulatory control. ^t< calcula
tions are based on a repository type for indus
tr ial waste. 

For the determination of the exemption levels, 
the exposure of man during the operational 
phase as well as in the post-operational phase 
has to be taken into account. During the opera
tional phase, the workers and the population in 
the environment may be exposed, due to the 
normal exploitation of the dump and to possible 
accidental situations (e.g. f i r e ) . 

In the post-operational phase only the popula
tion in the environment has to be considered. 
The normal evolution scenario and the selected 
disruptive and intrusion scenarios in that 
phase are analogous to the corresponding sce
narios for a shallow land burial site. The 
characteristics of the scenarios are slightly 
different as, contrary to the performance and 
safety analysis of shallow land burial, also 
short-lived radioisotopes are to be included 
here. Results are not yet available. 
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5.2 APPLIED PHYSICO-CHEMISTRY AND MEMBRANE 
TECHNOLOGY 

5.2.1 Transport phenomena in porous structures 

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

Characterization work on commercially avail
able Ami con CH2PR hollow fibre modules was 
started during the previous reporting period 
(1) and has Leen continued throughout this 
period. Different membrane types were exam
ined with cut-off values of respectively 
3,000; 10,000; 30,000 and 100,0C0 Dalton. An 
Amicon CH2PR hollow fibre concentrator (labo
ratory cell) was used to study the fir:, and 
retention characteristics. 

At first, the pure water fluxes have been 
measured for all four modules as a function of 
pressure and temperature. The results are 
shown in Table 5.2.1.a and compared with the 
supplier data for the same modules. 

where J represents the flux, T is t*ie tempera
ture, R is the gas constant and At0 is the 
activation energy of the viscosity-temperature 
relation. 

Integration of equation (1) between Tj and T^ 
gives 

In — = 0,66 . ln-
Jl T 

AE° 

0,66 — 
1 1 

T 2 Tl 

(2) 

Theoretical values obtained using equation (2) 
have been compared with experimental data. 
Flux measurements, as a function of tempera
ture were carried out using the hollow fibre 
module, type H1P100-43 at a transmembrane 
pressure of 1.05 bar. Table 5.2.l.b gives the 
calculated and measured values of the logar
ithm of the ratio of fluxes J5 and J The 
calculated values have been computed using for 
AE°= 1.57.104 J.mol"1 and R= 8.314 J.rnoHlC1 . 

Table 5.2.1.a : Pure watc • fluxes fo r d i f ferent hollow f ib re modules 

Type of module 

H1P3-20 
H1P10-O 
M1P30-43 
H1P100-43 

cut-off value 
(Dalton) 

3,000 
10,000 
30,000 

100,000 

Pure water fluxes 
(rm3 

supplier data 

0.036-0.071 
0.143-C.333 
0.595-0.833 
1.429-2.858 

.min. - 1 .bar ^.cm2) 

our measurei 

0.025 
0.125 
0.456 
1.000 

(*) at 35°C 

It can be seen from Table 5.2.1.a that our own 
measurements indicate a somewhat lower water 
flux than the values given by the supplier. A 
possible reason for this discrepancy might be 
found in the operating temperature. An 
increase in temperature of 5 degrees, increas
es the water flux with about 10 %. The 
influence of the temperature on the flux is 
given by the following equation : 

— = 0,66 . J 
dT T RT* 

(1) 

Table 5.2. l .b indicates that for the temper
ature effect the calculated values are in good 
agreement with the experimentally determined 
ones. 

Process f lux- and retention measurements have 
been performed using di f férent solute mol
ecules. In these experiments, Dextran and 
polyethylene glycol molecules with a molecular 
weight in the range of 600 to 500,000 Dalton 
hav3 been used. Fig. 5.2.1.a shows the flux 
of the perf late for d i f ferent solutions as a 

Table 5.2. l .b : Influence of temperature on the f lux 

Temperature 
(°C) 

measured f lux 
cm3.min."1.cm" measured 

In J2/J1 
calculated 

eq (2) 

35 

40 

45 

129.5 

140 

151 

0.0799 

0.0756 

O.0753 

0.0731 
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tration polarization layf at the membrane 
surface and is well described in literature 2) 
and 3). 

In order to obtain the separation character
istics of a membrane, retention measurements 
which determine the "cut-off" value are 
performed. This kind of measurement and the 
presentation of the so-called retention curves 
is fully explained in the previous reports 1) 
and 4). Retention curves for the different 
hollow fibre modules have been determined as a 
function of transmembrane pressure and solute 
concentration. All these retention curves 
show the classical S-shape (see Fig. 5.2.2.a 
of report BLG 597). The cut-off value appears 
to differ of course for the different modules. 
But, what is seldom stated by the manufac
turer, is the importance of specific operating 
conditions such as pressure, solute concen
tration and kind of solute (linear or globular 
molecules). To illustrate this importance, 
the effect of the transmembrane pressure on 
the retention is shown in Fig. 5.2.1.b for the 
hollow fibre module, type H1P30-43. Solute 
concentrations of 1,000 ppm were used for 
Dextran molecules with different molecular 
weights. It appears clearly that the higher 
the pressure, the lower the retention, except 
for the largest molecule (D 531,000 Dalton) 
that does not pass at all within the pressure 
range of the measurements. 

Fig. 5.2.1.a : Permeate flux as a functiin of 
transmembrane pressure 

function of the transmembrane pressure. The 
concentration of the solutes always equals 
1 000 ppm. Also indicated in Fig. 5.2,1.a is 
the pure water flux. It can be seen from this 
figure that the permeate flux is decreasing 
with increasing molecular weight of the 
solute. If the osmotic pressure of the 
solution is being neglected, the permeate flux 
can be written as follows : 

AP 
J - (3) 

Rm + Rp 

where Rm and Rp are the flow resistances 
respectively of the membrane and of the 
concentration polarization layer. For sol
utions containing "large" solute molecules, 
these molecules are going to block partially 
the pores of the membrane causing an increase 
in Rp. Consequently, their permeate flux 
decreases in comparison to solutions contain
ing "small" molecules, which are less retained 
and can more easily pass the membrane. The 
non-linear behaviour of the flux-pressure 
relation for the higher molecular weight 
solutions as noticed in Fig. 5.2.1.a is 
usually linked to the building-up of a concen-
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These measurements on commercial hollow fibre 
modules will be later used to the charac*eriz-
ation of home-developed composite hollow fibre 
membranes. 

References 
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5.2.2 Ultrafiltration 

R. Leysen, W. Doyen, R. Proost 

A very specific application of ultrafiltration 
membranes is their use as coalescent medium 
for finely dispersed oil droplets in water, in 
order to recover the oil from oil-water 
emulsions. Since for this application the 
hydrophobic/hydrophilic properties of a 
membrane play an important role, it was found 
interesting to check the SCK/CEN composite 
ultrafiltration membranes (inorganic/organic 
of composition) for this application. Exper
imentally, a test was made with a cutting oil 
containing approximately 3-4 wt % oil, as it 
is used to cool drilling or milling machines. 
Two types of membranes with similar "cut-off" 
values were checked : a 100 % polysulfone 
commercial membrane, supplied by the DDS 
company (De Danske Sukkerfabrikker), and a 
home-made composite membrane containing 80 wt 
% of Zr02 and 20 wt % of polysulfone. The 
oil-water experiments were performed in a DDS 
mini-lab ultrafiltration testing installation, 
containing 4 membranes with a total geometri
cal membrane surface area of 336 cm2. The 
process flux and the oil content of both 
retentate and permeate were measured under 
well controlled conditions of temperature, 
transmembrane pressure and recirculation rate. 
Before and after th'; oil-water separation 
experiments, each membrane was examined on its 
permeability for pure water. 

Both membranes retained the oil droplets for 
100 % but significant differences in flux 
characteristics were observed. At first, the 
initial process flux of che composite membrane 
was about 50 % higher than the one of the 
polysulfone membrane. Secondly, the reten
tate concentration varied respectively between 
29,200 and 61,500 ppm and between 44,500 and 
50,500 ppm. Thirdly, the composite membrane 
behaved better against fouling than the 
commercial purely polymeric membrane : the 
process flux of the composite membrane during 

11 hours of filtration decreased by only 13 % 
^gainst 50 % for the polvsulfore membrane 
after 16 hours of operation. Finally, it was 
observed that after cleaning the membranes 
with a rroper cleaning agent, nearly 50 % of 
the initial pure water flux rf the composite 
membrane could be recovered, whereas this 
cleaning procedure resulted in only 16 % of 
the initial pure water flux for the 100 % 
polysulfone membrane. In conclusion, our 
composite membranes behaves better against 
fouling then 100 % polymeric membrane. This 
interesting property will be examined in more 
details by m .king use of membranes having 
different contents in Zrt^. 

Another specific case of ultrafiltration being 
investigated jointly with the Belgian Textile 
Research Institute, is the treatment of dye 
solutions in comparison with electrochemical 
oxidation (see also under 5.4.5). Five 
different classes of dyes were tested : the 
direct-, the reactive-, the sulphur-, the 
indanthrene- and the acid type of dye. 
Various membranes we:-e checked in relation to 
two hazardeous aspects of dye waste on their 
potentiality for decoloration and on their 
potential for COD-reduction. Within the range 
of the experimental scouting conditions, 
membrane technology appearec' only interesting 
for decoloration of the indanthrene type of 
dyes. This decolorucion occurs by recovery of 
the dye without appreciable COD-reduction. 
The intrinsic value of indanthrene being too 
low, this treatment becomes economically 
uninteresting although ultrafiltration is 
already being explored on an industrial scale 
for the natural Indigo-dye. 

5.2.3 Perfusion reactor 

R. Leysen, W. Doyen, R. Proost 

In the framework of a contract sponsored by 
the Flemish Government for the development of 
a small scale perfusion reactor in collabor
ation with the Dr. L. Willems Instituut (DWI), 
progress has been made with the manufacturing 
of inorganic loaded hollow fibres. As already 
mentioned earlier, one of the main problems 
was the non-concentricity of the fibres. This 
problem could be solved by designing a new 
hollow fibre casting spinneret. Using this 
new spinneret approximately 500 meters of 
fibres were manufactured with an inner/outer 
diameter of respectively 0.9/1.4 mm (see Fig. 
5.2.3) satisfying the concentricity require
ment. 
In view of possible toxicity due to the 
composite nature of the fibres, experiments 
were undertaken at DWI to check the cell 
growth and cell adhesion. No inhibition 
effects were found and cell adhesion occurred. 
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Fig. 5.2.3 : SEM-picture of the cross-section 
of a 80 wt % loaded polysulfone hollow fibre 
(the white bar represents 1 mm) 

The hollow fibre module fabrication was 
started. An evaluation was made between 
different epoxy potting resins and potting 
procedures. It was possible to realize 
several modules with a total inner membrane 
surface area of approximately 300 cm2. These 
modules were characterized on their water 
permeability and retention characteristics for 
polysaccharides. DWI determined their reten
tion characteristics for serum and medium 
components, such as salts, amino acids, 
proteins, immunoglobulins and a hydrolysed 
gelatine with molecular weight similar to the 
growth factor that we want to generate. It 
appeared that the molecules having a molecular 
weight above the one of the growth factor, 
could be successfully retained, whereas the 
molecules having lower molecular weights could 
pass the pores of the fibres. The growth 
factor planned for production by making use of 
this hollow fibre module, is yet being syn
thesized by fermentation. 

5.2.4 Immobilization techniques of bioactive 
species 

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

.n the framework of a collaboration agreement 
with the Or. L. Will ems Instituut (DWI) and 
the Limburgs Universitair Centrum (LUC), 
different membranes have been prepared for use 
in short-time medical diagnosis tests. 
Several membrane materials have been used, 
e.g. polytetrafluoroethylene, polysulfone, 
polyvinylidene fluoride. 

From the experimental results, especially the 
biological quality tests at DWI, it became 
clear that it was, in principle, possible to 
coat all the above mentioned membrane 
materials with proteins. This could .-asily be 

deduced from the positive reaction observed in 
particular diagnostic checks. However, the 
commercialization of the product has been 
hampered by a few serious drawbacks : 
- too high background absorption 
- too low binding opacity, and 
- difficult handling of some of the membranes. 
Since there are no clear ideas for increasing 
the binding capacity, it was therefore decided 
to halt further R&O-work on this subject. 

In collaboration with the Biology Department, 
experiments with the immobilization of living 
cells have been performed. Using the cold 
rolling technique with PTFE as the binding 
material, microorganisms could be incorporated 
when these organisms were first absorbed onto 
an inert substrate material. The straightfor
ward incorporation of microorganisms in PTFE 
is very troublesome, up to now. Several 
reasons for this behaviour can be put forward: 
- large differences in particle size, 
- differences in "hardness" between the 

binding- and living organic material, and 
- differences in specific surface area. 
Further study and optimization will be needed 
in order to solve these problems. 

Experiments performed with PTFE-membranes, 
containing immobilized cells, previously 
absorbed onto a substrate material show a 
normal biological behaviour, e.g. yeast cells 
for ethanol production, bacteria for heavy 
metal removal. It seems therefore possible to 
use this immobilization technique for particu
lar biotechnological problems. 

Also in cooperation with the Biology Depart
ment and sponsored by the Flemish Government, 
a biosensor for heavy metal detection is being 
studied. The response signal from the bio
sensor was up till now of electrochemical 
nature (reduction of oxygen). The response 
time however appears to be too high. In order 
to remedy this behaviour, biochemical tailor
ing is being applied. 

5.2.5 Diaphragms for chlor-alkali electrolysis 

R. Lessen, Ph. Vermeiren, W. Adriansens 

As already mentioned earlier 1), the homogen
eity and the reproducibility of the diaphragms 
had to be improved. In order to tackle this 
problem a very specific treatment has been 
succesfully developed and showed very promis
ing results 

Another point of interest is the upscaling of 
the diaphragms. Up to now the largest dia
phragms have a surface area of 5000 cm2. 
During the last few months the further up-
scaling resulted in the manufacturing of 
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diaphragms with a surface area of 10,000 cm?. 
which is sufficiently large for the industrial 
application. For this purpose a new indus
trial mixer had to be acquired and put into 
operation. The large calendar needed, was 
provided by AZC. 

References 
1) Mol Research Division Report, BLG 597 

(1986) 

5.2.6 Hydrogen tungsten bronzes for use in 
Hg-sensors 

Ph. Vemeiren, C Winckelmans, R. Leysen, J. 
Vangrunderbeek (K.U. Leuven) 

As mentioned in the previous report (BLG 597), 
it has been considered to use HxW03 as a 

E 
RT al 

2 > 
where all symbols have their usual meaning. 
The electrochemical characterization of the 
HxW03 was performed in H2S04 as electrolyte. 
The stability of the open circuit potential 
was studied as a function of pH and H content 
inside the HxW03. However, in none of these 
experiments a stable electrode potential could 
be obtained. Traces of 0 2 reac: with the 
hydrogen tungsten bronze 1) resulting in the 
formation of WO3 : 

2HW03 x 2W03 + 2H
+ + 2e" 

2H+ + 2e" + 1/2 0 2 x H2° 

2HW03 + J/2 0 2 x 2 W 03 + H2° 

, . - The equilibrium constant for this last reac-
reference electrode in H 2 sensors. Therefore, tion oeing as high as 2. 2 x l 031 it becom?s at the Physics Department of the K.U. Leuven, 
thin layers of WO3 (typically 0.4 urn thick
ness) were deposited on Sn02 coated substrates 
by reactive DC magnetron sputtering from a 
metallic W target (MRC, Marz grade) in a pure 
oxygen atmosphere. 

After evacuation of the chamber by combined 
mechanical and oil diffusion pumping (with 
liquid nitrogen baffle) to a base vacuum of 
less the 1 x 10"6 mbar, the sputter gas is 
admitted by means of a thermal mass flow 
control system (Brooks, 5850 TR mass flow 
controller). The power supply is operated in 
a constant current mode. Pefore the actual 
deposition, the target is successively sputter 
cleaned in pure argon and pure oxygen. All 
depositions are performed at an oxygen press
ure of 4 x 10"3 mbar, an oxygen flow of 29 
cm'/min and a discharge power density of 0.79 
W/cm2. The sputter rate is typical 120 A/mi'n. 
Target to substrate spacing is at 7 cm for all 
depositions. 

The layers are characterized by means of 
various techniques. Structure and morphology 
analysis are performed by means of Scanning 
and Transmission Electron Microscopy and X-ray 
diffraction (e-2e). The layers showed a 
trlclinic modification of W0 3 and crystallytes 
of about 80 A are randomly oriented. Ion 
Scattering Spectroscopy (ISS) gave evidence 
for an excellent homogeneity of the layers. 
It was also shown that neither surface nor 
bulk contamination was present. 
Hydrogen is intercalated in these WO3 layers 
according to the following reaction : 

clear that unless x is very small, the oxi
dation of the hydrogen tungsten bronze will 
easily occur. 

Fig. 5.2.6 shows the influence of the 0 2 

concentration in the electrolyte. The exper
iment was performed in a IN H2S04 solution at 
25°C. The electrode layer had a thickness of 
0.62 urn and the hyd-ogen mule fraction had a 
value of x = 0.1. 

Fig. 5.2.6 : Transient behaviour of the open 
circuit potential as a function of 0 2 concen
tration in the electrolyte 

References 
1) H.L. Hitchman, J. Electroanal. Chem., 85 

(1977) 135-144 

WO, + xHT + xe" Hx w0 3 

In connection with an electrolyte and a 
hydrogen sensing electroce, a concentration 
cell can operate according to : 

5.2.7 Waste Characterization 

P. Geuzens, H. Elslander 

The possibilities for useful application of 
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different types of industr-al bulk wastes were 
examined experimentally. The waste products 
investigated are : 
- fly and bottom ashes of different oper

ational Flemish municipal solid waste 
incinerators; 

- different types of nor-ferro slags. 
The study programme generally includes 
physical and chemical characterization of 
these waste products. The most important 
parameters in view of their application 
potentials are : 
- particle size distribution, specific surface 

area; 
- heavy metal content; 
- leaching behaviour. 
The leaching behaviour was evaluated by 
performing batch and column leaching »xper-
iments. It became clear that most of these 
waste products could be used as fill up 
material, in road construction and other 
applications. 

Besides this study, the heavy metal leaching 
behaviour of some highly polluted soil samples 
was examined experimentally (waste from 
so-called black points). 
The effect of the addition of a bulk product 
with a high cation exchange or adsorption 
capacity for heavy metals was examined in 
batch leaching experiments. This study was 
performed on behalf of OVAM (Flemish Public 
Waste Authority), in view of a safe landfill 
of these highly polluted soils. 

5.3 SEPARATION TECHNIQUES FOR SLUDGE AND 
AEROSOLS 

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, a splitting tech
nique for the sludge dredged from the Ghent-
Terneuzen canal is investigated. The former 
research phase showed that on laboratory scale 
it was possible to split the bulk in a highly 
polluted fraction and a relatively low pol
luted one. But it has been proven in labora
tory experiments that a change 1'.' viscosity, 
due to the recirculation, causes a continuous 
change of the effective cut-off diameter of 
the hydrocyclone. Therefore hydrocyclone 
experiments, with the sludge only going once 
through the separation unit, were set up. Two 
approaches were pursued : 
- one set of experiments at the sediment 

deposit site itself, 
- another set at SCK/CEN with very recently 
dredged sludge collected in a vessel. 

During these two sets the following conditions 
are especially examined : 

- the under- and overflow streams; 
- the particle size distribution in both 
under- and overflow, 

- the heavy metal and organic pollutant 
concentration of both flows; 

- the optimum dimensions and operating con
ditions for the hydrocyclone. 

a) For the first set of experiments at the 
deposit site itself the experimental set up 
consisted of : 
- an electrical groun (for the 

driving force); 
- a sludge pump; 
- a sludge tank, in which the 

homogenized before pumping to 
cyclone; 

- the hydrocyclone pilot equipment 
5.3.1); 

electrical 

sludge was 
the hydro-

(Fig. 

i.f-piM_ 
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^Ovtrflm 
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Fig. 5.3.1 : Hydrocyclone test r i g 

The experiments were carried out with a 
f ive- inch conical and with a f ive- inch stub-
hydrocylone. In these hydrocyclones three 
sizes of vortex finders and three sizes of 
spigot cap were used. In addi t ion, d i f ferent 
wording Pressures were imposed to ident i fy the 
most economical working conditions. During 
one run the under- and overflow were sampled, 
the actual f o w was registered and the samples 
were analysed chemically and physical ly. 

The results can be summarized ?s follows : 
- the concentration of heavy metals increases 

with increasing depth in the sludge deposit, 
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reaching a constant value at about one meter 
depth; 
- the heavy metal concentration and the Poly 
Aromatic Hydrocarbon (PAH) concentration in 
the sludge deposit are nearly the same as 
those measured in the sludge dredged in the 
Ghent-Terneuzen Canal ; 

- the Poly Chlor Benzene (PCB) concentration 
of the deposited sludge is twice that of the 
canal sludge; 

- the sludge treatment with the conical 
hydrocyclone results in a contaminant 
depleted underflow (P 5Q > 20 urn) and a 
contaminant enriched overflow (D^Q < 20 urn) 
needing further treatment before dumping. 

b) For the second set of experiments a special 
batch of freshly dredged sludge from the 
Ghent-Terneuzen Canal has been transported to 
Mol where a special vessel with pipelines and 
pumping facilities had been constructed as 
feed tank. These experiments were aimed to 
realize the splitting under realistic working 
conditions and to obtain reliable material 
balances for the hydrocyclone. 

Preliminary results indicate that the working 
conditions of the hydrocyclone can be easily 
adapted to the dumping standards in such a way 
that the underflow can be deposited without 
additional treatment while minimizing the 
contaminant enriched overflow that has to be 
further treated. 
A techn'co-economical feasibility study is 
being prepared on the techniques suitable for 
final treatment of this overflow. 

5.3.2 Viscosity of dredging sludge 

C. Verlinden, A. Faseur, L. Kinnaer 

As measuring method for the determination of 
the viscosity of dredging sludge a rotating 
viscosimeter Haake Rotovisco RV 100 has been 
purchased. After having tested the reproduc
ibility of the measurements the influence of 
important parameters as temperature and dry 
matter content was studied. Viscosity 
measurements carried out with the athermo-
static sludge (sludge and equipment do not 
have the same temperature) show totally 
different results as experiments carried out 
with the thermostatic sludge. The influence 
of the dry matter content and granulometric 
composition on the viscosity and rigidity has 
been thoroughly studied. Therefore it was 
necessary to first start on error analysis on 
the equipment parameters. 

As this research topic is relatively new it is 
difficult to compare the data with results 
available in literature where often the 
working conditions are not mentioned in 

sufficient details. Further research will ka 
undertaken to look after the influence of the 
granulometric composition on the viscosity and 
rigidity of different types of sludge. 

5.3.3. Aerosol trapping 

C. Weyers, W. Goos sens 

The industrial validity of the Multi-tjector-
Venturi system was checked with a MEV-100 put 
in by-pass on the off-gas line from an indus
trial glass coating installation. This long 
duration check lasted 2350 hours. At a gas 
throughput of 100 m3h~* the inlet concen
tration of submicronic metallic oxides of 
about 1 g m"3 could be reduced to un outlet 
value of less than 20 mg m"3. Also fluorides 
and chlorides were retained with an efficiency 
above 99 % when proper alkaline roagents were 
added to the scrubbing liquor. 

The scale-up to 1.000 m3/h of the Multi-
Ejector-Venturi system has been studied on one 
module Ejector-Venturi (EV-1000). This module 
has been designed on the basis of the experi
ence gained in the laboratory with different 
small units and in the industry with the 
MEV-100. For the experimental tests of this 
EV-1000 elenent the equipment initially 
acquired for testing a MEV-1000 system in 
relation to a waste incinerator, has been 
adapted and assembled A large effort was 
needed to develop an artificial aerosol 
generator able to load 1000 m3h"* gas with 
submicronic aerosols at a level of 1 g m"3. 
Fig. 5.3.3 gives a view on the EV-1000 element 
and the equipment used to test its perform
ance. After proper adjustment of the ejector 
and venturiconfiguration, three types of 
ejectors were investigated. The trapping 
efficiency for the submicronic metallic oxides 
used was higher than 99.5 X, far better than 
the guarantee givan earlier. In addition, the 
energy consumption could be reduced with a 
factor of three in comparison with earlier 
data. These scale-up results do confirm the 
excellent performance of the system and the 
validity of the decign concepts applied. 
Hence, the industrial development of the 
MEV-system can start with confidence. 

In parallel to this technical evolution, 
negotiations were started with the Vlaamse 
Executieve (Flemish Government), who had 
funded this experimental development research, 
and with industrial candidates for commer
cialization. These negotiations have been 
finalized by a licence with the industrial 
partner and a contract with the Flemish 
Government for further support during transfer 
of know how. Within this tripartite arrange
ment further develcement of the MEV-sysUm has 
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Fig. 5.3.3. : View on test f a c i l i t y for MEV 

been started. The design is under way of 
different MEV-systems for various industr ial 
or demonstrative applications with a gas 
throughput in the range from 10 to 100,000 
m'h"1. The fabrication procedures for these 
different systems are under study. 

5.4 PROCESS TECHNOLOGY 

5.4.1 Qualification of fluidized bed combus
tion for coal waste 

P. Hey1 en 

In accordance with the previous experiments, 
additional measurements vere made in the 40 
MWth fluidized bed coal waste combustor at 
different levels while the excess of oxygen 
was lowered. Little variation in the CO 
content of the off-gases was observed and the 
general trend of CO-distribution in the free 

board remained valid too. 

During more than a month, continuoi s flue gas 
measurements were performed at different 
points in the fluidized 40 MWth combustor. In 
that period, and in collaboration with the 
boiler constructor CMl a number of cc 1 waste 
types with a cnanging ash content were burnt 
by Kempense Steenkoolmijnen. When necessary, 
high-grade coal was fed as supporting fuel by 
an overbed pneumatic feeder. During these 
experiments limestone of different particle 
size and composition was introduced in the 
freeboard by pneumatic injectors and by in-bed 
screw feeders. The general trend was a 60 to 
70 % reduction of the SOj content i.i the flue 
gases and a total S capture in bed and flue 
gases of 90 to Î? %. The duration of these 
experiments was too short to permit the 
determination of mass and Ca/S balances. The 
Ca/S ratio observed in these preliminary 
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experiments tends to a ratio of 3 to 2.5. 
More and longer experiments are needed to 
optimize the bed composition, the bed granulo-
metry and the inlet point for the recycling of 
the cyclone ash containing the most unreacted 
1 imestone. 

5.4.2 Materials tests in an atmospheric 
fluidized bed coal combuster and in a 
fluidized bed coal gasification test rig 

P. HeyTen, G. Wouters 

The objective of the SCK/CEN contribution to 
the CEC-project is to support and verify by 
in-plant experiments the erosion-corrosion 
models developed by the Cranfield Institute of 
Technology. The model development is a.so 
supported by Moratory corrosion and erosion 
experiments carried out by the Cranfield 
Institute of Technology, UMIST of Manchester 
and the Petten Establishment of JRC. 
The in-plant expe-iments are being carried out 
respectively in a 40 MWth atmospheric fluid
ized bed boiler, owned and operated by the 
Kempense Steenkoolmijnen, and in a fluidized 
bed coal gasification test rig, especially 
built by SCK/CtN for material and hot gas 
cleaning tests. 

Concerning the fluidized bed tombustor, 
characterization of the corrosive environment 
and of the coal ashes at different locations 
in the plant has been carried out and the 
preparation of the in-plant test probes is 
proceeding as planned. The testing of the 
specimen holder is somewhat delayed by diffi
culties in specimen preparation, but this 
delay will not hamper the project schedule. 
In the next period still much work has to be 
done on the in-bed characterization of the 
fluidized bed combustor environment, since no 
information is available on the local compo
sition and or. the dynamics of the in-bed 
corrosion coiditions. 

Concerning the coal gasification test rig the 
construction works are proceeding as planned. 
The commissioning tests are planned to start 
in September so that the first full-scale 
gasification tests of short duration can be 
carried out next year. 

5.4.3 Process techniques for waste products 

H. Elslander, P. Geuzens 

On behalf of OVAM (Flemish Public Waste 
Authority), incineration tests were performed 
in the "spouting" type fluidized bed labora
tory-scale installation, for 5 organic 
sludges. 
The meteiing equipment for hardly pumpable 

sludges and the data acquisition technique for 
this installation were additionally improved. 
The sludges tested were from the waste water 
treatment flotation installation of an oil 
refinery plant. Also acid tar pellets and 
filter cake residues were incinerated on the 
laboratory spout fluidized bed installation. 

In Fig. 5.4.3 a typical result is shown of the 
on-line off-gas analysis during a short 
incineration experiment. Based on these 
experimental dati, the emission by inciner
ation of that industrial waste product can be 
evaluated. Advices on suitable pollution 
abatement techniques could be given also. 

5.4.4 Electrochemical reactor technology 

R. raps, C. Van der Poorten 

In the framework of a joint investigation with 
the Belgian Textile Research Institute, 
experiments were carried out to study the 
feasibility of the electrochemical degradation 
of dye-containing effluents. Five different 
types of effluents were treated. Special 
attention was paid to the study on the influ
ence of the -hosen electrode material and 
distance between the electrodes. The encour
aging results were evaluated in terms of 
COD-reduction and amount of discoloring. It 
was found tha*. the electrolysis-parameters are 
dye-dependent. 

Dispersion Electrode 

As mentioned previously 1) systematic research 
is needed to get information about the behav
iour of an anodically charged carbon disper
sion electrode. Therefore, a sequence of 
measurements has been carried out consisting 
of the following steps : 
a. Stabilisation of the system for ^ 30 

minutes at zero current 
b. Charging of the dispersion until a plateau 

value at different currents 
c. Behaviour after charging for ^ J minutes 

at zero current 
d. Discharging of the dispersion by inserting 

a soluble plate at zero errent. 

The reproducibility of the results could be 
increased by the application of continuous 
nitrogen gas bubbling. The characteristic 
curves obtained were similar to the curve 
obtained earlier (Fitj. 5.4.5-b in ref. 1)). A 
complete analysis of the recorded charging 
behaviour revealed the following four differ
ent parts : 
1. an activation period during which the 

dispersion remains inactive and the poten
tial did not change. The time needed to 
activate the electrode is given in Table 
5.4.S.a. 
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Fig. 5.4.3. On-line monitoring of combustion parameters 

The dispersion charging rates of these three 
Charging 
current 

(A) 

2 
1.5 
1 

fOO 

20 
18 

DPi 

580 

8 

37.5 

(mV-vs 

711 

24 

NHÊ) 

Average 

14 

31 

parts are given in Tabl 

Part 2 
Current 

(A) 
? 7 
1.5 6.6 
1 2.4 

e 5 .4 .5 .b . 

Part 3 

1.7 
1.4 
0.7 

Part 4 

0.2 
0.2 
0.2 

Table 5.4.5.a : activation time (minutes) for 
the dispersion electrode 

This table indicates that the activation time 
decreases at higher charging current and/or at 
higher initial dispersion potential (OPi in 
the table expressed in millivolt versus the 
normal hydrogen electrode). 

2. a steep increase in potential 
3. a smooth dying out of the potential in

crease 
4. a plateau of the potential increase 

Table 5.4.5.b : Rates of charging (mV/min) of 
the dispersion 

The charging current again plays a predominant 
role on the charging rate for parts 2 and 3 
where part 4 reflects more a current indepen
dent loading velocity. The obtained charging 
data allow to determine the time needed to 
charge the dispersion electrode until a 
pre-f1xed potential at constant operating 
conditions. An example of such curves is 
given in Fig. 5.4.5, where the current is kept 
constant at 2A «nile three values for the 
initial dispersion potential have been consi
dered. 
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The rate of discharging, when the current is 
interrupted, is mentioned in Table 5.4.5.C 
These rates are somewhat smaller than the 
charging rates of part 3 during loading. 

Current Discharging rate 
(A) " (mV/min) 

__ . 

1.5 0.9 
1 0.7 

Table 5.4.5.C : Rate of discharging (mV/min) 

Influence of the «t . disp. pot. (DPi) 
Curent is constant = 2 A 

> Dpi » 40O mv A Dpi - 3SO mV O D P I - 630 mV 

OnpwsKn polwiIMl - f*E imV| 

Fig. 5.4.5 : Time needed to charge the disper
sion until a fixed potential 

Rotating Cylinder Electrode Reactor 

On behalf of the Flemish Government, further 
research was carried out on the applicability 
of the Rotating Cylinder Electrode Reactor 
(RCER) for : 
- the selective recovery of a metal from a 

spent process solution; 
- the continuous refining of a metal. 

The parametrical investigation of the selec
tive winning of a metal out of a spent process 
solution was carried out in batch. The 
depletion of the solution appealed faster than 
what was expected from theoretical consider
ations. This fact can be linked to the 
formation of powdery deposits, which create a 
supplementary turbulence in the near neigh
bourhood of the cathode. At the same moment, 
as the powder deposit is being initiated, an 
increase in cell-current is measured. The 
data treatment indicated that the rotation 
speed of the cylinder in combination with the 
applied potential mainly determine the ob
tained results. Further research is focused 
on tne determination of correlations for 
practical design purposes. 

The research on the continuous refining of a 
metal within a rotating cylinder electrode 
reactor required a complete new flow-through 
system which was designed and built. After 
proper commissioning tests, orientative 
experiments of about 48 hours were carried 
out. The electrolysis was continuously 
monitored, to get a maximum information 
output. The critical electrolysis parameters 
were, as for the first application, the 
rotation speed of the cylinder and the applied 
potential. Compared to conventional elec
trolysis, very promising results were ob
tained. 

Impedance measurements in solid electrolytes 

The set-up for impedance measurements has been 
extended with a furnace and a convenient 
sample-holder allowing impedance measurements 
until 1000 °C. To check the complete set-up, 
hardware and software included, the impedances 
of well-defined electronic circuits were 
measured. The obtained data were in accord
ance with what was expected *rom theoretical 
calculations. This confident experience 
resulted in the start-up of a second set of 
impedance measurements aimed at the determi
nation of the properties of a NajSO^p^VO^-
solid electrolyte at different temperatures as 
there are : the time needed for thermal 
stabilization of the electrolyte and the 
influence of temperature on the impedance of 
the sample. 

References 
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5.4.5 Upstream ft,*! cell technology 

P. Geuzens, L. Kinnaer 

On behalf of Elenco, a fully integrated 
COo-absorber for proper conditioning of the 
inlet combustion air 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 second progress report was 
prepared and transmitted to the European 
Commission. 
In this report, a complete model calculation 
was presented on the ^-absorption in an 
absorption cell with air and absorbent flow 
separated by membrane structures. The model 
calculations were verified extensively by 
experimentally tests. 

It appeared that mass transfer is controlled 
by two mass transfer resistances in series, 
e.g. the gas diffusion through the membrane 
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and the chemically enhanced absorption of the 
CO2 in the absorption liquid. 
The process will be optimized by increasing 
the specific mass transferring surface and the 
characteristics of the membrane in view of gas 
diffusion. 

5.5. PROCESS ENGINEERING 

5.5.1 Assessment of composting 

P. Geuzens, H. Elslander; P. Govaerts (Health 
Physics Department) 

Process evaluation and advizing on odour 
abatement techniques in a municiüal solid 
waste composting plant were performed for a 
specific case on request of Ovam (Flemish 
Public Waste Authority). The actual com
posting process in relation to generation and 
emission of smelling compounds was studied by 
determining the composition of the composting 
a.r and the waste during th» whole process. 
The total emission of organic bounded carbon 
(TOC1 from the surface of the compost piles 
was measured experimentally. The measured 
TOC-eirissicn from the surface of the compos*' 
piles was used as a source term for th& 
calculation of the immission by a dispersion 
model (IFDM model developed at Health Physics 
Department). The results of this model 
calculation were compared with odour obser
vations in *'•• neighbourhood of the plant. The 
thus calcu. "d immission values appeared to 
correspond < jlitatively with the local odour 
levels observed. 

The process evaluation study Indicated real 
potentials for diminishing odour problems by 
process adaptions. A forced aeration of the 
compost piles was advised. This adaptation 
was examined experimentally in two real-scale 
compost ng experiments (50 m3 of municipal 
refuse) with forced aeration (pressure mode 
and vacuum mode ventilation). The most 
important process parameters (temperature, air 
flow, TOC and relative humidity of the inter
stitial air, composition of the waste/compost, 
content of dige'table organic matter, etc.) 
were determined continuously. From these 
experiments the most important design data for 
the aeration system to be built could be 
obtained. In practice, ventilation by extrac
tion has been chosen. In this way, the 
ventilation air can be treated afterwards in a 
bio-filter to remove the remaining smelling 
compounds before discharge into the atmos
phere. 

The biological degradability of the smelling 
organic compounds will be examined experimen
tally in a technical installation, already 
been assembled in the laboratory. It is 

equipped with a self-designed sampling and 
analysis system for the incoming and outcoming 
gases. This sampling and analysis system will 
also be used later for controlling the per
formance of the bio-filter installation to be 
built at the municipal solid waste composting 
plant. 

5.5.2 Evaluation of the decontamination of 
soil polluted with heavy metals 

P. Geuzens; D. De Vooght (Diversification 
Programmes Division) 

On behalf of AROL (Administratie Ruimtelijke 
Ordening en Leefmilieu) a study was executed 
on : "Decontuiin'nation of soils polluted with 
heavy metals; review and possible sanitation 
techniques for cadmium and lead". 
Based on a lot of already existing studies on 
particular cases of s< 41 pollution with heavy 
metals, this study gives a survey of a1! the 
zones in Flanders which are contaminated with 
Cd and Pb. Most of these pollution zones are 
situated near existing or former non ferro 
industries. Based on the actual atmospheric 
deposition data and on the removal of heavy 
metals via rainwater percolation and on 
emission data of the plants, a mass balance 
could be made which gives the evolution of the 
pollution situation. 
A comprehensive literature review was given of 
the possible sanitation techniques, existing 
or under development. An evaluation of the 
different techniques was made, taking into 
account the following parameters : 
- heavy metal content; 
- evolution of the soil pollution; 
- soil type; 
- land destination; 
- economics of the sanitation techniques; 
- others. 
The most urgent pollution zones were indicated 
and some control and decontamination measures 
were proposed. 

5.5.3 Hawai - Gas purification line 

G. Van Houte 

The official quotation queries have been sent 
to different manufacturers of the equipment 
parts that have been fixed for the gas purifi
cation line of the Hazardeous Waste Inciner
ator (HAWAI). The queries concerned respect
ively a high-temperature heat exchanger, a 
cooling tower, the dry filtration systems (bag 
filters and Hepa filters) and the gas washing 
unit. 
The offers of the manufacturers were examined 
or are under examination and the purchase of 
selected equipment parts is being submitted 
for approval by the management. 
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The f ina l option for the high-temperature heat 
exchanger, is e gas/air exchanger instead of a 
gas/thermo-oil exchanger although the tempera
ture of the exchange tubes w i l l be higher in 
the case of the gas-air system and although 
the la t te r is less compact. The f i r e r isk of 
the thermo-oil has been considered as a safety 
burden for the thermo-oil system while the 
gas/air exchanger is addit ionally favoured by 
the s impl ic i ty of i ts regulation system and 
i t s much lower investment costs. 
The temperature at the in le t of the exchanger 
has been limited to 900 °C in view of protect
ing the exchanger tubes from corrosion by the 
hot acid jases. This temperature l imi ta t ion 
needs cooMng of the hot incinerator gases by 
d i lu t ion with air before their entry into the 
heat exchanger. 
The capacity of the heat exchanger is l imited 
to the heat quantity needed to reheat the 
gases after the scrubber before the entry into 
the stack. The minimal guaranteed temperature 
at the chimney w i l l be 110 °C. 
The gas-air heat exchanger was designed and 
calculated taking into account probable dust 
deposition on the exchange tubes. A manual 
cleaning of the tubes is foreseen in o f f - l ine 
operation. The heat exchange tubes can be 
replaced as a compact block or completely 
removed from t'te ins ta l la t ion . In this last 
event the cooling of the gases w i l l be 
achieved by the evaporative cooler. 

The evaporative cooler w i l l be instal led after 
the high temperature heat exchanger. A 
special spraying system working with combined 
water and a i r pressure w i l l in ject the water 
as very fine droplets into the hot gas stream. 
Two sprayers wi l l be instal led each with 100 % 
capacity, one working, and ont in stand-by and 
protected from the contact with the hot gases. 
By fa i lure of the working sprayer the second 
sprayer wi l l automatically and instantaneously 
be introduced into the off-gas system with the 
same regulation system. The most important 
attention has been g-*ven to the completion of 
the evaporation of tne water droplets through 
the evaporative tower. The water and the air 
pressure 1n the nozzle w i l l be simultaneously 
regulated by an electronic regulator guaran
teeing the spraying of very f ine droplets from 
0 to 100 % of the capacity. 
The water pumps and the air compressors w i l l 
be twofold (2 x 100 % capacity) and w i l l be 
automatically permutable. In the case of a 
complete fai lure of the regulation system of 
the sprayers, a manual control of the valves 
w i l l be possible. 

' oncerning the scrubbing unit (quencher + 
.rubber + demister) placed after the f i l t e r 

system no decision has been taken up to now. 
We received already some interesting proposals 

and are waiting for more results of measure
ments on existing instal lat ions before taking 
a f inal decision. The measurements concern 
specially the eff iciency of the SOo gas 
trapping and of the demisting ins ta l la t ion . 

F inal ly , the SCK/CEN is further performing 
corrosion tests of metall ic and other samples 
by acid gases at d i f ferent temperatures. 
The results of these tests w i l l orient us to 
the f ina l choice of the di f ferent metallic 
parts and of the refractories to be used in 
the gas cooling and pur i f icat ion l i ne , as 
there are the materials for the high-tempera
ture heat exchanger> the cooling tower (re
fractories and sprayers), the bag f i l t e r 
ins ta l la t ion , the housing of the Hepa f i l t e r s , 
the quencher, the metallic gas pipings, the 
connection systems and d i la ta t ion compen
sators, the chimney, etc. 

5.5.4 Safety assessment reports of industrial 
instal lat ions 

G. Wouters; P. Govaerts, J . Pauwels (Health 
Physics Department) 

On request of the Flemish Government a safety 
assessment report of a corn and wheat pro
cessing factory, producing starch, dextrose, 
glucose and derived products, is in prep
arat ion. Three major hazards are being 
considered in the study : dus. explosion in 
large storage bins and in processing equip
ment, releases from toxic product storage 
tanks and f i r e hazards from inflammable 
l iquids storage and handling. Tr.e dust 
explosion risk study is j o i n t l y being carried 
out with Prof. J . Berghmans of the K.U.L. 
(Katholieke Universi tei t Leuven). The risk 
study of the release of toxic products and of 
inflammable l iquids has been completed. The 
explosion risk assessment of some drying 
equipment has also been investigated and is in 
progress for the other types of equipment. 

5.6. PUBLICATIONS, REPORTS, LECTURES 

5.6.1 Publications 

- "Magnetisch gestabiliseerde wervel laag voor 
f i jnstofvangst", P. Geuzers, Verslagboek 
Studiedag Vereniging Lucht Sectie Aerosoien, 
8 apr i l 1987, SCK-Mol 

- "Multi Ejector Venturi voor aerosol verwer
k ing" , W.R.A. Goossens, C. Weyers, Verslag
boek Studiedag Vereniging Lucht Sectie 
Aerosolen, 8 apr i l 1987, SCK-Mol 

- "Studie van de R&D/Produktie-Interface : 
Empirisch Onderzoek aan de hand van v i j f 
btvalstudies", A. Faseur 

Thes.s ingediend en verdedigd ter ver
kr i jg ing van het diploma bedrijfskundig 
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ingenieur, Juni 1987 
- "Procédés d'élimination de N0X et S0X, 

W.R.A. Goossens, 
Proceedings Demi-journée SRBII "Energie et 
Environnement", Bruxelles, 3 juin 1987 

5.6.2 Lectures 

- "Gebruik van flocculentiî in de waterbehan
deling", A. Faseur 
Solvay-studiedag "Waterbehandeling", Neder-
Over-Heembeek, 5 februari 1987 

- "Inleiding tot wervellaagtechniek", Semi
narie Chemie-ingenieurstechniek KU Leuven, 2 
april 1987, W.R.A. Goossens 

- Studiedag Vereniging Lucht Sectie Aerosoier., 
8 april 1987, SCK Mol, Inleiding en Multi 
Ejector Venturi voor aerosolverwijdering, C. 
Weyers, W.R.A Goossens 

- Studiedag Vereniging Lucht Sectie Aerosolen, 
8 april 1987, SCK Mol, Magnetisch gestabili
seerde wervel laag voor fijnstofvangst, P. 
Geuzens 

- "Wat is een wervellaag ?", TI-KVIV Studie
avond over "Toekomstperspectieven voor 
wervellaagverbranding met steenkolen, 
Hasselt, 10 april, W.R.A. Goossens 

- SRBII "Energie et environnement", Brussels, 
June 3 1987, Procédés d'élimination de N0X 

et S0X, W.R.A. Goossens 
- Redactieraad Industriemagazine, "Multi-

Ejector-Venturi systemen voor gaszuivering", 
Antwerpen 26 juni, W.R.A. Goossens, C. 
Weyers 

5.6.3 Patents and Reports 

- Italian Patent, NO. 1.155.777 granted on 
23th January 1987, "Membraan voor electro-
chemische cel en electrolysecel met zulk 
membraan" 
L. Baetslé, A. Blanchart, R. Leysen, G. 
Spaepen, J.B. Vandenborre 
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6 . 2 . SHORT-TERM AND LONG-TERM EFFECTS OF 
IONIZING RADIATION 

6.2.1. Biology and radiobiology of marine 
algae 

S. Bonotto, D. van der Ben (Bruxelles), E. 
Oujardin (Liège), C. Sironval (Liège), F. 
Cinelli (Pisa), A. Santulli (Trapani) 

Marine algae are useful organisms for 
pluridisciplinary research in the field of 
biology, radiobiology and toxicology. Three 
unicellular species (Acetcoularia acetabulum, 
Chlamydomonas reinhardtii and Dunaliella 
bioculata) are used for basic radiobiology 
(effects of X-rays) and/or radioprotection 
work (impact of radioactive releases). 

In order to interpret correctly results 
obtained under art i f ic ia l laboratory 
conditions and to extrapolate them to natural 
situations, i t is necessary to obtain a better 
knowledge of the ecology of the marine algae 
in their nat rrl habitat. For this reason, a 
study was done on the species Acetabularia 
acetabulum (= Â  mediterranea) living in the 
Mediterranean sea. In nature, Acetabularia 
grows in a complex ecosystem, in association 
with other unicellular (bacteria, microalgae, 
protozoa) and pericellular (epiphytes and 
small invertebrates) organisms. 

The study of the epiphytes on four samples of 
Acetabularia acetabulum collected in the 
coastal waters of the Isles of Ischia and 
Giglio (Thyrrhenian sea) showed the existence 
of a very homogeneous community. The dominant 
species were Herposiphonia tenella, Chondria 
mai re i , Ceramium byssoideum, Chroodactylon 
ornatum and Fosliella farinosa. In spite of 
the short-life span of the caps of 
Acetabularia, two dominant species 
(Herposiphonia tenella and Chondria mai rei) 
growing on them were able to complete their 
whole l i f e cycle. The mean cover of the 
epiphytes represented about 40% on the edges 
of the caps, 6% and 12% respectively on their 
upper jnd lower parts, and about 33% on the 
stalks. In total, 38 species of epiphytes were 
recorded. 

A summary of this work was presented at an 
international meeting in Israel (1) . 

(1) Bonotto, S. and D. van der Ben : 
Pericellular Epiphytes of Acetabularia, First 
Eilat Symposium on Marine Symbioses, Eilat, 
February 8-13, 1987. Program & Abstracts, pp. 
64-65. 

6.2.2. Commercial interest of micro- and 
macroaigae 

S. Bonotto, D. van der Ben (Bruxelles), A. 
Santulli (Trapani), F. Cinelli (Pisa), G. 
Oalessandro (Lecce) 

A number of micro- and macroaigae are b îng 
investigated in several laboratories for their 
potential utilization as a source of food and 
chemicals for various uses. A review study on 
this topic was completed and two 
communications were presented at specialized 
symposia (1,2). At present, the production 
costs of marine algae are high with respect to 
those reported for conventional cereals 
cultivated on land. However, the improvement 
of culture and harvesting technologies would 
permit in the future a commercial valorization 
of unicellular and pericellular marine algae. 

(1) S. Bonotto Food and chemicals from 
marine microalgae. First International 
Symposium on the Microbial Ecology of the 
Mediterranean Sea, Sorrento (Naples), May 
25-30, 1987. Abstracts, p. 14. 
(2) S. Bonotto : Coltivazione e utilizzazione 
di micro- e macroalghe. Convegno Nazionale di 
Algologia, Lecce, June 5-7, 1987. 

6.2.3. Effects of radiation on the developing 
nervous system of the rat 

G.B. Gerber (Euratom) 

Euratom Contract B16-0071-B 

Brain development during early intra-uterine 
development is one of t ie most radiosensitive 
systems, and i t has been discussed that such 
damage could arise without a threshold. This 
would have import?nt implications for the 
radioprotection of pregnant women. Moreover 
this effect appears to have a high relative 
biological efficiency vs neutrons, an 
important aspect at a time when i t is 
discussed to raise the quality factor for 
neutrons. 

The studies aim to develop an animal system in 
which the functional changes seen in man can 
be simulated. Biogenic amines and their 
receptors assayed in different brain areas 
have been chosen as an indicator for radiation 
damage induced in the offspring of rats 
irradiated on day 10, 12 or 15 of pregnancy. 
Neutron exposure with neutron energies of 0.5 
or 2 MeV is carried out at the BCMN linear 
accelerators. 

During the f i rst half year of 1987, the 
concentration of biogenic amines, serotonin, 
noradrenalin, dopamine . . . and of related 
amino acids GABA, glutamine, glutamic acid, 
taurine was determined at an age of 4, 6 and 
13 weeks after neutron- and at an age of 4 
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weeks af ter X-ray i r rad ia t ion . The 
determinations are under way and evaluation of 
the results is in progress. With respect to 
biogenic amines, the method to determine 
diazepame receptors (which are related to the 
neurotransmitter GABA) has been developed and 
is now beinq used to study neutron irradiated 
animals. 

6.2.4. Radiation-induced Teukemia 

M. Janowski, B. Borremans, R. Hooghe, J. 
Boniver (Liège), M.P. Defresne (Liège) 

Euratom Contract BIO-16-0090-B 
FRSM Contract 3.4549.84 
Supported by EULEP 

Almost t h i r t y years have elapsed since 
Kaplan's formulation of the theory that 
radiogenic thymic lymphonagenesis in mice 
might be mediated by a radiation-induced 
leukemogenic v i rus. Since direct evidence in 
favour of the v i ra l hypothesis was never 
provided, i t s t i l l remains a debated question. 
One of Kaplan's strongest arguments was that 
i r radiat ion of a thymectomized mouse results 
in the appearance of a d i f fus ib le factor -
waybe a radiat ion leukemia virus (RadLV) -
capable o f provoking the malignant 
transformation of non-irradiated thymuses, 
grafted subcutaneously into the treated host. 
Quite amazingly, molecular biologists never 
took p ro f i t of this indirect induction 
protocol to test for the occurrence of a newly 
integrated proviral genome (a prerequisite for 
the acquisit ion of a leukemogenic virus) in 
the DNA of the cel ls that became transformed 
upon gra f t ing . 

Therefore, f i f teen-day old C57BL mice, 
possessing a recognizable Thy 1.1 immunological 
phenotype, were thymectomized, exposed 3 to 5 
week* la ter to 4 X-ray doses of 1.75 Gy, and 
immediately thereafter submitted to 
subcutaneous graft ing of thymuses from 
non-irradiated newborn C57BL/Ka mice bearing a 
distinguishable Thy 1.2 phenotype. Tumors 
ar is ing in the grafts actually possessed the 
Thy 1.2 marker, indicating that they were not 
the resul t of a repopulation of the grafts 
w i t i transformed cel ls o f the irradiated 
recipient , but well that they originated from 
cel ls of the non-irradiated donor. 

Murine leukemogenic viruses are known to arise 
as genetic recombinants between endogenous 
ecotropic and xenotropic viruses of the host. 
Their proviral genome can be distinguished 
from those of the i r progenitors by vir tue of 
hybrid features, such as a typical res t r i c t ion 
fragment from one parent with nucleotide 
sequences specific for the other. In more than 
80S of the grafts that underwent 
lymphomagenesis in i rradiated recipients, we 
observed the occurrence of a novel Kpnl 
res t r i c t ion fragment typical for a xenotropic 
provirus, but detectable by molecular 
hybridization with an ecotropic-specif ic probe 
(Fig. 6,2.4. , r ight panel). We thus clear ly 
demonstrated that the t inorigenic conversion 
of grafted thymic ce l ls most often correlated 
with the acquisition of a novel recombinant 
provirus. This result could be an argument in 
favour of the idea that the d i f fus ib le factor , 
appearing upon i r radiat ion of thymectomized 
mice and responsible fo r the transformation of 
non-irradiated implanted ce l l s , might actually 
be a leukemogenu v i rus. I t is the case 
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Fig. 6.2.4. : Kpnl digests of DNA from C57BL/Ka thymic lymphomas induced either d i rect ly by 4 x 
1.75 Gy of X-rays at weekly intervals ( l e f t pannel) or in non-irradiated thymuses which had been 
grafted subcutaneously in thymectomized, 4 x 1,75 Gy - irradiated hosts ( r igh t panel : 12 tumors 
with a novel 3.4 kb fragment, out of 15 investigated). The probe was ecotropic-specific (pEc-B4). 
The 3.4 kb fragment diagnoses a novel recombinant provirus. Lanes a and f : control C57BL/Ka 
thymus DNA. 
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however, the random localization of the 
provirus in the tumor cell DNA does not allow 
us to propose a known mechanism for its 
leukemogenic action. 

Another argument in favour of Kaplan's viral 
hypothesis is that leukemogenic activity is 
detected in extracts of thymic lymphomas 
resulting from the direct induction protocol 
(irradiation of intact, i.e. non thymectomized 
C57BL/Ka mice). We checked such lymphomas for 
the acquisition of the diagnostic Kpnl 
fragment described above, and found it to be 
present in one out of four investigated tumors 
(Fig. 6.2.4., left panel). We thus did not 
find a correlation between the appearance of 
this fragment and that of presumed virus 
particles endowed with lymphomagenic activity. 
However, the loss of random distribution of 
the provirus - when present - after tumor cell 
cultivation or transplantation suggests its 
possible involvement in processes related to 
increased mab'qnancy, such as metastatic 
behaviour. 

6.2.5. Radiation-i.iduced leukemia and related 
viruses and oncogenes 

B. Borremans, M. Janowski, J.M. Nuyten, R. 
Hooghe 

A novel non-viral messenger RNA was discovered 
in the large majority (90%) of virus-induced 
thymic lymphomas of the rat. As was 
demonstrated by hybridization with the viral 

U5 probe (Fig. 6.2.5.), its synthesis seems to 
be promoted by virus related sequences. 
Probably, activation of a cellular gene by 
adjacent - or nearly adjacent - insertion of 
retroviral sequences is involved in the 
generation of these tumors. Moreover, this 
gene may be supposed to participate to 
leukemogenic processes induced in mice, if not 
in other species including man, by radiation 
or other agents. 

To identify the new RNA transcript, we cloned 
the total cellular messenger RNA population in 
the form of in vitro synthesized complementary 
NA in an adequate bacteriophage, \ gtlO. To 
exclude the viral RNA-containing clones, the 
recombinant bacteriophages obtained were 
screened with two probes : U5 which detects 
the two viral mRNA's (8.3 KO and 3.2 kb) as 
well as the 2.5 kb mRNA of interest, and U3 
which detects only the two viral mRNA's. 

We selected 60 clones which were U5 positive 
and U3 negative (U3 positive clones contain 
unwanted viral sequences). By analysing those 
U5U3 clones, we found that most of them still 
carried viral sequences, presumably because 
the cDNA synthesis not always started on the 
polyA sequence, as would be expected 
theoretically. So, further screening was 
necessary to eliminate such clones. This was 
performed by molecular hybridization of the 
U5U3 clones with 5 different probes (indicated 
as A,B, C, D, E in Figure 6.2.5.) from 
different portions of the viral genome. 

PROVIRUS 
GENE X •4 ». 

U3 RU5 A B C D E U3 R U5 

VIRAL RNA 8.3 kb 
-I r - » W 

poly A 

* -
VIRAL RNA 3.2 kb 

-CZHw 
poly A 

XRNA 
15 kb 

-»\<V 
polyA 

Fig. 6.2.5. : Probes used to select c-DNA synthesized from provirus-promoted, cel lular RNA 
transcripts of a gene X. Only the recombinant bacteriophages positive after hybridization with U5 
and negative after hybridization with U3, A, B, C, D and E were retained. 
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Using this strategy, we selected 6 clones of 
interest, positive for U5 but negative for 
each of the viral probes. These recombinants, 
which hopefully contain a portion of the gene 
looked for, are presently used as probes in 
molecular hybridization to ensure they 
recognize the 2.5 kb novel nonviral mRNA of 
interest. 

The clones of interest will be used to 
localize and sequence the corresponding genes 
from both normal, virus-induced and 
radiation-induced tumor DNAs. From this 
information, i t will be possible to determine 
the mechanism of its activation in relation to 
radiation-induced leukemogenesis. 

6.2.6. The effect of prenatal or early 
postnatal irradiation on the immune response 

R. Hooghe, F. Vander Plaetse, J.R. Maisin, J. 
Patyn, I . Mertens, G. Urbain-Vansanten (U.L. 
Brussels), J. Urbain (U.L. Brussels) 

The long-term effects of prenatal and early 
postnatal irradiation on the immune response 
to arsonate were evaluated in A/J mice. 
Pregnant mice were irradiated (0.5 Gy, X-rays) 
or sham-irradiated on a single occasion during 
gestation (between day 5 and 18 post-
conception). Alternatively, newborn mice 
received the same treatment between day 2 and 
7 after birth. Mice were immunized with 
keyhole limpet haemocyanin-arsonate (KLH-Ars) 
in adjuvant from 2 months after birth. The 
levels of specific antibodies to arsonate 
(anti-Ars) were measured by radioinmuncassay. 
In addition, the Ars-related cross-reactive 
idiotype (CRIA) was measured by the 
haemagglutination technique. 

The immune response of normal A/J mice to 
arsonate is dominated by antibodies sharing 
common variable structures (or idiotype) as 
detected by appropriate antibodies (or 
antiidiotypes). 

In the -jrimary response, the titer of anti-Ars 
was Juced in animals that had been 
irradiated between day 12 and 15 of gestation. 
In the secondary response, in contrast, they 
had increased levels of anti-Ars. 

After immunization with KLH-Ars, high levels 
of CRÎ  were observed in all groups. However, 
1n mice irradiated 18-20 days after 
conception, the level of CRÎ  was often much 
higher than the level of anti-Ars, indicating 
thU a large proportion of the CRI^-positive 
rm, cules were not specific for Ars. Thus, in 
this particu'ar case, some specificity of the 
immune response was lost after irradiation. 
The expression of recurrent idiotypes may be a 

sensitive indicator of immunologic pertur
bations after irradiation. 

A similar study has been initiated in the rat 
in collaboration with H. Bazin (U.C. Louvain). 

6.2.7. Study of the behaviour of stem cells 
during the f i rst year of l i f e after postnatal 
irradiation 

L. de Saint-Georges, G.B. Gerber 

Euratom Contract BI0-16.0071-B 

Irradiated Balb/c mice, neonates and adults, 
were compared to non-irradiated mice for both 
a single dose (3.1 Gy) and a fractionated dose 
(1.1 + 3 Gy). The reticulocyte level response 
was then measured after a 3-day low pressure 
stimulation (350 mbar) at different times post 
irradiation (14, 30 and 90 days). 

The results demonstrate that reticulocyte 
reaction differs profoundly between adult and 
neonate mice. 

In adult mice a typical behaviour, with 
immediate damage followed by a repair phase, 
is seen during the acute period and a single 
irradiation has a more long-lasting depressing 
effect than a fractionated one. 

In neonate mice, irradiation results in an 
immediate greater ability of reticulocytes 
being shed into the blood stream. At later 
times, an increased reaction is maintained 
after a fractionated dose. The single exposure 
seems to have a greater depressing effect as 
compared to the fractionated one and the 
response is , this way, not higher than the 
response o' the non-irradiated mice. 

These results on regeneration of the 
erythropoietic marrow in neonetes could be 
explained by a preferential stimulation of 
erythropoiesis in irradiated neonates compared 
to irradiated adults. Indeed, earlier i t had 
been observed that the ratio erythroid to 
granulocytic types of spleen colonies 
increases in irradiated neonate mice up to day 
30. 

An other aspect which probably plays an 
important rôle in the difference between 
adults and neonates is the reaction of the 
stromal cells needed to maintain normal marrow 
function. Indeed, stromal cells of neonates 
are more radiosensitive than these of adults 
and an indirect stimulating effect on hemato
poietic stem cells via a damage of the stromal 
cells and a resulting marrow disfunction could 
better explain the opposite erythrocyte 
reaction between adult and neonate mice. 
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In order to confirm those results, we are now 
evaluating in the same experimental condition, 
the reticulocyte response in the C57BL mice 
stra in which was found more senstive to the 
low pressure stimulation. 

6.2.8. Polysaccharide-induced radioprotection 
of murine haematopoietic stem cel ls and 
increase the 50% lethal dose after 30 days 
(LD50/30) 

J.R Maisin, G. Mattelin 

We have recently reported that 3 part iculate 
polysaccharides (MNZ, GLP/B04 and GLP/B05) 
extracted from the yeast saccharomyses 
cerviciae and one soluble polysaccharide (MNP.) 
extracted form the yeast Rhodotorula rubra 
y ie ld in mice a dose reduction factor (DRF) 
for the Lethal Dose of 50 % after 30 days 
(LD50/30) of 2.16, 1.80, 1.94 and 1.93 
respectively when given intravenously 15 
minutes before exposure. 

Other authors have also reported that 
polysaccharides and in part icular glucan-F 
offered some degree of radioprotection for the 
LD50/30 days. These polysaccharides are most 
effect ive when administered 20-24 hours pr ior 
to i r rad ia t ion , and produced a maximum dose 
reduction factor (Dr>F) of 1.2. In a 
preliminary experiment we have tested on our 
Balb/c mice the protection offered by glucan-F 
for the LD50/3O days. Our results showed that 
glucan-F was also the most effect ive when 
administered 15 minutes prior to i r rad ia t ion. 
Experiments are in progress to confirm this 
observation and to test the a b i l i t y of 
polysaccharides to afford signi f icant and safe 
radioprotection when administered in 
combination with non toxic dose of sulfhydryl 
radioprotectors. 

6.2.9. Mode of action of radioprotective 
agents 

R. Hooghe, F. Vander Plaetse, J.R. Maisin, G. 
Haegeman (R.U. Gent), Y. Guizez (R.U. Gent), 
W. Fiers (R.U. Gent), J . Tavernier (Biogent), 
E. Montecino Rodriguez (v is i t ing sc ient is t , 
Univ. Strasbourg, France), S. Topalova 
(v is i t i ng sc ient is t , Sofia, Bulgaria) 

The mode of action of radioprotective agents 
is not understood. Mobilization of 
haemopoietit stem cel ls out of the bona marrow 
has been considered to play a role. 

We have investigated the effect of several 
glycans and cytokines on homing properties of 
lymphoma cells (used as indicator ce l ls ) . 
Glycans included radioprotective yeast 
extracts described above and the non-
radioprotective compound heparin. 

Cytokines included interleukin 1 ( IL -1) , 
gamma-interferon ( I FN) and tumor necrosis 
factor (TNF). 

Recombinant ( r ) I L - l (kindly supplied by A. 
Stern and P.T. Lomedico, Hoffman-La Roche, 
Nutley, N.J.) was used at 10,000 units per 
mouse. r-gamma IFN was given at 5,000 
units/mouse and r-TNr at 7.5 Mg/mouse. 

The recently reported radioprotective 
properties of IL-1 were confirmed in our lab 
on C57BL mice. 

Four to 72 h af ter intravenous inject ion of 
lymphoma ce l l s , radioact ivi ty is recovered 
mainly from the l i ve r and, to a lower extent, 
from spleen and kidneys. Pre-treatment of 
recipient mice with lymphokines 
( intra-per i toneal , 16-20 h before cel l 
transfer) had l i t t l e ( i f any) effect on the 
arrest of cel ls in major ( l i v e r , spleen, 
kidney) or minor sites (guts, bones, lungs and 
lymph nodes) as measured 4 or 24 h after the 
inject ion of BL/VL3 ce l ls . In contrast, 
radioprotective glycans (but not heparin) 
modified the arrest of injected cel ls in the 
spleen. 

We suggest that glycans prevent the arrest in 
the spleen of ce l l s , debris or molecules that 
compete with stem cells and impair 
haemopoietic restoration. 

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

J.R. Maisin, L. de Saint-Georges, M. Janowski, 
M. Lambiet-Collier and G. Mattelin 

Euratom Contract B16-0Û71-B 

Different factors of ? physical, chemical or 
biological nature in man's environment may act 
in combination with ionizing radiation giving 
r ise to larger effect thin expected from 
simple addi t iv i ty and this may pose d i f f i c u l t 
problems in protection. 

The l iver is a part icular ly useful model on 
which to study combined effects. 
Hepatocellular carcinomas can be readily 
induced by chemicals and by i r radiat ion and 
are precede^ by a variety of histochemically 
definable hepatocellular foci and adenomas. In 
spite of the advantages of the l i ver system i t 
has not been used wery much for the study of 
the po^s^M» interaction of i r radiat ion and 
chemie"' 

We have described br ie f l y in the previous 
report our programme of work and we havp given 
some preliminary results. 
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In this report we confirm that combined 
treatment of 0.3125 Mg/g or 5 Mg/g 
diethyl ni trosami ne (DEN) with 0.95 Gy or 2.58 
6y given 7 days before or after the 
administration of the drug were more effective 
in increasing the number of hepatic nodules 
when given before the administration of DEN 
(Table 1). This was part icular ly evident for 
the lowest DEN dose. The experiments are s*.i l l 
in progress. 

6.2.11. Very early cel lular effects of X-ray 
i r radiat ion in the adult brain ; an analysis 
of the reproductive cel l death 

H. Reyners, E. Gianfel ici de Reyners, L. 
Regniers, J.R. Maisin 

ed Euratom Contract B16-099-B 
/9 
58 Adult rats were cumulatively labelled using 4 
he injections of tritiated thymidine distributed 
ve over 12 days. The last injection tojk place 3 
es days before exposure to a focal irradiation of 
EN the brain with a single dose of 20 Gy 250 kVp 
or X-rays under deep anesthesia. Control animals 
11 were only treated with tritiated thymidine and 

the anesthetic agent. 

In the control rats, cellular proliferation was 
found particularly active (cumulative labelling 
index = 3 %) in a wide variety of primitive 
glial cell types but, 24 hours after 
X-irradiation, all the labelled cells have 
vanished nearly completely (95 % reduction) 
from the brain. 

Table 1 : Number of microscopic liver nodules and of hepatocarcinomas in mice killed at 6J or 73 
weeks of age 

Treatment and 
number of mice 

Controls 

DEN 5 Mg/g 

DEN 1.25 Mg/g 

DEN 0.625 Mg/g 

DEN 0.3125 Mg/g 

0.95 Gy + DEN 5 

2.85 Gy + DEN 5 

Mg/g 

Mg/g 

DEN 5Mg/g + 0.95 Gy 

DEN 5Mg/g + 2.8E 

0.95 Gy + DEN 0. 

DEN 0.3125 mg/g 

Gy 

3125 

(10) 

(4) 

(10) 

(10) 

(10) 

(10) 

(10) 

(10) 

(10) 

mg/g (10) 

+ 0.95 Gy (10) 

Number of 
microscopic nodules 

0,0,0,0,0 
0,0,0,0,0 

5,6,31,3 

12,13,14,4,11 
0,9,13,9,11 

0,2,0,0,2 
0,2,0,5,1 

4,3,0,1,0 
2,1,2,1,2 

18,32,18,32,25 
23,22,32,28,39 

35,24,12,10,3 
6,8,1,13,18 

18,19,8,21,23 
36,18,4,16,25 

5,12,21,23,17 
31,14,17,13,21 

29,10,5,7,5 
14,19,14,16,14 

0,0,0,0,0 
0,0,0,0,0 

Number of 
hepatocarcinomas 

0,0,0,0,0 
0,0,0,0,0 

5,6,5 93 

8,5,12,2,1 
0,0,6,4,4 

0,1,0,1,0 
0,2,0,0,0 

1,1,0,1,0 
1,1,1,0,2 

6,5,1,2,3 
0,6,7,9,3 

6,1,4,0,0 
0,5,0,6,1 

2,1,0,0,2 
515,3)8)5 

5,6,2,6,3 
10,6,1,5,1 

1,0,0,2,1 
2,0,0,0,0 

0,0,0,0,0 
0,0,0,0,0 

Significant statistical differences for the number of microscopic liver nodules were observed in 
particular between the following groups : 2 and 6 ; 5 and 10 ; 5 and 11 ; 6 and 7 and 10 and 11 
2nd for the number of hepatocarcinoma: between the groups 5 and 11. 
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This finding is in conflict with present 
knowledge about cell kinetics in the brain. 
Indeed, if 95 % of the labelled cells are 
killed by X-rays, this means that these cells 
do not leave the radiosensitive mitotic cycle 
after division. In such conditions, the number 
of dividing brain cells should be more than 10 
times larger than what is known from the 
literature. 

As an alternative hypothesis, it could be 
supposed that the brain cells die during the 
postmitotic differentiation process, a stage 
which is not generally considered as very 
radiosensitive. Such explanation would 
uniquely cope with 2 findings : 1) that the 
very few surviving labelled cells of the 
irradiated brain are all nearly mature glia 
cells. These had possibly enough time to 
efferent!ate between the thymidine labelling 
anj the irradiation exposure. 2) that all the 
beta astrocytes (labelled and unlabel led) 
disappear from the irradiated cerebral cortex 
without transforming into other cell 
categories (Reyners et al., 1982). The 
labelling index of these cells (the main stem 
cells of the grey matter) is however too low 
(1 1) to explain such destruction through the 
normal concept of the reproductive cell death. 

In conclusion, the study of the irradiated 
brain could lead to a new comprehension of the 
still poorly known regenerative capabilities 
of the adult brain. 

6.2.12. Very low dose neutron irradiation of 
the fetal brain 

H. Reyners, E. Gianfelici de Reyners, F. 
Poortmans, L. Regniers, J. Vankerkom, J.R. 
Maisin, R. Widera (CBNM), H. Liskien (CBNM) 

Euratom Contact BI0-16-0Û71-B 

Fetal rats were irradiated in utero at day 15 
post conception with very small doses of 600 
keV neutrons produced by the CBNM Van de Graaf 
generator. The animals were sacrificed at the 
age of 3 months and compared to matching 
controls. 

Brain weight measurements show a negative 
linear dose-effect relationship and the effect 
is significant (by covariance analysis) down 
to the dose of 2.5 cGy. The biological 
effectiveness of the 600 keV neutrons was 
found to be 6 times higher than the 250 kVp 
X-ray for such endpoint. However, brain 
weight represents a crude parameter due to its 
high variance, so we hope that careful 
tissular measurements shortly available will 
confirm the present tendencies. 

6.3. GENETIC EFFECTS OF RADIATION 

6.3.1. Persistence of chromosome aberrations 
in an accidentally irradiated person 

A. Leonard, Gh. Deknudt, E.D. Léonard (U.C.L.) 

Euratom Contract BI0-D-378-B 

Chromosome aberration analysis in peripheral 
blood lymphocytes is currently us.»d to assess 
occupational or accidental exposure te 
ionizing radiations and the dose is estimated 
by comparison with dose-response relationships 
obtained ±n vitro. Cytogenetic studies 
performed on Hiroshima and Nagasaki bomb 
survivors have demonstrated that 
radiation-induced chromosome aberrations can 
persist in the circulating lymphocytes for 
many years after exposure. Those results have 
been confirmed by observations on patients 
treated with X-rays for ankylosing spondylitis 
and on a limited number of accidentally 
irradiated persons who have been reexamined at 
intervals. We summarize, here, the cytogenetic 
observations made during 21 years on a person 
who received an acute accidental overexposure. 

The observations performed in Fontenay-aux-
Roses on 72 h cultures resulted in 77 
dicentrics per 100 cells one week after the 
exposure, 48 after three weeks and 30 after 9 
months. On 48 h cultures 63 dicentrics were 
observed after 9 months and 20 after two 
years. In our laboratory a very abrupt fall of 
dicentrics was seen between the 9th and the 
14th year but thereafter the decrease was very 
slow to disappear almost completely after 21 
years. A comparison between the present 
results and the observations reported in 
literature suggests that there exists a large 
individual variation with respect to the 
survival of lymphocytes carrying unstable 
chromosome aberrations. Repeated sampling 
performed after accidental over-exposure 
showed that the yield of unstable aberrations 
remained approximately constant over the first 
few weeks and then fell rapidly, but in some 
s jdies the initial plateau had a duration of 
about 20 weeks. Thereafter, the dicentric 
yield fell at a rate of about 43X per year 
during 4 years and, thereafter, the decline 
was about 14% per year. 

6.3.2. In vitro effect of therapeutic 
ultrasound waves on the frequencies of sister 
chromatid exchanges and chromosome aberrations 
in human lymphocytes 

G. Decat, A. Léonard 

In this investigation the effect of ultrasound 
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waves on the frequency of structural 
chromosome aberrations and Sister Chromatid 
Exchanges (SCr.s) was studied by exposing human 
lymphocytes to sonication parameters commonly 
used in medical therapy. The experiment also 
dealt with the proliferation rate of 
lymphocytes and hyperthermia factors that 
independently may be related to the 
application of ultrasound and which both are 
suspected to enhance the baseline of SCEs. 

Peripheral blood from 4 male donors was drawn 
into heparin containing tubes and immediately 
incubated at 37°C. Mixtures of 1 ml whole 
blood with 10 ml Hanks' Balanced Salt Solution 
(HBSS Gibco) were made at 37°C (body 
temperature) for sham exposures and ultrasound 
treatments respectively. For positive 
controls, a final concentration of 10"6 M 
mitomycin-C (MMC) was prepared by dissolving 
3.34 Mg MMC in 10 ml HBSS previously 
stabilized at 37°C. 

Sonications were carried out in the continuous 
wave mode (CW) by using a therapeutic Sonopuls 
407 unit (Enraf Nonius Delft) provided with a 
fixed frequency of 1 MHT and an intensity 
scale ranging from 0.5 to 3 W/cm2. 

- Chromosome aberrations 

The frequency of first mitosis in 7ynphocyi.es 
cultured for 42 h ranged from 99 to 100Ï for 
all treatments. Since the c.ironiosome 
aberrations (only gaps) of sham exposed cells 
and ultrasound treated cells were Poisson 
distributed (p > 0.99 ; X2-dispersion test), 
the likelihood ratio test for multiple 
comparison between the chromosome aberrations 
obtained at each intensity level and the 
controls revailed no significant differences 
(p > 0.25). 

MMC induced mostly gaps and breaks and on the 
average a five-fold increase of the mean 
background level of abnormal ceils was 
observed. 

- SCE frequency 

Exposure of cells to MMC increased the yield 
of SCEs from 2.5 to 3.6 times above the 
baselines. 

The frequency of SCEs passed throughout a 
steep-value at an ultrasound intensity of 2 
W/cm2. This phenomen was observed in all 
donors and in 75 % of the cases the increase 
(p < 0.01, Mann-Whitney test) was calculated 
to be significant at 2 W/cm2 as compared to 
sham exposures. The application of 1 W/cm2 did 
not influence the baseline and in one donor the 
baseline was significantly enhanced at 3 W/cm2 

(p < 0.01). 

There was no correlation between hyperthermia 
and the SCE frequency. 

- Cell kinetics 

When the data of the 4 donors were pooled, the 
frequency of first mitosis (Ml) observed in 
sham exposed cells was slightly but 
significantly smaller (X2-test) than in cells 
treated with 1 W/cm2 (p < 0.05) and 2 W/cm2 (p 
< 0.05) respectively. The response to the 
stimulation by the mitogen was much more 
delayed after application of 3 W/cm2 (p < 
0.01) as compared to the controls. The 
incidence of Ml-cells obtained at 1 V/cm2

 was 
not different (p > 0.25) from those obtained 
at 2 W/cm2, but a significant higher yield of 
Ml-cells was observed at 3 W/cm2 as compared 
to 1 W/cm2 (p < 0.05) and 2 W/cm2 (p < 0.05) 
respectively. On the other hand, there was no 
correlation between the cell kinetics 
expressed as replication index (RI) and the 
mean SCE frequency both obtained after the 
application of the different intensity levels. 

6.3.3. Studies on the particular G2-arrest 
induced in mouse embryos by X-ray irradiation 

P. Jacquet, S. Grinfeld (bursar EEC) 

Euratom Contract B16-C-069B 

We have previously shown thar: X-ray 
irradiation of the mouse zygote induces two 
types of effect : 1) embryonic development may 
occur quite normally up to the morula stage, 
at which a high mortality occurs (= "delayed 
mortality") ; 2) in the BALB/c strain, many 
embryos undergo directly a very important 
G2-arrest, becoming blocked at the one-cell 
stage for one entire cell cycle, whatever the 
dose applied (= "one cell block"). Embryos 
dividing after the G2-arrest die generally 
during the subsequent stages, very few being 
able to reach the blastocyst stage. When added 
in culture at the time of normal first 
division, caffeine is able to suppress the 
X-ray induced G2-arrest. The G2-arrest 
represents a major problem in radiobiology. It 
has been found in most irradiated cell types, 
although at a considerably lesser extent than 
in BALB/c mouse embryos. Extensively studied 
since about 30 years, it is, however, not yet 
clet ly understood. 

We performed important cytogenetic studies to 
compare the levels and the types of chromosome 
aberrations in er.ibryos undergoing a delayed 
first division, and those cleaving at the 
right time, either under the influence of 
caffeine or not. 

Our results showed that normally dividing 

http://7ynphocyi.es
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BALB/c embr^s irradiated at 4 or 7 hours 
after superovulation have relat ively similar 
levels of chromosome aberrations, while these 
irradiated at 10 hours after superovulation 
have s igni f icant ly less. In previous 
experiments, we have found that delayed 
mortal i ty occurring at the morula stage was 
high af ter i r radiat ion at the two ear l ier 
times and much lower after i r radiat ion at the 
last time. These observations confirm the 
general assumption that delayed le tha l i ty in 
irradiated preimplantation embryos is 
essentially due to chromatin loss occurring 
during successive divisions subsequent to 
chromosome breakage. On the other hand, we 
found that , a f ter equivalent treatment, 
blocked embryos dividing after G2-arrest have 
s igni f icant ly more chromosomal damage than 
normally dividing embryos. Furthermore, 
irradiated embryos which were forced to cleave 
at the r ight time by incubation with caffeine, 
also showed considerable chromosome damage. 
This suggests a correlation between G2 arrest 
and the presence of chromosome aberrations. 
However, as pointed out above, BALB/c embryos 
irradiated at 4 hours after superovulation 
have high levels of aberrations, without 
undergoing any mitot ic delay, while those 
irradiated at 10 hours after superovulation, 
are very susceptible to the G2-arrest, but 
have s igni f icant ly less chromosome damage. In 
addit ion, some blocked embryos show no v is ib le 
chromosome aberrations. Complementary 

experiments on irradiated Fl embryos not 
susceptible to G2-arrest also led us to 
conclude that chromosome damage in mouse 
embryos is probably not a d i rec t , or at least 
not the only cause for G2-arrest. Our 
observations also showed that t r i p l o i d embryos 
(= 3 haploid pronuclei at the time of 
fe r t i l i za t i on ) are preferential ly blocked, 
suggesting that the nuclei contain the target 
for the X-ray induced G2-arrest. 

6.4. TOXICITY OF RADIONUCLIDES 

6.4.1. Toxicity of technetium in plants 

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

Large plant ce l l s , such as the unicel lular 
marine algae Acetabularia, permit to study 
easily the toxic effects of radionuclides at 
the cel lular and subcellular levels. 
Increasing concentrations of technetium-99 (a 
beta emitting radionuclide, wnich decays to 
stable ruthenium-99) were supplied to 
vegetative cel ls in order to study their effect 
on the morphological d i f ferent iat ion (cap 
formation). In addit ion, the effect of 
technetium-99 on the reproductive process 
(cyst formation) was also investigated. A 

preliminary analysis of the results shows that 
the reproductive capabil i ty of Acetabularia is 
inhibited only by re la t ive ly high 
concentrations (> 20 Mg ml"*) of this 
radionuclide. However, large cysts, similar to 
those previously found af ter an X-ray 
i r radiat ion (1 ,2) , were observed in 
Acetabularia cel ls to which technetium-99 was 
supplied. 

(1) Liittke, *.. and S. Bonotto, Mar. Ecol. 
Prog. Ser., 5 (1981) 107. 
(2) L'dttke, A. and S. Bonotto, Planta, 155 
(1982) 97. 

6.4.2. Toxicity of technetium in mammals 

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

Euratom Contract B-16-0040-B 

Technetium released into the environment can 
attain mammals in various chemical forms 
pertechnetate in drinking water or deposited 
on the surface of vegetables and forage 
plants, or technetium bio-incorporated into 
plants and associated with various plant 
constituents. In addition to being influenced 
by chemical speciation in the d ie t , technetium 
absorption, metabolism and retention in 
mammals is modified by the treatment, the 
alimentary bolus undergoes during i ts transfer 
through the gastro-intestinal t rac t . This 
behaviour di f fers markedly between poly- and 
monogastric animals. 

The fate of " m Tc given to rats - as an 
example of monogastric animal - and sheep - as 
an example of polygastric animal - was 
followed after intravenous and oral ( i . v . and 
p.o.) administration of Tc04" and feeding with 
Tc bioincorporated into maize. 

I t was surprising to observe that after i .v . 
in ject ion, excretion by sheep occurred mainly 
by the way of feces (84% of the administrated 
dose) while in rats this route accounts for 
3U only. This suggests that an important part 
of the incorporated Tc is excretea in the 
digestive tract by the way of saliva of which 
the rate of secretion is very important in 
ruminant. I f this is t rue, excretion by the 
way of urine does not provide, especially in 
ruminants, a good image of the absorption of 
Tc in the body. 

From the excretion patterns obtained for both 
animal species, several metabolic components 
could be discerned. A component of very short 
h a l f - l i f e in urine suggests that newly 
absorbed Tc is more readily excreted than that 
already bound by tissues. Highest tissue 
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concentrations were found in the thyroid. 
Retention of technetium was however most 
pronounced in bone and skin. Hair contains 
considerable amounts of Tc and may be used as 
a bio-indicator of Tc contamination. 

6.4.3. Comparison of damage from internal 
alpha irradiation to the heropoietic and 
stromal system in adult and pre- and postnatal 
animals 

R. Van Den Heuvel, E. Mathieu, G. Schoeters 

Euratom Contract B16-C-081-B 

Pregnant Balb/c mice /tere injected with 500 
kBq Z41Am citrate/kg at 14 days of gestation. 
The Am retention was measured in the 
offspring between one day after injection 
until 3 months after birth in liver, skeletal 
parts : femur, calvarium, mandibula and ribs 
and in the gastro-intestinal tract. 

After contamination of pregnant mice with 
241Am, O.OZS of the 241Am is transferred 
through the placenta to the foetus. In the 
foetus, "^Am concentrated in the liver and 
skeleton. The Am concentration in the skeleton 
varied considerably between various parts e.g. 
mandible and calvarium showed a 5-fold higher 
':,1Am concentration compared to the femur. The 
initially observed differences are due to 
different Ca concentrations in the bones. The 
higher the Ca concentration at the time of 
contamination, the higher the amount of Z41Am. 
The fractional retention in the liver remains 
constant till one month of age. The 241Am 
retention pattern is different among the 
considered foetal bones. The 241Am 
concentration will decrease rapidly in the 
bones which have the greatest weight increase. 
Am transfer through lactation results in a 
final increase in Am content by a factor of 3. 
The supplementary incorporation due to 
lactation occurs in the skeleton. The maximum 
dose rate (8.4 x 10 Gy/day) is received at 
15 days of gestation. The abso ed dose in the 
organs within 3 months after injection is very 
low (e.g. 1.6 x 10"2 Gy and 1.7 x 10"2 Gy in 
respectively liver and femur of non-fostered 
mice). 

Comparison of Am distribution in the foetus 
after injection of the dam and in the adult 
after injection at adult age demonstrate that 
Am distribution in the foetus differs from Am 
distribution in the adult. The foetal liver 
incorporates proportionally less Am and does 
not loose its Am rapidly after injection as 
occurs in tha adult liver after Injection at 
adult age. Am distribution and retention 
between various skeletal parts is much more 
heterogeneous in the foetus than in the adult, 

reflecting perhaps differences in growth rates 
and metabolic events among various skeletal 
bones. 

6.5. RADIOACTIVE CONTAMINATION OF THE 
ENVIRONMENT 

6.5.1. Uptake of technetium-95m by unicellular 
and pericellular marine algae 

S. Bonotto, D. van der Ben (Brussels), F. 
Capot,' V. Robbrecht (Antwerp), M. Cogneau 
(Louvain-la-Neuve), J.M. Bouquegneau (Liège) 

Euratom Contract B16-0049-B 
BTK Project 20516 

Twelve species of unicellular and 
pericellular marine algae, grown in the 
laboratory or collected along the coast, were 
utilized for determining their capability of 
accumulating technetium-95m (a gamma emitting 
radionuclide, which decays to stable 
molybdenum-95) under artificial conditions. 
Generally, green (Chlorophyceae) and red 
(Rhodophyceae) marine algae incorporated much 
less technetium-95m than the brown ones 
(Phaeophyceae). in which high concentration 
factors (CF. up to 12,000 in the species 
Fgcus serratus) were found. Among the green 
algae, however, two species, Acetabularia 
acetabulum and Bryopsis hypnoides, are an 
exception, being capable of accumulating this 
radionuclide (CF. > 300). The main factors 
(light, temperature, etc.), which could 
interfere with technetium uptake, are being 
investigated mainly in the brown marine algae 
Fucus serratus and Fucus spiralis. 

6.5.2. Determination of technetium-99 in the 
marine organisms of the Belgian coast 

C. Hurtgen, G. Koch, D. van der Ben 
(tfrussels), S. Bonotto 

Euratom Contract B16-0049-B 
BTK Project 20516 

During the first semester of 1987, the brown 
algae Fucus spiralis (Fucales) was again 
collected at four different places 
(Nieuwpoort, Oostende, Blankenberge and 
Zeebrugge) along the Belgian coast and cut 
into apical, middle and basal part for 
determining the level of technetium-99 by 
radiochemical analysis. This investigation 
should confirm the usefulness of marine algae 
as bioindicators of the radioactive 
contamination of the Belgian coast. A paper on 
this topic is in press (1). 

(1; Hurtgen, C , G. Koch, D. van der Ben and 
S. Bonr ,to, The determination of technetium-99 
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in :he brown marine alga Fucus spiralis 
collected along the Belgian coast. 5th 
Sympcsium on Environmental Radiochemical 
Analysis, AERE Harwell, U.K., October 1-3, 
1986. 

6.5.3. Radiological surveillance around 
nuclear power plants 

E. Van Gelder-Bonnijns, R. Kirchmann 

Contract with the Ministry of Public Health 

The programme on radiological surveillance 
around the nuclear power plants was continued 
in a satisfactory way as in 1986. Numerous 
samples (plants, animals and sediments) were 
collected in the places chosen for Doel, 
Tihange, Chooz and Gravelines, and prepared 
for gamma spectrometry and radiochemical 
analysis. A report on previous work, prepared 
with the Ministry of Public Health, is now in 
press. 

6.5.4. Investigation on the origin of organic 
tritium present in the effluents from nuclear 
power plants 

S. Bonotto, R. Kirchmann, E. Fagniart, M. 
Mergeay, M. Meurice-Bourdon (Liège) 

Organic tritium present in the liquid effluents 
from nuclear power plants of the PWR type might 
originate from : 1) degradation of water 
purification resins (1) ; 2) biosynthesis of 
tritiated organic molecules by microorganisms. 
The red yeast, found in the primary cooling 
system of the BR2 reactor, was further used to 
study the incorporation of tritium from 
tritiated water (HTO) into organic form, 
organically bound tritium (OBT). Column 
chromatography of labeled yeast cells extracts 
revealed the presence of organic molecules, 
most of them having a low molecular weight. In 
addition, it was found that only a very small 
amount of tritiated material is excreted by the 
cells into the surrounding medium. These 
preliminary results suggest that microorganisms 
could contribute to the formation of OBT 
present in the effluents. 

(1) Kirchmann, R. et al., Radiation Protection 
Dosimetry, 16 (1986) 45. 

6.5.5. Impact of the Chernobyl accident on the 
marine ecosystem 

S. Bonotto, J. Colard, C. Hurtgen, P. Mathot, 
D. van der Ben (Brussels) 
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Fig. 6.5.5. : Gamma-ray spectrum of the brown alga Fucus spiralis (basal fragment) collected along 
the Belgian coast in summer 1986, showing several radionuclides from the Chernobyl fallout, as 
well as 'Be, 58Co, 60Co and 40K. 
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Since brown marine algae are good 
bioindicators of the radioactive contamination 
of the coastal areas, samples of Fucus 
spiralis were collected along the Belgian 
coast after the Chernobyl accident (summer 
1986) and analysed by gamma spectrometry. The 
spectra showed the presence of several 
radionuclides due to the Chernobyl fallout 
(Fig. 6.5.5.), which were detected not only in 
Europe but also in the United States (1) and 
in Japan (2). The following radionuclides were 
found : " 4 C S t 137Cs> Ùl^ 103Ru> 106Ru> 

95Zr, 95Nb, 135Sb and U O m A g . In addition, the 
samples contained 4^K, 7Be, which is from 
cosmic origin, and ^ C o , which probably 
originated from reprocessing plants. In one of 
the samples traces of 5 Co were also detected 
(Fig. 6.5.5.). These results show that, in 
spite of the expected dilution of the 
Chernobyl fallout into the sea, some 
radionuclides were incorporated and retained 
by the brown alga. 

(1) Bondietti, E.A. and J.N. Brantley, Nature, 
322 (1986) 313. 
(2) Aoyama, M. et al.. Nature, 321 (1986) 819. 

6.5.6. Tritium and carbon-14 in the soil-plant 
environment 

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

Euratom Contract B-16-0040-B 

Under routine or accidental conditions, 
Lritium is released to the atmosphere from 
nuclear installations either in elementary 
form or as water vapour and is incorporated in 
plant material in the form of tritiated water 
and organically bound tritium (OBT). 
Elementary tritium (HT) has generally been 
considered as less critical than tritiated 
water (HTO). However, it has been reported 
that HT could be taken up by plants and enter 
the food chain to a higher extent than 
previously expected. 

In order to compare the incorporation of 
tritium in various olant species exposed to 
elementary tritium tr tritium oxide (water 
vapour), experiments were carried out in two 
closed plastic greenhiuses (volume of about 48 
m3) installed in the field. HT and HTO 
concentrations in the atmosphere of the 
greenhouse were monitored by continuous 
sampling of air. HTO present in the air was 
first trapped by bubbling in ethyleneglycol 
(three successive uubblers), then the air was 
passed through a furnance (600° C) with Pd 
catalyst, in which HT waz oxidized to HTO and 
HTO formed was trapped by bubbling in 
ethyleneglycol (three other successive 

bubblers). After 4 hours exposure te HT or HTO 
vapour, tritium contamination levels as HTO and 
OBT was measured in different tissues of -*ize, 
potato and rye grass and the evolution of the 
contami-ition levels was followed up to 20 days 
after exposure. HTO in soil and plant samples 
was obtained by distillation of the sample 
water under toluene while OBT was converted in 
HTO by combustion of oven dried samples and the 
combustion water trapped in a cold trap. Core 
samples of bare soils were also collected and 
analysed for their HTO content in different 
layers. 

The results obtained show that tritium gas 
diffuses deeper in the soil than HTO and is 
very efficiently oxidized to produce tritiated 
water, so that after dispersion of the 
atmospheric radioactivity, the tritiated water 
of the soil will provide a source of 
contamination for plants. 

The evolution pattern of HTO content in the 
various plant species is similar regardless of 
the tritium form provided : immediately after 
exposure, the HTO concentration is higher than 
the OBT concentration but falls more rapidly 
so that after 20 days, it has decreased below 
the OBT level. Leaves contain initially more 
HTO than stems but, with time, the ratio is 
reversed due to the contribution of the soil 
water activity. 

After HTO exposure, OBT concentration in 
leaves of maize represents about 1/30 of the 
HTO concentration shortly after exposure ; it 
falls rapidly with a half-life in the order of 
10 days. Stems contain initially less OBT than 
leaves but loose it more slowly. OBT 
concentration in potato leaves is initially 
higher compared to that of maize leaves but 
decreases with a shorter half-life than in the 
case of maize. 

After HT exposure, OBT concentration in maize 
and potato leaves is about one fifth of that 
observed after exposure to an equal amount of 
tritium water vapour but changes very little 
with time. OBT concentration in potato stems 
and very markedly in tubers increases with 
time. 

It can be concluded that exposure to tritium 
gas may result in as much or more long-term 
transfer of tritium into plants and in the 
subsequent food chain. 

6.5.7. Comparative study of the continental 
waters of the Meuse and Rhone basins 

C. Vandecasteele, R. Kirchmann, E. 
Bonnijns-Van Gelder 
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EuraLom Contract B16-0Q40-B 

Studies on the transfer of radiocaesium in an 
experimental food chain water - green alga 
(Scenedesmus obliquus) - mussel (Dreissena 
polymorpha) - fish (Barbus barbus) has been 
carried on. Studies on the Cs contamination of 
mussels directly by water and indirectly 
through the food chain (mussels fed with 
contaminated algae) was completed in 1986. In 
both cases a steady state is reached after 2 
to 4 days (Fig. 6.5.7.), however the 
distribution of the activity between flesh and 
shell depends on the contamination pathway : 
when the activity is provided in the water, 
17? of the total activity taken up by the 
mollusc is recovered in the flesh but, when 
the Cs is provided by the food, 34% are 
accumulated by the edible parts. The transfer 
factors are of about 230 and 40 Bq/gramme dry 
weight (gdw)/Bq/ml for flesh and shell 
respectively when the contamination is given 
in water ; when the activity is administered 
through the food, transfer factors are of 
about 4.10"3 and 4.10"4 Bq/gdw/Bq/gdw algae 
for flesh and shell respectively. In the case 
of contamination by both water and food, it is 
observed that contaminated food accounts for 
about 70% of the contamination of the edible 
parts of mussels. Excretion of Cs accumulated 
by mussels has also been studied after 
contamination by water or yja the food. Two 
compartments are distinguished for flesh and 
shells. Biological half-lives calculated for 
shells are of 4 hours and 10 days for the two 
compartments respectively, regardless of the 
contamination pathway. For flesh excretion 
rates depend on the way the activity is 
provided : after contamination by water the 
half-lives are of 10 hours and 17 days while 
after contamination y_[a the food chain they 
reach 10 hours and 3.7 years. Hal f-lives in 
both compartments are higher for flesh than 
for shells and excretion rate from the second 
compartment in flesh is 80 times slower when 
contamination is due to the food than when it 
comes from water. 

Contamination of fish directly by water and 
via the food was also investigated. In the 
case of the water pathway, an equilibrium 
activity is reached in fish after 250 days and 
the transfer factor is of about 
36 Bq/gdw/Bq/ml. Most of the activity is found 
in the muscles (FT - 65 Bq/gdw/Bq/ml) 
representing 25% of the total activity of the 
fish ; skin, fins account for 35% of the Cs 
incorporated and show a transfer factor of 
about 20. 

When the activity is provided by the food 
(contaminated mussels), about 3 years are 
needed before a steady state can be achieved ; 

the concentration factor has been estimated at 
about 6 Bq/gdw/Bq/gdw mussels. Highest 
concentration levels are observed in organs of 
the digestive tract. In this case, skin and 
fins contribute mostly to the total 
contamination (40%), the head and muscles 
account for 20 and 15% respectively. 

From these results it can be concluded that 
for an accidental release of Cs in water, 
water will be the critical pathway for fish 
but in the case of routine releases, the food 
will contribute mostly to the contamination of 
fish, accounting for more than 2/3 of the 
total intake. 
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Fig. 6.5.7. : Time evolution of the 
contamination of the edible parts of mussels 
exposed to 1 3 4Cs both from water and food 
(contaminated green algae) 

6.5.8. Environmental behaviour of the 
radionuclides from the Chernobyl accident 

E. Fagnlart, R. Kirchmann, C. Vandecasteele 

The contamination by radionuclides deposited 
by the Chernobyl fallout on several conifer 
species of the woods surrounding the Belgian 
Nuclear Establishment (SCK/CEN) was studied. 
134Cs and 13'Cs activity measurements were 
performed on various parts of trees sampled 
between October 86 and June 87 at three 
stations where soil samples were also 
collected. 

The results show significant differences 
between the contamination level of the bark of 
Picea and Pinus due to the conifer species as 
well as to the orientation of the sector 
samples ; the bark sector of Pinus exposed to 
the West were the most contaminated ones. The 
contamination lev°l of the wood (trunk) is at 
least one order of magnitude lower than the 
one of the bark. In spring 1987, samples of 
Pinus silvestris show the following 
distribution of r34Cs (Bq/kg dry weight) : 
pollen 148,-sprigs 91, cones 62 and buds 44. 
By comparison the cones produced in 1986 are 
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ten times less contaminated. The iJHCs 
contents of the annual sprigs sampled in 
spring 1987 vary from 21 Bq/kg to 91 Bq/kg 
depending on the plant species, the decreeing 
levels being Pi nus > Taxus > Thuya > 
Chameacyparis. The measurements of ti.e soil 
samples indicate a ratio ^ ' C s / ^ C s , 
corrected for the decay of both radiocaesium, 
higher than 2 (the ratio calculated in the 
cloud at deposition time) due to 137Cs 
resulting from the weapon tests fallout. 

6.5.9. Bioavailability of transuranium 
nuclides in aquatic environments 

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

In former experiments, the bioavailability 
e.g. the uptake, the retention and the organ 
distribution of 4*Am was studied in 
freshwater animals esp. in the crayfish 
Astacus leptodactylus. The water quality 
parameters were seen to determine the 
speciation of *41Am and thereby its biological 
uptake. Water quality characteristics which 
appeared to be important are pH, HC03, CO3 and 
natural organic acids. 

Although Cm, as Am, is a potentially important 
long-lived radioactive waste product, l i t t l e 
research has been conducted on its geochemical 
behaviour in freshwater systems. I t is 
generally expected that Cm behaves like Am in 
aquatic environments. 

We recently studied the adsorption behaviour 
of Z4^Cm under laboratory conditions in 
sediment-freshwater systems. The sediments 
were collected from different freshwater ponds 
and were added to water of different pH and 
ionic strength. The adsorption of added Cm 
on the sediments was measured and followed in 
time. Partition coefficients (Kd 
radioactivity per kg of sediment/radioactivity 
per l i ter water) ranged from 4 x 10"' to 4 x 
l u " 4 . 

The results indicate that curium, like Pu and 
Am adsorbs strongly to suspended sediments 
with resultant Kd values in the range of 1 0 . 
However, one sediment-type used displayed a 
definitely lower adsorption (Kd = 4 x 10"*), 
thus illustrating a higher portion of Cm 
remaining in solution. Future experiments will 
study the bioavailability of this portion in 
relation to its speciation in the water 
column. 

6.6. NON-RADIOACTIVE CONTAMINATION OF THE 
ENVIRONMENT 

6.6.1. Ecophysiology of acid stress in aquatic 
organisms 

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

Euratom Contract ENV-836-B 

An international symposium on "Ecophysiology 
of acid stress in aquatic organisms" was held 
in Antwerp from 13-16 January 1987. This was 
organized by the Belgian Royal Zoological 
Society in collaboration with the Belgian 
Nuclear Research Centre (0. Vanderborght : 
Chairman ; H. Witters : scientific secretary), 
the Commission of the European Communities 
(DGXII, Cost 612) and SCOPE Belgium. The 
proceedings (40 papers, 101 authors, 472 
pages) were published as a supplement of the 
Annls. soc. r. Zool. Belg., vol. 117 (1987), 
and referenced in "Science Citation Index". 

Very recent results of field and laboratory 
studies on ecophysiology of acid stress to 
aquatic organisms were presented at the 
symposium. During the discussions, gaps of 
knowledge and research priorities were agreed 
upon. I t was concluded that the knowledge on 
the ecophysiology of acid stress to the 
organisms, is inadequate to understand the 
responses at the ecosystem level. A more 
detailed understanding of the physiological 
basis of acid stress could improve the abi l i ty 
to predict the impact of acidification as well 
as the reversibility of acidification. 

Further experimental work gave evidence that 
the blood Al-content in Al-exposed fish was 
significantly higher compared to fish exposed 
to acid or control conditions. Therefore 
experiments were set up to study the internal 
or external toxicity of Al in acid-exposed 
fish. 

I t was observed that higher blood Al-levels, 
induced by intravenous injection of Al, caused 
no physiological disturbances compared to 
externally Al-exposed fish. In the latter case 
a decrease of the plasma ;on concentrations 
(Na, CI) , an increased whole body ion loss 
(Na, CI) and an increased haematocrit value 
was measured. I t was concluded from these 
experiments that the cause of Al-toxicity can 
be situated at the outer side of the g i l l 
surface, rather than via internal toxicity 
after Al-uptake into the blood stream. 

6.6.2. Impact of heavy metals on the marine 
ecosystem 

S. Bonotto, S. Puiseux-Dao (Paris), C. Karez 
(Villefranche-sur-Mer), M. Roméo (Villefranche-
sur-Mer), D. van der Ben (Brussels) 

Heavy metals (cadmium, zinc, etc.) are chemical 
pollutants which might interfere with l i fe in 
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the aquatic ecosystems. Marine organisms 
(plants and animals) are used to study their 
uptake, distribution and transfer along the 
food chains. Experiments were done, mainly with 
marine algae, to know to which extent cadmium 
and zinc are taken up and metabolized by these 
plants. Preliminary results obtained by 
chromatographic analysis and autoradiography 
(using the radioactive tracers 109Cd and 6 5Zn), 
indicate that these two heavy metals enter the 
cells, where they form complexes with low 
molecular weight organic molecules. The 
toxicity of cadmium is being studied, mainly by 
using giant cells, in which the biological 
effects are easily detectable. 

6.7. STUDY OF INTEGRATION, REPLICATION AND 
BIOLOGICAL EXPRESSION OF rjREIGN DNA 
ADMINISTERED TO DIFFERENT ORGANISMS 

6.7.1. Physical map of Tn4378, Tn4380 and Ccz* 
fragment from Alcaligenes eutrophus CH34 

L. Diels, M. Mergeay 

The facultative chemolithotroph, Alcaliqenes 
eutrophus CH34 was found in polluted sediments 

of a zinc factory and displays plesmid bound 
resistance to cadmium, cobalt, mercury, nickel, 
zinc and copper ions. Resistance to heivy 
metals is carried by two large transferable 
plasmids : pM0L28 (165 kb ; resistance to 
nickel, cobalt and mercury), and pM0L30 (240 kb 
; resistance to cadmium, cobalt, zinc, copper 
and mercury). Resistance to Hg is controlled in 
both plasmids by a Hg-transposon (Tn4378 (8.9 
kb) and Tn4380 (9.1 kb) respectively). 
Transposons and plasmids were compared by 
hybridization techniques and physical maps were 
constructed. Fig. 6.7.1. shows the physical 
maps of both Hg-transposons and of 
fragment called Ccz+ and governing 

to CdT CoT and Zn 

a 9 kb 
for the 
ions in resistance 

pM0L30. 
In the case of the two Hg-transposons, four 
regions hybridize with each other ; a region 
between Narl and BamHI, a region on the other 
site of BamHI and two EcoRI fragments 
indicated B and C. The first two regions 
hybridize also respectively with the merA 
(Hg-reductase) and merRTP (regulation, 
transport, periplasmic protein) of Tn501 
(Tn501 is the best known mercury transposon). 
The fragments B and C seem to correspond 
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Fig. 6.7.1. : The physical naps of the mercury transposons Tn4378 and Tn4380 are presented in the 
upper part. The Ccz+ fragment is shown in the lower part. The following restriction enzymes were 
used : BamHI (B), EcoRi (E), Hind III (H), PstI (P), Sail (S), Kpnl (K) and Xhol (X). 
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respectively with the transposase (TnpAj and 
the resolnase (TnpR) of Tn501. 

At both ends of the Ccz+ fragment, there is a 
Smal EcoRI fragment of 0.4 kb. These fragments 
(called X and Y) could contain (inverted or 
direct) repeated sequences. A Tn5 insertion in 
the beginning of ccz+ near the Y fragment 
makes the system sensitive to Cd, Co and Zn, 
which suggests that Tn5 is inserted in a 
regulatory region. 

The use of the Hg transposons Tn4378 and 
Tn4380 and the Ccz fragment as probes can 
lead to the direct identification of heavy 
metal resistant bacteria in ecological studies 
of industrial or natural polluted soils. Much 
attention will be paied to the construction of 
probes for detecting resistances te Ni, Cu, Co 
and other metals. 

6.7.2. Microbial degradation of chlorinated 
biphenyl 

D. Springael, S. Kreps, M. Mergeay 

During one year of selection,mixed and 
purified cultures were obtained by enrichment 
procedures on biphenyl and 4-chlorobiphenyl 
from PCB-contaminated soils. 

Until now, six purified strains were isolated. 
Two of them were identified as Moraxella sp., 
three as Acinetobacter sp. and one as a 
gram-positive rod. They grow on biphenyl and 
4-chlorobiphenyl and conretabolize 
3-chlorobiphenyl, 2,4,5-trichlorobiphenyl and 
4,4'-dichlorobiphenyl with the production of 
brown and yellow rr.etabolites. 

Growth of these purified isolates on different 
aromatics like m- and p- hydroxy-benzoTc acid, 
3,4- and 2,5- dihydroxy-benzoTc acid leads to 
the identification of a possible pathway (Fig. 
6.7.2.a.). 

Biphenyl degradation rate 
Acinetobacter strains is ca. 

of one of 
37 microgram ml 

the 
-1 

day"1 while this strain can degrade at least 
10 micrograms of 4-chlorobiphenyl in a 
(Fig. 6.7.2.b.) . 
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Fig. 6.7.2.b. : Incubation of 1000 ppm biphenyl 
during 11 days on 30 °C by Acinetobacter sp. 
and analysed by HPLC. (a) control without 
bacteria ; (b) with bacteria. 
After incubation 560 ppm remained of biphenyl. 

Incubation of 10 ppm 4-chlorobiphenyl during 1 
day on 30 °C by Acinetobacter sp. and analysed 
by HPLC. (a) control without bacteria ; (b) 
with bacteria. 4-chlorobiphenyl was completely 
metabolized. 
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Fig. 6.7.2.a. : Possible pathway of biphenyl degradation by our purified strains. 
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Until now, we could not detect plasmids in any 
of the pur i f ied strains with d i f ferent well 
known extraction procedures. 

A very interesting mixed culture is S 2.7. 
This culture shows a very high growth rate on 
biphenyl and 4-chlorobiphenyl with the 
production of free chloride ions. This 
suggests a total mineralization of 4-chloro-
biphenyl. The average degradation rate is ca. 
45 microgram ml " 1 day"1 for biphenyl and 73 
microgram ml" 1 day"* for 4-chlorobiphenyl 
(Fig. 6.7.2.C.). Unti l now.we couldn't isolate 
pur i f ied strains able to grow on 4-chloro
bi phenyl from this culture. 
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Fig. 6.7.2.C : Incubation of 1000 ppm biphenyl 
during 11 days on 30 °C by S 2.7. (a) control 
without bacteria ; (b) with bacteria. After 
incubation 435 ppm remained. 

Incubation of 1000 ppm 4-chlorobiphenyl during 
7 days on 30 °C by S 2.7. (a) control without 
bacteria (b) with bacteria. After incubation 
400 ppm remained. 

6.7.3. Transfer of broad-host range plasmids 
to sulphate-reducing bacteria 

B. Powell (on leave from Napier College, 
Edinburgh, Scotland, U.K.), M. Mergeay 

The broad host range IncQ plasmid R300B 
resistances to Streptomycin (SmR) and 
sulfamides (Su") has been stably transferred 
to two strains of sulphate reducing bacteria 
(SRB) : Desulfovibrio sp. 8301 and 
Desulfovibrio desulfuricans 8312, using the 
IncPl transfer system of the '• Iper plasmid 
pRK2013. The streptomycin resistance gene was 

expressed in both SRB strains while the 
sulfamide resistance was expressed only in 
stra in 8301 although i t was demonstrated by 
retrotransfer experiments to be f u l l y 
functional in both. 

Retrotransfer was made by mating SRB 
containing plasmid R300B with Ê  col i strains 
provided with IncPl plasmids. Selection was 
made in the a i r for sulfamide resistance in E^ 
co l i and this occured only i f an I n c ' l plasmid 
was present in E^ col i . Thiu was a new 
i l l us t ra t i on of the capacity to "capture 
genes" which is a specific property of most 
IncPl plasmids. 

Therefore a both way transfer system is 
available in SRB and would allow genetic 
studies and manipulations in these bacteria. 
Such studies would mainly focus onto the 
mechanisms of SRB induced corrosion in order 
to better f i gh t against corrosion and to 
possible applications of SRB In heavy metals 
reclamation from heavily polluted s i tes . 

6.7.4. Expression of human growth hormone in 
cel ls of Arabisopsis thaiiana 

L. Ledoux, M. Thiry, M. Closset .J.Lg.) 

Axenic Arabidopsis seeds were treated with a 
pBR derivative bearing the cDNA of the hGH 
inserted at the Tet locus. Calluses were 
grown from the treated seeds. The presence of 
the hormone was immunodetected, then measured 
by RIA. Calluses were also grown from the Fl 
progeny of treated plants. They were developed 
from leaf fragments and compared to controls 
derived from untreated plants. Only in treated 
ones was the production of an hGH-type antigen 
immunodetected, both in calluses extracts and 
in the sol id growth medium (blotted on 
nitrocel lulose membrane). 

The hGH nature of the antigen was ascertained 
by competitive radioimmuno assays and 
radioreceptor assays. The hGH production was 
found to decrease upon subculture of the 
original calluses. After one year (5 sub 
cultures) l i t t l e hGH could be found in 
calluses. The molecular bases of these 
phenomena are presently being investigated by 
genome analysis. 

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 
(U.Liège), J.M. Jaspar (U. Liège) 

FRSM Contract 3.4503.87 
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Polypeptide growth factors and their receptors 
are involved in the regulation of cell 
proliferation and differentiation, and recent 
findings demonstrate that they also play a key 
role in oncogenesis. On the other hand, the 
presence of receptors for polypeptide and 
steroid hormones in certain human tumors 
indicates that some cancers nay serve as 
targets for the action of these hormones. 

A correlation between hormone dependency and 
the regulation of polypeptide growth factor 
receptors has been found in cell culture, but 
information on the endocrine factors that may 
modulate growth factor receptors in human 
tumors is still lacking. 

The aim of our project is to study, in human 
tumors of various origins and in experimental 
models, the production of polypeptide growth 
factors (GF) and the biological expression of 
the GF-receptor complex, in relation to 
clinicd and biological parameters, including 
hormone recaptors, likely to characterize 'he 
state of growth and differentiation of the 
tumor. 

Table 6.8.1.a. : EGF receptors in tumors of the 

Hislopatholog 
Case Sex Age Gr-de 

V. L. 
M. J.M. 
K. C. 
B. 0. 
B. A. 
D. S. 
0. J. 
P. E. 
S. E. 
H. R. 

B. A. 
C. A. 
P. D. 
W. C. 
V. M. 
W. J. 
S. R. 
C. C. 
B. R. 

M. A. 

P. A. 
R. M. 
D. 0. 
M. R. 
A. R. 

F 
M 
F 
M 
M 
M 
F 
F 
M 
M 

F 
M 
F 
F 
F 
F 
M 
F 
M 

M 

M 
M 
M 
M 
M 

39 
35 
50 
35 
f3 
51 
51 
75 
70 
63 

54 
62 
41 
46 
— 
39 
59 
58 
66 

65 

60 
36 
53 
— 
55 

astrocyt. gr. 
astrocyt. gr. 
astrocyt. gr. 
astrocyt. gr. 
astrocyt. gr. 
astrocyt. gr. 
glioblastoma 
glioblastoma 
glioblastoma 
glioblastoma 

meningioma 
meningioma 
meningioma 
meningioma 
meningioma 
meningioma 
meningioma 
meningioma 
meningioma 

hemangioma 

met. (unkn.) 
met. (unkn.) 
met. (unkn.) 
met. (unkn.) 
met. (unkn.) 

A first series of experiments has been carried 
out on surgical specimens of various human 
tumors of the central nervous system (CNS). 
Astrocytomas exemplify a progression of 
malignancy, f; om benign (low grade) toward an 
increased malignant phenotype (high grade 
astrocytomas, glioblastomas). Meningiomas are 
primarily benign mesenchymal tumors, often 
characterized by their invasiveness. 

After homogenization of the individual 
samples, the nuclei, membranes and cytoplasmic 
fraction were obtained by differential 
centrifugation. The nuclei were checked for 
the thyroid hormone receptor level, as 
described in previous reports. 

The presence of Epidermal Growth Factor (EGF) 
in the cytosols was checked by a sensitive 
radioimmunoassay described in a recent 
publication (1). 

No EGF was found in the cytosols originating 
from meningiomas (n = 6) or from neurinomas 
VIII (n = 3) ; low, but significant 
concentrations, corresponding to 0.2 - 6 ng 

central nervous system 

ical Ka Bmax Cmax 
(xlO9 M"1) (xlO-11 M) (fmol/mg P) 

1 
1-2 
1-2 
1-2 
1-2 
4 

0.46 
0.45 
1.04 
1.30 
0.44 
0.53 
0.46 
0.23 
1.92 
0.43 

0.75 
0.42 
0.97 
0.84 
0.13 
0.83 
1.06 
5.65 
6.71 

1.04 

0.40 
0.73 
0.70 
0.57 
0.63 

13.2 
13.9 
2.4 
2.9 
2.1 
35.5 
68.5 
77.0 
30.3 
17.8 

37.4 
78.7 
13.6 
51.1 
22.2 
7.6 
2.8 
10.5 
16.'* 

12.2 

32.4 
43.8 
13.6 
4.7 
12.9 

26.2 
48.0 
12.0 
8.6 
11.0 
87.0 
67.0 

321.0 
125.0 
73.0 

75.0 
172.5 
51.0 
30.6 
68.4 
33.0 
16.0 
26.0 
27.6 

39.0 

112.0 
177.0 
33.0 
9.0 

24.0 
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Table 6.8.-l.b. : Autophosphorylation of EGF-R in tumors of the central nervous system 

Case 

Astrocytomas 

K. C. 
B. A. 
M. J.M. 

Glioblastomas 

S. E. 
H. R. 
D. H. 
B. D. 

Meningiomas 

W. J. 
S. R. 
B. R. 

Metastasis 

A. R. 

Sex 

gr. 1 

F 
M 
M 

M 
M 
F 
M 

F 
M 
M 

M 

Age 

50 
63 
35 

70 
63 

39 
59 

55 

170 kD 

13541 
13192 
12772 

186071 
90099 

231210 
44296 

13996 
24265 
60888 

11020 

cpm 
+ EGF 
150 kD 

13339 
24274 
16348 

328333 
198777 
15390 
76029 

82943 
80867 
202791 

17473 

32P / g 

Total 

26880 
37466 
29120 

514404 
288876 
246600 
120325 

96939 
105132 
263679 

28492 

Tumor 

170 kD 

10246 
7696 

147996 
179446 
293225 
38602 

16101 
77265 
73455 

8852 

- EGF 
150 kD 

16260 
11190 

341904 
343587 
271080 
57130 

99649 
247771 
278800 

18754 

Total 

26506 
18886 

489900 
523033 
564305 
95732 

115750 
325036 
352255 

27606 

EGF/g tissue, were 
astrocytomas (7/15). 

observed m some 

"EGF-like" molecules, such as TGFo 
(Transforming Growth Factor) have been 
detected in fetal tissues and fluids and in 
transformed cells. Transforming Growth Factors 
are antigenical'ly distinct from EGF, but 
compete with ^ I - E G F jn radioreceptor assay. 

Significant amounts of molecules competing 
with EGF have been measured in a limited 
series of tumor cytosols, by a radioreceptor 
assay using human placental membranes. Further 
identification of these molecules, as well as 
the optimization of the technique, are in 
progress. 

The membranes, prepared from the CNS tumor 
samples, were used for the determination of 
the EGF receptors (EGF-R). Our preliminary 
results suggest that the EGF binding capacity 
may be higher in glioblastomas than in low 
grade astrocytomas. Significant amounts of 
EGF-R also exist in meningiomas (Table 
6.8.1.a.). 

The activity of the specific phosphotyrosine 
kinase associated with the EGF-R has been 
determined in solubilized tumor membranes 

after immunoprecipitation by the monoclonal 
antibody EGF-R1 (Table 6.8.1.b.). Again, in 
tumors of glial origin, a positive correlation 
could exist between the autophosphorylation of 
the receptor and the degree of malignancy. 

(1) J.M. Jaspar, P. Franchimont : Purification 
of human epidermal growth factor (urogastrone) 
from urine. Eur. J. Biochem. 166 (1987) 
295-301. 

6.8.2. Toxicological studies 

J. Vankerkom, L. 
W. Baeyens, Gh. 
Lambiet-Collier 

Baugnet-Mahieu, A. Léonard, 
Deknudt, P. Jacquet, M. 

A lckoratory service agreement has been 
concluded in 1987 between an international 
chemical company and our laboratory of animal 
toxicology, for the realization of 
toxicological studies. Skin sensitization 
tests, according to the Buehler method, have 
been carried out on a series of chemicals. 

A second series of experiments has been 
completed in our laboratory of histopathology, 
as part of the evaluation of new drugs. 

Classical toxicity tests (LD50, skin and eye 
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i r r i t a t i o n studies) and short-term 
mutagenicity studies have been routinely 
performed on request of several chemical and 
pharmaceutical companies. 

6.9. PUBLICATIONS AND LECTURES 

6.9.1. Publications 

P lu r i i x l l u l a r epiphytes of Acetabularia 
S. BONOTTC, D. van der BEN 
Proceedings First Ei lat Symposium on Marine 
Symbioses, Program & Abstracts, pp. 64-65 

Anomalies chromosomiques induites dans les 
lymphocytes du lapin par des ultrasons de 1 
MHz donnés seuls ou suivis d'un traitement par 
la 5-bromo-2'-désoxyuridine 
G. OECAT, A. LEONARD, H. MYNCKE 
C.R. Soc. B io i . 181 (1987) 62-69 

Detection of mutagenic ac t i v i t y in urine 
samples using a new concentration procedure 
M. DUVERGER-van BOGAERT, C. STECCA, A. LEONARD 
Mutation Research 178 (1987) 21-24 

Spatial relationships between late damage 
after X-irradiat ion and the zones of 
gliogenesis in the adult rat brain 
E. GIANFELICI de REYNERS, H. REYNERS, J.R. 
MAISIN 
In t . J . Rad. B io l . 51 (1987) 750 

Modifications post-traductionnelles de 
certains peptides en relation avec la première 
mitose chez l'oeuf de souris Balb/c 
S. GRINFELD, J. GILLES, P. JACQUET, L. 
BAUGNET-MAHIEU 
C.R. Soc. B io l . 181 (1987) 46-51 

An unusual radiation-induced G2-arrest in the 
zygote of the Balb/c mouse stra in 
S. GRINFELD, P. JACQUET 
Int . J . Radiât. B io l . 51 (1987) 353-363 

La radiocontamination des champignons sauvages 
en Belgique et au Grand-Duché de Luxembourg 
après l'accident nucléaire de Tchernobyl 
0. GUTLLITTE, M.C. GASIA, J . LAMBIN0N, A. 
FRAITURE, J . COLARD, R. KIRCHMANN 
Mém. Soc. Roy. Bot. Belg. 9 (1987) 79-93 

A nonviral RNA species in thymic lymphomas 
induced by the radiation leukemia virus 
M. JANOWSKI 
Arch. Internat. Physiol. Biochim. 95 (1987) 
B82 

Une minorité des lymphomes 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 
polyadényle non v i ra l 

M. JANOWSKI, J.M. NUYTEN 
C.R. Soc. B io l . 181 (1987) 55-61 

Nuclear thyroid hormone receptors in human 
tumors of the central nervous system 
M. LEMAIRE, L. BAUGNET-MAHIEU 
Annales d'Endocrinologie 48 (1987) 162 

Influenza delle basse dose di radiazioni sugli 
organismi viventi 
A. LEONARD 
Energia e Innovazione, January 1987, II 

Chromosome aberrations as biological 
indicators for radiation damage following 
partial body irradiation 
A. LEONARD, G.B. GZRBER 
In : A. Kaul et al. (Eds.), Biological 
Indicators for Radiation Dose Assessment, MMV 
Medizin Verlag, Munchen, pp. 261-266, 1986 

L'apport de la radiobiologie en médecine et en 
agriculture 
J.R. MAISIN 
Electricité 184 (1987) 4-13 

Protection against ionizing radiation by 
combinations of radioprotectors 
J.R. MAISIN 
Pharmacology and Therapeutics (1987) 53-55 

Effects of X-rays alone or combined with 
diethyl nitrosamine on cancer induction in 
mouse l i ve r 
J.R. MAISIN, L. de SAINT-GEORGES, M. JANOWSKI, 
M. LAMBIET-COLLIER, G. MATTELIN 
In t . J . Radiât. B io l . 51 (1987) 1049-1057 

Life-span shortening and disease incidence in 
male BALB/c and C57BL mice after single, 
fractionated d(50)-Be neutron or gamma 
exposure 
J.R. MAISIN, G.B. GERBER, A. WAMBERSIE, G. 
MATTERLIN, M. LAMBIET-COLLIER, J. GUEULETTE 
In : R.C. Thompson, J.A. Mahaffey (Eds.), 
Life-span radiation effects studies in animals 
: What can they t e l l us ?. (1986) pp. 172 

Radioprotecticn by polysaccharides 
J.R. MAISIN, S. T0PAL0VA, A. KONOI-TAMBA, G. 
MATTEL IN 
Pharmacology and Therapeutics (1987) 69-70 

Nucleotide sequence of a radiation leukemia 
virus genome 
J. MERREGAERT, M. JANCWSKI, E.P. REDDY 
Virology 158 (1987) 88-102 

Homing of a T-cell lymphoma is not affected by 
cytokines IL-1, TNF or gamma-IFN 
E. MONTECINO-RODRIGUEZ, R. H00GHE, F. VANDER 
PLAETSE, J. TAVERNIER, Y. GUISEZ, W. FIERS, G. 
HAEGEMAN 
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Proceedings International Congress Cancer 
Metastasis : Biological and biochemical 
mechanisms and clinical aspects, Abstract p. 
95 

Z41Am 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 
radionuclide metabolism and dosimetry (1987) , 
p. 193-200 

Etude comparée de la radioécologie des eaux 
continentales des bassins mosan et rhodanien : 
contribution des labors coi res belges 
CM. VANDECASTEELE, éd. 
Rapport technique d'avancement 1985, SCK/CEN, 
Mol, p. 143, December 1986 

Chapter 10 : Radioecological studies 
CM. VANDECASTEELE, E. FAGNIART, R. KIRCHMANN, 
J. VANKERKOM 
In : A compendium of the measurements related 
to the Chernobyl nuclear accident. J.P. 
Deworm, éd., SCK/CEN, Mol, p. 96-110, January 
1987 

Raaiosensitivity of 241Am of bone marrow 
stromal ce l ls in offsprings of contaminated 
mice 
R. VAN OEN HEUVEL, G, SCHOETERS, 0 . 
VANDERBORGHT 
Workshop Age-related factors in radionuclide 
metabolism and dosimetry, p. 201-208 

Stromal stem cel ls (CFU-f) in yolk sac, l i v e r , 
spleen and bone marrow of pre- and postnatal 
mice 
R. VAN DEN HEUVEL, S. VERSELE, G. SCHOETERS, 
0. VANDERBORGHT 
Bri t ish Journal of Hematology 66 (1987) 15-20 

The essential valuation of environmental 
monitoring is given by i t s biological 
relevance 
0. VANDERBORGHT 
Annls. Soc. r. zool. belg. 117 (1987) 3 

The acid-base and electrolyte balance during 
acid stress in two species of acid-tolerant 
crayfish : Ictalurus nebulosus and l^ 
punctatus 
J . VANGENECHTEN, H. WITTTERS, S. VAN 
PUYMBROECK, 0 . VANDERBORGHT, J. CAMERON 
Annls. Soc. r. zool. Belg. 117 (1987) 265-275 

Ecophysiology of acid stress in aquatic 
organisms 
H. WITTERS, 0. VANDERBORGHT (Eds.) 
Proceedings of an international Symposium, 
Antwerp, January 13-16, 1987. Annls. Soc. r. 
zoo!. Belg., 117 (1987) pp. 472 

Ionoregulatory and hapmatological responses of 
rainbow trout Salmo gairdenen Richardson to 
chronic acid and aluminium stress 
H. WITTERS, J. VANGENECHTEN, S. VAN 
PUYMBROECK, 0. VANOERBORGHT 
Annls. Soc. r. iool. Belg. 177 (1987) 411-420 

6.9.2. Lectures 

The essential valuation of environmental 
monitoring is given by its biological 
relevance 
0. VANDERBORGHT 
International Symposium "Ecophysiology of acid 
stress in aquatic organisms", Antwerp, January 
13-16, 1987 

The acid-base and electrode balance during 
acid stress in two species of acid-tolerant 
catfish : Ictalurus nebulosus and L_ 
punctatus. 
J. VANGENECHTEN 
International Symposium "Ecophysiology of acid 
stress in aquatic organisms", Antwerp, January 
13-16, 1987 

Ionoregulatory and haematological responses of 
rainbow trout Salmo gairdneri Richardson to 
ch'-nic acid and aluminium stress 
H. WITTERS 
International Symposium "Ecophysiology of acid 
stress in aquatic organisms", Antwerp, January 
13-16, 1987 

Search for oncogenes involved in 
radiaticn-induced osteosarcomagenesis 
M. JANOWSKI, B. BORREMANS 
EULEP Meeting of the Osteosarcoma Task Group, 
Sendjberg, Denmark, February 7-8 , 1987 

P e r i c e l l u l a r epiphytes of Acetabularia 
S. BONOTTO, D. van der BEN 
Fi rst E i l a t Symposium on Marine Symbioses, 
E i l a t , I s r a e l , February 8 - 1 1 , 1987. 

Fet i l i r rad ia t ion of the cemale rat at day 15 
pc and subsequent quantitat ive study of the 
development cf the c i " iu la r cerebral cortex 
H. REYNERS; E. GIANFELICI de REYNERS, L. 
REGNIERS, J.R. MAISIN 
Eulep Symposium on fetal i r rad ia t ion , Freiburg 
im Bresgau, February 2, 1987 

Recent progress in the study of the G2-arrest 
induced in the mouse zygote by X- i r radiat ion 
P. JACQUET, S. GRINFELD 
Eulep Meeting of the prenatal i r radiat ion task 
group, Freiburg, February 11-13, 1987 

Functions related to resistance to heavy 
metals in plasmids pM0L28 and pM0L30 of 
Alcaligenes eutrophus CH34 
M. MERGEAY, L. DIELS 
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1987 ASM Annual Meeting, Atlanta, March 1-6, 
1987 

Advances from the stem cell task group during 
last year 
G. SCHOETERS 
General Assembly Eulep, Reisensburg, March 
9-12, 1987 

Cellular basis of late vascular changes in the 
areas at risk in the irradiated brain. 
Ultrastructure of telangiectatic vessels 
H. REYNERS, E. GIANFELICI de REYNERS, L. 
REGNIERS, J.R. MAISIN 
Eulep Symposium of the CNS-vascular project, 
Reisensburg, March 3, 1987 

Protection against ionizing radiation by 
combinations of radioprotectors 
J.R. MAISIN 
Symposium on Perspectives in Radioprotection, 
Gaithersburg, MD (U.S.A.), March 11-14, 1987 

Radioprotection by polysaccharides 
J.R. MAISIN, S. T0PAL0VA, A. KONDI-TAMBA, G. 
MATTELIN 
Symposium on Perspectives in Radioprotection, 
Gaithersburg, MD (U.S.A.), March 11-14, 1987 

Role of carbohydrates in cellular interactions 
R. HOOGHE 
Université Paul Sabatier, Toulouse, France, 
March 20, 1987 

Effets biologiques des faibles doses de 
rayonnements ionisants 
A. LEONARD 
Société Belge de Radioprotection, Bruxelles, 
April 3, 1987 

Structure and function of plasmids governing 
resistance to heavy metals in Alcali genes 
eutrophus CH34 
L. DIELS, M. MERGEAY 
Genetic Flux and Horizontal Evolution in 
Bacteria, Brussels, April 5-6, 1987 

Transfer factor values observed in 
experimental field conditions and from 
Chernobyl fall out 
R. KIRCHMANN, E. FAGNIART 
UIR Workshop soil-plant transfer factors of 
radionuclides, Egham, Surrey, U.K., April 
13-16, 1987 

In vitro bloedvorming in culturen afkomstig 
van foetale en postnatale hemopoietische 
organen van Bal b/c muizen 
R. VAN DEN HEUVEL 
Department Biochemistry, UIA, Wilrijk, April 
24, 1987 

Transferts dans les écosystèmes terrestres : 

écosystèmes agricoles 
C. VANDECASTEELE 
Journée interuniversitaire d'information "Le 
nucléaire et l'environnement", 
Louvain-la-Neuve, April 25, 1987 

Production of colony stimulating activity for 
CFU-GM differentiation in long-term cultures 
of haemopoietic organs from foetal and 
neonatal mice 
R. VAN DEN HEUVEL, G. SCHOETERS, 0. 
VANDERBORGHT 
European Stem Cell Club Meeting 1987, Paris, 
April 20-28, 1987 

Response of mouse lung air blood barrier to 
X-irradiation 
L. de SAINT-GEORGES, J.R. MAISIN, U. VAN GORP 
SEM Meeting, Hamilton, Ontario (Canada), May 
3-8, 1987 

The effect of prenatal or early postnatal 
irradiation on the production of anti-arsonate 
antibodies and cross-reactive idiotype 
R.J. HOOGHE, J.R. MAISIN, F. VANDER PLAETSE, 
J. URBAIN, G. URBAIN-VANSANTEN 
International Symposium on Low Dose Radiation 
and the Immune System, Frankfurt, May 6.-9, 
1987 

Five lectures on fundamental techniques in 
molecular biology 
M. JANOWSKI, B. BORREMANS 
EULEP Practical course on fundamentals of 
molecular biology, Mol, May 4-15, 1987 

Etuoe in vitro de l'influence de l'3ge du 
donneur, du mitogène utilisé et de la dose 
d'irradiation administrée sur le cycle 
cellulaire des lymphocytes humains 
Gh. DEKNUDT, L. VAN AUTRYVE 
Belgische Vereniging voor Radiobiologie, 
Brussel, May 16, 1987 

Acidification and ecophysiology of freshwater 
animals 
J. VANGENECHTEN 
CEC-symposium "Effects of air pollution on 
terrestrial and aquatic ecosystems", Grenoble, 
May 18-20, 1987 

Internal or external toxicity of aluminium in 
fish exposed to acid water 
H. WITTERS 
CEC-symposium "Effects of air pollution on 
terrestrial and aquatic ecosystems", Grenoble, 
May 18-20, 1987 

Food and chemicals from marine microalgae 
S. B0N0TT0 
The First International Symposium on Microbial 
Ecology of the Mediterranean Sea, Sorrento 
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(Naples), Italy, May 25-30, 1987. Abstract, p. 
14 

The pathogenesis of late radiation damage to 
the CNS : a multidisci pli nary study in the rat 
brain 
J.W. HOPEWELL, W. CALVO, A. KEYEUX, H.S. 
REINHOLD, H. REYNERS 
VI European Congress of Radiology, Lisboa, 
Portugal, June 1, 1987 

The role of carbohydrates in cancer metastasis 
R. HOOGHE 
FGWO Contact group on Intercellular 
communication in normal and pathological 
morphogenesis. Meeting on Glycoconjugates and 
invasion. Gent, June 5, 1987 

Coltivazione e utilizazione di micro- e 
macroalghe 
S. B0N0TT0 
Convegno Nazionale di Algologia, Lecce, Italy, 
June 5-7, 1987 

Osservazioni morfologiche su Cladophora 
pro!ifera (Rothpletz) Kiitzing raccolta a Porto 
Cesareo 
S. B0N0TT0, D. van der BEN, G. 0ALESSAN0R0 
Convegno Nazionale di Algologia, Lecce, Italy, 
June 5-7, 1987 

Nuclear thyroid hormone receptors in human 
tumors of the central nervous system 
M. LEMAIRE, L. SAUGNET-MAHIEU 
16th Annual Meeting of the European Thyroid 
Association, Lausanne, July 5-10, 1987 

Possibilities of Alcaligenes eutrophus CH34, 
highly resistant to heavy metals, in 
biotechnology 
L. OIELS, M. MERGEAY, J. REMACLE, S. TAGHAVI, 
L. REGNIERS 
4th European Congress on Biotechnology, 
Amsterdam, June 14-19, 1987 

Capacity of i r radiated hemopoietic system of 
the neonate and adult mice to adapt to an 
increased demand 
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7.2 RADIATION DOSIMETRY AND CONTROL MEASURE
MENTS 

7.2.1 Personal Oosimetry 

7.2.1.1 Direct methods 

J. Colard, J.P. Culot 

A total of 615 examinations have been carried 
out in routine for the survey of radioactive 
body burdens : 

- 543 whole-body examinations ; 
- 8 thyroid measurements for iodine isotopes 

assessment ; 
- 6 lung measurements with Xe-CH^ proportional 

counter for Pu detection ; 
- 44 lung measurements with Xe-CH4 proportional 

counter for calibration and determination of 
the influence of 13*Cs and 13'Cs on the Pu 
detection limit ; 

- 13 lung measurements with the large Nal de
tector for U and Th detection ; 

- 1 whole body examination with the large Nal 
detector for radium detection. 

Weak body contaminations have been detected in 
50 cases by radionuclides such as : 6"Co (48), 
1 2 5I (1) and 22 Na 

« & ' ' 
always far below the 

reference level. ouCo is mainly present in 
people involved in maintenance works around the 
reactors. 

I t must be pointed out that, as a consequence of 
the Chernobyl accident, the isotopes 13 Cs and 
*3'Cs are now present in the food chain. For the 
period May-June 87, the 137Cs body burden 
reached a mean level of 260 Bo for workers 
without occupational exposure. The values given 
before April 1 , 1987 have betii corseted by the 
factor 1.38 deduced from a new calibration of 
the Nal detector. 

Period 
May-June 1986 
November-December 1986 
May-June 1987 

Mean value (Bq) 
60 

200 
260 

One must remind that the mean 137Cs body burden 
in September-October 1964 was 820 Bq 
(Fig.7.2.1.1). After the LIMITED TEST BAN 
TREATY (August 5, 1963) prohibited participants 
from conducting nuclear weapon tests in the 
atmosphere, underwater and in space, the body 
burden decreased to about 100 Bq in 1969, the 
rate of decrease being roughly the same as the 
earlier rate of increase. Since 1970 the rate 
of decrease is considerably lower and the 
pattern of the body burden shows several 
plateaus and shoulders. At the end of 1985, 
values very close to , or below the detection 
limit ( 10 Bq) were found. 
Whole-body monitoring carried out after the 
Chernobyl accident has shown that the level of 
134Cs and 13'Cs has steadily increased in time, 
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although the highest levels are only 30 % of 
those found during 1964-1965 due to weapons 
fal l -out. The lower contamination to be anti
cipated for the allowing months should lead to 
reduced body ro oactivity. More immediately, 
the trend cannot be predicted reliably because 
of high non-uniformities in the deposition 
patterns and the complexities of food storage 
and distribution. 

The presence of these two cesium isotopes in 
the body disturbs the direct assessment of Pu 
in the lungs, when counted with our large 
Xe-CH^ proportional counter. Correction factors 
have been determined by means of calibrated 
sources placed in a phantom simulating a human 
thorax. They have been used for the inter
pretation of measurements made on workers 
without exposure to isotopes other than the 2 
cesium isotopes. 

7.2.1.2 Indirect methods 

§£Ç.îiQQ_LQtf=lsy.§ljD8§SUE8!DSB£S 

Sample measurements 

During the f i rst semester of 1987 1217 urine 
and nose-blow samples were analysed : 
- 2Z6Ra : 6 determinations ; 
- alpha-emitter actinides : 932 determinations; 
- complex mixtures of actinides (two or more 

actinides simultaneously present) : 96 deter
minations ; 

- uranium by fluorimetry : 235 determinations ; 
- Ĥ : 40 determinations ; 
- 241Pu : 42 determinations ; 
- alpha-activity in nose blow samples : 185 de

terminations. 

About 32 % of these determinations were per
formed on request of the Health Physics Depart
ment of the SCK-CEN. 68 % of these determina
tions concern support given at the request of 
BELGONUCLEAIRE, FBFC, CBNM, the Belgian Univer
s i t ies , the EEC, etc. 

7.2.2 Nuclear Spectrometry Measurements 

sgcîiQQ.Nuclêâc.ScesirQiigîa 

7.2.2.1 Supporting measurements 

J . Colard, J.P. Culot 

A total of 2938 samples have been measured by 
gamma spectrometry as support to various 
SCK/CEN departments, for health physics survey, 
operational control of the reactors, 
environmental survey or on request from the 
industry. 
The main purposes of these analyses were : 
- health physics, environmental and 

reactor survey 26 % 
- radiobiology (research and contracts) 55 % 
- inquiries from external laboratories 10 % 
- waste controls 9 % 
242 measurements (8.2 %) concerned samples for 
activation analysis on request from the in
dustry. 
468 samples have been measured, as follow-up of 
the Chernobyl accident and 63 samples from 
foodstuffs were analysed on request of the food 
industry. 

7.2.3 Radiochemical Measurements 

SecliQD.lQWrisyeLffleasucfiiKDts 

7.2.3.1 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 end of the 
collection. In addition, the 9"Sr activity was 
measured for both dust and rainwater samples 
collected over one month. 
The activity level in all samples was low. 
For the dust samples, the mean monthly alpha 
activities varied between 16 and 76 uBq.rn"3, 
the Beta activities varied between 0.40 and 1.1 
mBq.m"^ and the '°Sr activity between 2.3 and 
13.9 uBq.m"3. 
For the rainwater samples, the mean monthly 
alpha activities varied between 6.9 and 43 
mBq.l"*, the mean monthly beta activities 
between 0.40 and 0.53 Bq.T* and the monthly 
90Sr activities between 2 and 37 mBq.l"1. 
These values are very similar to those measured 
during 1986 and the activity levels at Mol were 
not significantly different from those observed 
at Koksijde. 

7.2.3.2 Food chain 

'°Sr and "'Cs activities were measured in 10 
food samples taken by the I.H.E. The range of 
9^Sr contamination values found is given In 
Table 7.2.3.2. The results were also made 
available to the Radiobiology department for 
further analysis and interpretation. 
90Sr was not detected in meat and fish samples. 

Table 7.2.3.2 
Extreme values of '"Sr measured in samples of 
the food chain (from January to June 1987) 

Type of mBq/kg mBq/g Ca mBq/kg mBq/g Ca 
food 

maximum values minimum values 

Mil!' 95 95 88 98 
Vegetables 185 308 < 40 <100 
Potatoes (1 sample only) 54 1200 
Flour (1 sample only) 80 460 
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7.2.3.3 Miscellaneous measurements on reouest P. Berne 1 mans 

- About 13o measurements were carried out on 
samples originating from different sites and in 
order to investigate the biological cycle. 
Exchangeable and bounded organic 3H, 90Sr and 
"°Ra were measured in these samples and the 
results were made available to the Radiobiology 
department >r further analysis. 

- About 200 samples of surface water from the 
SCK-CEN site were checked for 3H and 139 for 
alpha and beta activities. These results were 
made available to the Health Physics department 
for further analysis. 
Weekly, I was measured radiochemical^ in 
daily milk samples taken at 4 different loca
tions around the site. 

- About 460 routine samples from the river Nete 
basin were checked for qlobal alpha and beta 
activities, 3H, 90Sr, 2 Z 6Ra. The results were 
made available to the Health Physics department 
for further analysis. 

7.2.3.4 Other Radiochemical Measurements 

BR2 and BR3 reactors and associated facilities; 
Weekly and monthly samples of BR2 and BR3 
water, respectively, were checked for global 
alpha, Pu and 3H activities. At BR2, 8 to 10 
samples were measured daily to control the 3H 
activity in the air. 

Waste disposal plant : 
Weekly samples of effluents were checked for 
Pu, U, Am, 9 0Sr, 3H and global alpha and beta 
activities. Four samples were checked daily for 
3H activity. Monthly samples were checkeo 
before treatment for Pu, ' S r and 3H activi
ties. 

Sewers : 
About 660 global alpha and beta activity 
measurements, 125 3H and 49 **C measurements 
were carried out for routine control of the 
sewers of SCK/CEN. 

Dating measurements : 
* C and U/Th dating were performed in hydrology 
for geotechnological purposes (7 radiocarbon 
and 4 U/Th analyses). 

Radiobiological measurements : 
In the field of an ecological study we have 
received 253 samples from t*ie Schelde river. 
70 % of the analyses of 2 2 tRa, 2 I 0Pb and 2 1 0Pb 
have been done and the rests are in process. 

7.3 SAFEGUARDS 

7.3.1 Optimization of Safeguards Measures in 
mixed oxide fuel fabrication plants 

This study is being performed in the framework 
of the Belgian Support Programme to the IAEA 
for Safeguards Implementation (task 1.A.2). It 
aimes at the evaluation of book inventor 
uncertainties and material balance closings in 
a mixed oxide fuel fabrication plant, on the 
basis of the operator s working and measurement 
practices. 
The Belgonucleaire fast reactor fuel fabrica
tion line has been selected as the first 
example. The general framework cf the study has 
been described before and the report, which is 
in preparation, accordingly consists of three 
main parts : 

i) the descriptive information collected from 
the operator ; 

ii) the model of the plant ; 
iii) the error propagation calculation. 
In the latter point, care is taken to descibe 
the calculation steps in detail. Coefficients 
of the primary instrumental errors are present
ed at two-week intervals in the form of tables, 
supplemented with detailed comments. 
In order to facilitate future studies, the 
whole process is being worked out on a desk 
computer, including automatic printing of the 
tables. 

7.3.2 Measurement Technology 

7.3.2.1 Non-destructive measurements of the 
isotopic composition of Pu samples by high 
resolution gamna-ray spectroscopy. 

P. Fettweis, F. Quik (CBNM) 

The ESARDA working group on non-destructive 
analysis (NDA) launches for the moment the 
PIDIE-exercise ^Plutonium J_sotopic Deter
mination Jjtterlaboratory Exercise). The iso-
topic ratios and compositions (the 2 4 2Pu-
concentration being obtained by correlation) of 
seven Pu-samples of different burn-up have to 
be determined by gamma ray spectroscopy. 
Different spectra hive been taken at CBNM with 
the instrumentation used earlier. These spectra 
are analysed at CEN/SCK with the help of the 
computer programme PLUTO. This exercise seems 
to be of particular interest for the following 
reasons : 

The isotopic composition of the various 
samples is completely unknown to the parti
cipants. Possible choices of parameters and 
approximations must thus rely entirely on 
internal checks such as the goodness of the 
fits, the consistancy of the overall relative 
efficiency curve, etc. 
- The amount of material and consequently the 
thickness of the samples is quite different 
from that of the reference 'amples used earl-
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ier. The final results of the intercomparision 
will thus constitute a good test for the 
validity of the different corrections applied 
if different sample thicknesses are used. 

Preliminary results show that the z:"Pu-to 
total Pu ratio of the 7 PIDIE-samples measured, 
ranges between 60 % and 95 S corresponding thus 
to very high and low burn-up material. 

7.3.2.2 The non-destructive assay of spent fuel 

R. Carchon, 6. Smaers 

The application of neutron and gamma measure
ments for non-destructive assay methods of 
spent fuel (I0N-1 FORK Detector), and more 
especially the data treatment, requires cor
rection factors for the neutron counts. These 
correction factors take care of the differences 
in physical parameters of the different fuel 
assemblies and are the following : 
Fĵ  : the * Cm decay correction factor 
?2 '• the Cm fraction of the measured neutron 
signal 
Fj : the normalization factor for fuel assem
blies with an initial enrichment different from 
a standard value of 3.1 %. 
These correction factors are calculated accord
ing to the following formula : 
Fj : exp (lambda244 Tc) 
F2 : N244/N 
F3 : V^l^.w/NxCWx 244 
where lambda^ is the decay constant of " n C m 

Tc cooling time 
N244 neutron count rate of

 244Cm 
N total neutron count rate 
x the enrichment 

These factors can be calculated by different 
computer codes. However some have very pronoun
ced limitations, while others due to their more 
general nature do not exactly describe the 
physical processes in a PWR. Also some very 
noticeable differences have been observed. 
Further study is going on to clarify this 
problem. 

7.3.2.3 I0N-1-F0RK detector mechanical and 
electrical improvements 

f\ De Baere, R. Carchon 

The study to improve the mechanical and 
electrical properties of the ION 1-FORK 
detector system progressed normally in order to 
make the system more efficient and more 
user-friendly in terms of system set-up, field 
service and decontamination. 
1. System philosophy : preamplifiers near the 

fission chambers. The ultrashort coaxial 
cables reduce the capacitive loading at the 
preamplifier input thus enhancing the pre-

amps risetime. The decoupling of the fission 
chamber pulses from the high-voltage bias 
takes place close to the detector, avoiding 
noise generated by the high-voltage supply, 
to be picked up by the preamplifier. 

2. System set-up : the FORK pipes are equipped 
with commercial PNEUROP flanges allowing the 
pipes to be joined together with stainless 
steel quick-release chain clamps. All parts 
are secured with safety wires, so that no 
loose parts can be lost in the spent fuel 
pond. All electrical signals are sent over 
one multicoaxial cable (with associated con
nectors), in order to shorten the assembly 
time, to prevent connector mix-up and to 
ease possible cable decontamination. 

3. Field service : the preamplifiers can be re
placed without the need to open the entire 
FORK head. Insertion of a spare preamplifier 
by connecting only three subminiature SMA 
connectors is simple, requiring few tools 
and only short repair time. 

4. Decontamination : since the existing FORK 
detectors now exhibit more or less non-re
movable contamination, the application of a 
disposable elastomeric cover over the FORK 
arms is foreseen. The stainless steel pipes 
will be polished to make them less sensitive 
to the migration of contaminated water from 
the spent fuel pond. When decontamination is 
needed nevertheless, end caps will keep the 
pipes clean inside. 

7.3.2.4 Calibration of four Neutron Coincidence 
Collars (NCC) for the non-destructive assay 
(NDA) of fresh PWR fuel assemblies 

P. De Baere, R. Carchon, G. Smaers 

Individual calibration functions had earlier 
been obtained fcr each NCC-II over the series 
of measured FBFC fresh PWR fuel-assemblies 
(Fig. 7.3.2.4). 
A recent report (LA-10827-MS) however shows 
techniques that could be used to obtain and use 
a single universally applicable calibration 
power function. 
The report shows that instead of applying a 
calibration function of the form M = a.R , the 
fitting function would be M = k2a(ki.R)

b 

wherein a and b are universal constants valid 
for any detector and source combination, and kj 
and k2 are determined by taking into account 
the measured total neutron count rate and the 
real coincidence neutron count rate as compared 
to those of a reference calibration NCC and 
source (kj) and the different total uranium 
mass loading of the measured assemblies (k2). 
In an effort to duplicate the above-mentioned 
technique, several approaches have been made. 
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These intermediate calculations have been 
presented at the ESARDA annual symposium 
(London,1987). Detailed calculations are now 
made in view of a la ter publ icat ion. 
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7.3.3 Cryptographic seals for containment and 
surveillance 

E. Musyck (Electronics and Instrumentation 
service) 

The development of a seal based on a one-chip 
microprocessor, version VI has been abandoned 
in favour of a seal based on the V3 version. 
This choice is j u s t i f i e d by the fact that i t is 
now possible to make a pre-series, without 
being obliged to make important investments for 
the real izat ion of the microprocessor masks. 
The seal can he read at a distance by the user 
at any moment, (e.g. on request of a control 
organism) ana i t s status is communicated as a 
wri t ten message fol lowing the principles of 
cryptography by pseudo-public key. Given the 
use of a physically protected closure i t is 
possible to control the real status of the seal 
at a distance. The device is thus tamper 
resistant. 

7.3.4 Safeguard: Traineeship Programme 

R. Carchon 

Similar to last year, SCK/CEN was invited by 
IAEA to conduct such a course, with the objec
tive of increasing the number of qualified 
candidates from developing countries available 
for filling junior posts in the IAEA. General 
conference resolution GC(XXV)/386 indeed calls 
for a substantial increase in the number of 
staff at all levels from developing countries. 
Difficulties are encountered in the Safeguards 
Inspectorate. 
Since a lowering rf the entrance requirements 
is not desirable without detriment to the 
efficient operation of the IAEA, the only 
solution consists in training the candidates. 
The programme that has been proposed was 
essentially based on last year's experience : 
theoretical courses, completed by visits to 
installations or nuclear facilities. This first 
half year essentially covers theoretical 
courses treating such topics as : nuclear 
physics, nuclear chemistry, radiation protec
tion and dosimetry, reacto" theory, operation 
and safety, radiation detection, the uranium 
cycle and an introduction to safeguards 
destructive as well as non destructive 
techniques. These courses were complemented 
whenever possible by practical exercises such 
as a critical approach and control rod 
calibration at the BRI reactor, the operation 
of VENUS critical facility and neutron flux 
measurements in the bRl reactor. Several 
installations related to the course have been 
visited : the linear accelerator, the radio
nuclide laboratory and the mass spectrometry 
laboratories of CBNM (Geel) and SCK/CEN. 
The mair. effort was concentrated on upgrading 
the technical knowledge of the candidates and 
rendered necessary by the heterogeneous techni
cal and scientific background of the trainees. 
The training programme continues until Septem
ber. 

PUBLICATIONS 

Calibration of four Neutron Coincidence Collars 
for PWR fresh Fuel Assemblies 
R. Car<- ion, R. Cranston, P. De BAERE, J.L. 
Levy-G rget, G. Smaers, B.G.R. Smith, R. 
Zaruc! i 
Proceedings of the 9th ESARDA Symposium en 
Safeguards and Nuclear Materi?.! Management, 
JRC, ISPRA, 1987 (p. 19')) 

RITCEX, Aims and conclusions 
R. Camion, P. De Regge, I. Franssen (IAEA) 
In "Nuclear Safeguards Technology 1986" volume 
1, IAEA, Vienna 1987, p. 399 



146 

Ion-1 fork measurements on pressurized water 
reactor spent fuel assemblies 
R. Carchon, G. Smaers, G.P.D. Verrechia, M. 
Arlt, I. Stoyonova, G.E. Bosler, J. Satinet 
In "Nuclear Safeguard? Technology 1986" volume 
1, IAEA, Vienna 1987, p. 599 

De radioaktiviteit gemeten te Mol 
La radioactivité mesurée à Mol 
J. Colard, J.P. Culot, J.P. Deworm, G. Fieuw, 
C. Hurtgcn, G. Koch, W. Siegers, J. Vynckier 
Year 1983 : R 2733 (restricted distribution) 
Year 1984 : R 2736 (restricted distribution) 
Year 1985 : R 2737 (restricted distribution) 

Improvement of isotopic composition measure
ments of plutonium by the use of calibration 
samples for gamma spectrometry 
P. Fettweis, H. Meyer, F. Quik 
In "Nuclear Safeguards Technology 1986" Volume 
2, IAEA, Vienna 1987, p. 363 

Some considerations on Pu gamma branching 
ratios resulting from calibration runs 

performed with the help of PuJ2 - reference 
samples of well defined isotopic composition 
P. Fettweis, F. Quik 
Proceedings of the 9th ESARDA Symposium on 
Safeguards and Nuclear Material Management, 
1987, JRC, Ispra, 1987 (p. 173) 

PARTICIPATION IN COLLOQUIA, SEMINARS AND 
SYMPOSIA 

Photon scattering at the reactor BR2 in Mol 
R. Nol te, F. Schroder, M. Schumacher, P. 
Fettweis 
Verhandlungen der DPG, 4, 1987 Pl-21 

Neutron capture gamma ray studies around BR2 
P. Van Assche, P. Fettweis, A. Spits, E. 
Kaerts, J.C. Dehaes 
Verhandlungen der DPG, 4, 1987 G-5.3 

Seminar on the application of Computer 
Technology to Radiation Protection. IAEA. 
Bled, Yougoslavie, 22-21 June 1987 C. Hurtgen 



147 \\\z 

C H A P T E R 8 

ANALYTICAL CHEMISTRY SERVICE 

F. LIEVENS 



149 

REPORT OF THE ANALYTICAL CHEMISTRY DEPARTMENT 

Page 

8.1 STAFF 150 

8.2 MINERAL CHEMISTRY 151 

8.2.1 Analytical support to S.C.K./C.E.N. R & D activities 
8.2.2 Analysis of water samples from water cooled reactors 
8.2.3 Chemical characterization of PuOg and M0X reference 

samples for Non Destructive Analysis 
8.2.4 Analysis of alloying elements in reactor vessel steel 
8.2.5 Mass-spectrometry of fresh and spent nuclear fuels 
8.2.6 Pb determination by Isotopic Dilution Mass Spectrometry 
8.2.7 U determination in ores 
8.2.8 Analysis of cations in clay water with ICP/AES 
8.2.9 Determination of the elemental composition of ODS 

ferritic steels 
8.2.10 Control of the Pt content in fuel cell electrode 

material 

8.3 ORGANIC CHEMISTRY 155 

8.3.1 Contract activities on behalf of OVAM 
8.3.1.1 Analyses 
8.3.1.2 Chemical analyses related to R & D activities 

for OVAM 
8.3.1.3 Development of reference methods 

8.3.2 Contract activities on behalf of BCR 
8.3.2.1 Reference gases for CO and NO 
8.3.2.2 Reference gases of SO2 in synthetic air 
8.3.2.3 Interlaboratory comparion concerning the 

analysis of 100 ppb of SO2 in air 
8.3.2.4 Initial purity determination of organic 

standard reference materials 
8.3.2.5 Participation in BCR ring tests 

8.3.3 Analytical support to S.C.K./C.E.N, projects 
8.3.4 Analytical support to other institutions and industry 

8.4 NON-NUCLEAR ENVIRONMENTAL RESEARCH AND MEASUREMENT 160 

8.4.1 Environmental Impact Assessment and Environmental Audits 
8.4.2 Primary standards management and calibration facilities 
8.4.3 Gas chromatographic determination of sulfur containing 

compounds 
8.4.4 Geographical mapping of air pollution 
8.4.5 Development of an air pollution sampler controlled by an 

intelligent weather station 



150 

8. ANALYTICAL CHEMISTRY 

8.1 STAFF 

Head of the Department 
Secretary 
Technical Secretary 

F.M. Lievens 
A. Maertens 
R. Ni casi 

SECTION : MINERAL CHEMISTRY 
Head of Section : L. Vandevelde 

Professional Staff 
R. Boden 
J. Defraigne 
I. Delespaul (until 04/30/87) 
K. De Jonghe 

Trainees and Students 
E. Baute 
D. Boomputte 
M. Byloos 
C. Lamalle 
N. Nuyts 

Technical Staff 
A. Bauweraerts 
J. Broeckx 
L. Gelens 
E. Hel sen 
J. Laeremans 
F. Servaes 
A. Stubbé 
J. Wevers 

SECTION : ORGANIC CHEMISTRY 
Head of Section : T. Rymen 

Professional Staff 
J. Vandersteene 
V. Corthouts 
E. Goelen 

Trainees and Students 
S. Kreps 
R. Mijnendonckx 
D. Vanmechelen 

Technical Staff 
A. Aerts 
R. Bormans 
M. Lainbrechts 
G. Leynen 
R. Mangel schots 
J. Swinnen 
R. Swinnen 
L. Vandecruys 
M. Van Sas 
C. Gielen 

SECTION : NON-NUCLEAR CHEMISTRY 
Head of Section : B. Vanderborght (until 01/31/87) 

Professional Staff 
R. De Fré 
F. Veroustraete 

Trainees and Students 
H. Goris 
W. Peeters 
R. Van den Ackerbroeck 

Technical Staff 
Carpentero 
Damen 
Gorissen 
Michiels 

H, Moors 
A. Verheyen 
R. Brabers 
P. Deprez 



151 

8.2 MINERAL CHEMISTRY 

8.2.1 Analytical support to S.C.K./C.E.N. 
R & D activities 

L. Vandevelde 

During the period covered by this report, some 
2500 samples have been analysed for their 
cation, anion, carbon, oxygen or nitrogen 
content. Whenever the nature of the samples 
and the purpose of the analysis allowed so, 
instrumental methods were used, like atomic 
absorption and atomic emission spectrometry, 
ion chromatography and specific carbon, 
nitrogen or oxygen analysers. 

The use of DC-arc or spark atomic emission 
spectrography with film recording of the 
spectra is used for rapid panoramic analyses 
of solids, elemental characterization in 
glove-boxes and some specific impurity 
cc-.trols in refractory materials. 

Inductively Coupled Plasma Atomic Emission 
Spectrometry (IC/AES), despite of more 
frequent controls necessary to cope with some 
instability problems, maintained its high 
yield for most of the analyses of soluble 
samples. Atomic Absorption Spectrometry with 
Electrothermal Atomisation (AAS/ETA) and with 
Hydride Generation (AAS/HG) was used when the 
detection limits needed to be lowered. 

A large amount of isotopic composition 
determinations were performed on nuclear fuels 
by Thermal Ionisation Mass Spectrometry 
(TIMS). This technique was also widely used 
for burn-up analyses, certification of 
reference materials, isotopic analysis of 
breeder candidate materials for fusion 
reactors and safeguards samples. 

Tcr. chromatography was mainly used for anion 
determinations. Liquid samples could 
generally be analysed after an appropriate 
dilution, whilst solid samples were either 
treated by pyrohydrolytic extraction or by 
carbonate fusion. 

X-ray fluorescence spectrometry (XRFS) was 
further used for some specific non destructive 
analyses and follow-up controls. 

Wet chemical methods include all the methods 
with long preparative procedures like liquid 
extractions, chromatographic separations, 
etc., with final determination of the analytes 
by electrochemistry, spectrophotometry, 
titration or polarography. 

portant for : 

- Reactor water surveillance : quality control 
analyses were performed on water samples 
from BR2 and BR3, and occasionally from Doel 
nuclear power plants 

- Radioactive waste treatment : analyses were 
needed for the characterization of vitrified 
wastes and incinerator products and for the 
determination of their corrosion behaviour 
in clay water, as well as for studies 
concerning the experimental underground 
laboratory for waste disposal in clay 

- Reactor vessel surveillance : samples of 
irradiated vessel steel were analysed for 
their Cu and Ni content 

- Environmental survey : in cooperation with 
the section Non-Nuclear Environmental 
Research and Measurement, many samples of 
d:st, trapped on glass filters were analysed 

- Fusion research : analyses were performed on 
candidate breeding materials as Pb-Li 
eutectic and lithium bearing ceramics 

- Support to industry : in the frame of 
specific or general contracts, an important 
amount of analyses has been performed for 
BN, FBFC and other industries 

- Energy applications : various samples were 
analysed for the geothermal energy projects 
and for fuel cell applications 

- Certification of reference materials and 
measurements for Safeguards covered by 
contracts with CBNM, BCR and IAEA 

The requested determinations are project 
dependent and thus specified by the customer. 
The choice of the most appropriate analytical 
method is made by the Analytical Chemistry. 
Table 8.2.1 depicts the interrelation between 
the amount of work and the applied analytical 
methods. 

Table 8.2.1 Distribution of the analyses by 
method 

Method 

AAS 
ICP/AES 
arc/spark AES 
XRFS 
Wet chemical methods 
Ion chromatography 
TIMS 
Physical methods 

Total 

Number of 
samples 

135 
988 
138 
67 
247 
219 
254 
415 

2463 

Number of 
determinations 

153 
4004 
1270 
158 
346 
575 
1840 
574 

8920 

The analytical support was particularly im-
The amount of work which was necessary for 
each programme is depicted in Fig. 8.2.1. 
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It is based on a weighted mean of the number 
of samples received and the number of 
determinations requested, taking into account 
the relative difficulties of the applied 
techniques. 

A Fast Reactors 
B Water Cooled Reactors 
D Radioactive wastes 
E Nuclear metrology 
F Fusion 
L Environment 
N Energy applications 

0 Own tasks 
P Industry 
R BR2 ractor and 

Technology 
W Waste 
X Administration 
Z Work on request 

Fig. 8.2.1 Distribution of the analysis among 
the project 

8.2.2 Analysis of water samples from water 
cooled reactors 

L. Vandevelde 

In order to survey the working conditions of 
nuclear reactors, a regular control of the 
dissolved cationic species is necessary. Such 
a control is mainly performed by using 
ICP/AES. 
Water samples from the primary cooling circuit 
contain however an appreciable amount of 
dissolved boric acid (500 ug/ml) which 
interferes in the measurements by giving poor 
detection limits. 

A procedure has been developed to separate 
boric acid by vaporization as its volatile 
complex with methanol. 
After the complete evaporation of an aliquot 
of the sample, a few milliliter of methanol 
are added to the solid residue and the sample 
is evaporated again. This procedure is 
repeated until boric acid has completely 
disappeared. The solid residue is then 
dissolved in 2 % HC1 to be measured by 1CP. 

This procedure does not only eliminate the 
influence of boric acid, but provides a 
supplementary preconcentration step. 

8.2.3 Chemical characterization of Pu02 and 
MOX reference samples for Non Destructive 
Analysis 

L. Vandevelde 

In the frame of Safeguards activities, 
JRC-Ispra is preparing a set of reference 
samples (PuÛ2 and MOX) for the calibration of 
non-destructive analysis instruments. 
The Analytical Chemistry laboratories of 
S.C.K./C.E.N. will participate to the 
certification of these samples by analysing 
the used materials accurately with destructive 
methods. 
Plutonium and uranium assays will be carried 
out by titration with potenti'ometric end-point 
determination. The isotopic analysis will be 
performed by thermal ionization mass 
spe.trometry. 
The residual carbon content will be controlled 
by combustion and conduçtometric determination 
of the evolved CO2, whilst metallic impurities 
will be analysed by spark source mass 
spectrometry. 
The appropriate sampling procedure - the first 
step in the analysis - has been extensively 
discussed. The work schedule has been fixed 
and the samples delivery is foreseen during 
the second half of the year. 

8.2.4 Analysis of alloying elements in reactor 
vessel steel 

Some 5 samples of irradiated test pieces of 
welded reactor vessel steel have been analysed 
for their Cu and Ni content. 
These elements were separated from the bulk 
solution in the LHMA facilities, using an ion 
exchange procedure, in order to lower the 
residual activity for the analysis with 
ICP/AES. 
Table 8.2.4 gives an view of the analyses 
performed until now. Most of the samples had 
been analysed previously by electron 
microprobe which gives a more local 
information and is therefore more disturbed by 
inhomogeneities. The Cu content of a few 
samples has been measured for comparison by 
NAA at the BRI. 
The agreement between these different 
determination methods can be considered as 
fairly good. 

Table 8.2.4 Analysis of Cu and Ni in reactor 
vessel steel 
Comparison between ICP/AES, electron 
microprobe and NAA analysis 
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Sample 

A 
B 
C 
D 
E 
F 
G 
H 

ICP/AES 

0.149 
0.155 
0.144 
0.118 
0.174 
0.251 
0.367 
0.347 

Cu % 

Microprobe 

0.12 
0.16 
0.15 
0.16 
0.16 
0.26 
0.36 
0.39 

Activation 

0.16 
-

0.17 
0.13 
0.16 
0.29 
0.31 
0.39 

N 

ICP/AES 

0.068 
0.069 
0.080 
0.166 
0.090 
0.117 
0.105 
0.076 

•% 

Microprobe 

0.07 
0.07 
0.11 
0.21 
0.08 
0.12 
0.10 
0.07 

8.2.5 Mass spectrometry of fresh and spent 
nuclear fuels 

R. Boden 

An intensive campaign of isotopic analysis of 
uranium and plutonium for homogeneity tests 
was performed in the framework of a contract 
with Belgonucleaire : more than 160 samples 
were separated and the isotopic composition of 
U and Pu measured. 

On behalf of CBNM/DCS a large number of 
samples were analysed for their uranium and 
plutonium concentration (by titrimetry) and 
their isotopic abundance was measured after 
conditioning and ion-exchange separation. 
As a support to the burn-up determination in 
experimental fuels U, Pu and Nd isotopic 
compositions and concentrations were 
determined with own characterized "spikes". 
As l^Nd suffers from the interference of 
"*Ce long conditioning times are needed to 
burn off the Ce on the filament before a 
measurement can be done. Since Nd is only 
present at the nanogram level at low burn-up, 
interferences of adjacent rare earths 
occasionally occurred as a consequence of 
indequate separation and high blank. 

Sample 2 
Sample 3 

Isotope 

238 
239 
240 
241 
242 

Ref. value 
(mg/g) 

875.2 + 2.2 
875.2 + 2.2 

Ref. Value 
(wt %) 

1.382 
61.984 
22.938 
9.272 
4.424 

Determined 
(mg/g) 

875.7 + 1.3 
876.2 + 2.5 

Determined 
(wt %) 

1.375 
62.020 
22.925 
9.259 
4.421 

Det/Ref 

1.0006 
1.0011 

Det/Ref 

0.9949 
1.0006 
0.9994 
0.9986 
0.9993 

- Safeguards Analytical Lab 
SAL intends to distribute Pu and Pu-U samples 
in a dried form for safeguard analysis. To 
check the procedure 12 dried 4 mg-Pu samples 
were normally transported, some after intense 
shaking at SAL to control eventual losses (by 
measuring 241Am at top and bottom level of the 
vials). Six samples were then analysed by 
Thermal Ionization Mass Spectrometry (TIMS) 
after dissolution of the dried Pu in the vial 
with a solution of Pu-metal spike, to limitate 
the consumption of 242Pu-spike. 

Besides these supporting activities some 
special cases of analyses are worth to be 
mentioned : 
- RE1MEP (Regular European Interlaboratory 
Evaluation Programme) 
The use of Pu-metal as a spike was first 
tested for these samples and compared to 
24'pu-sp1ke and titrimetric results. Although 
some problems with the sample conditioning 
(packing, visible PuÛ2 spots...) and the time 
delay between the different analyses 
(evaporation, weighing), good agreement was 
obtained 

Ref. value 
(mg/g) 

Determined 
(mg/g) 

Vial 

1 
2 
3 
4 
5 
6 

8.2.6 Pb 

Make-up 
(mg) 

4.153 
4.143 
4.133 
4.153 
4.134 
4.151 

determination 
Mass Spectrometry (IDMS) 

Determined 
(mg) 

2L 

4.141 
4.145 
4.133 
4.144 
4.131 
4.153 

Isotopic 

Det/Ref 

0.9971 
1.0005 
1.0000 
0.9978 
0.9993 
1.0005 

Dilution 

Det/Ref R. Boden 

Sample 1 875.2 + 2.2 877.1 + 1,4 1.0022 
To determine Pb i,i sub-microgram to microgram 
quantities in a variety of samples a 
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separation by mass spectrometry, method is 
needed to avoid interferences from the matrix. 
After an extensive literature survey, an 
ancdic cathodic deposition combined with ion 
exchange separation seemed to be the best 
method. 

The major problems, as could be expected, 
arose from the Pb-blank (reagents, labware, 
environment...) and the residual impurities in 
the separated Pb fraction which prohibited a 
good Pb signal in the mass-spectrometer. 

Experiments and results are compiled in the 
thesis of N. Nuyts. [1] 

8.2.7 U determination in ores 

R. Boden 

For the certification of uranium in 2 ores 
intended as Reference Materials a dissolution 
procedure has to be worked out. After several 
preliminary tests the most suitable method 
seemed to be the use of HCIO^ + HF in a teflon 
beaker to decompose the ore. Spike is added 
at the beginning or after the first 
decomposition step. Residues are treated 
again with the same acid mixture, until 
complete dissolution. Separation and 
measurements will soon be carried out. 

8.2.8 Analysis of cations in clay water with 
ICP/AES 

K. De Jonghe 

Clay water often contains appreciable amounts 
of humic acids which can induce severe 
problems when analysed with ICP/AES. It is a 
well-known phenomenon that the presence of 
large amounts of salts or inorganic acids 
strongly influence the excitation yield in the 
plasma source and may thus induce erratic 
results, but this interference can rather 
easily be controlled by measuring samples with 
known additions of the analyte. 
On the other hand, it was observed that the 
presence of humic acids also strongly enhanced 
so called memory effects by increasing 
considerably the time necessary to reach a 
constant signal as well for higher levels as 
for blank measurements. It was suspected that 
those humic acids adsorbed on the inner wall 
of the sample adduction system (pump tubing, 
nebulizer, spray clamber and injector) and 
induced so a partial sticking of the ions by 
chromatographic effect. 
A sample pretreatment was thus found necessary 
in order to destroy the humic acids before the 
analysis. 
Two methods have been tested which both proved 
satisfactory : 

- A known volume of sample is completly dry. 
A few milliliters of concentrated KNO3 are 
added and evaporated to dryness. The sample 
is then dissolved in a known volume of 5 S 
HNO3 and measured. 

- A known volume of sample is evaporated to 
dryness and ashed for one hour at 450°C. 
The residue is dissolved in a known volume 
of 5 % HNO3. 

Relative errors of about 20 % could so be 
reduced to 1-2 %. 

8.2.9 Determination of the elemental 
composition of OPS ferritic steels 

K. De Jonghe 

The composition of oxide dispersion-
strengthened (ODS) ferritic steels is 
determined by X-ray fluorescence spectrometry 
(XRFS). However, correction factors for 
interelement matrix effects have been tested 
successfully for genuine austenitic and 
ferritic stainless steels, they were not 
suitable for the concentration ranges used in 
ODS steels. 

A sample issued from the normal fabrication 
process was thus accurately characterized by 
destructive methods to serve as a reference 
sample, allowing a direct comparison with 
unknown samples with about the same 
composition. The constant evolution of 
research in the field of ODS steels increased 
the mismatching between the reference sample 
and the unknown, inducing thus errors in the 
analyses. 

Interelement influence corrections have been 
computed in order to cope with these 
discrepancies and to reduce the error from 5 % 
relative to 2 S relative or better. 

8.2.10 Control of the Pt content in fuel cell 
electrode material 

K. De Jonghe 

I t was suspected that the ageing process of 
fuel cel l electrodes might considerably 
decrease the Pt content in the tef lon layer. 
As the analytical problem could be restr icted 
to a comparison between new and aged 
electrodes, i t was decided to avoid time 
consuming destructive methods and to proceed 
to an investigation by X-ray fluorescence 
spectrometry. 
Both the Pt La signal from the tef lon layer 
and the Ni Ka emission from the sustaining 
frame were measured. 
During a preliminary check, the homogeneity of 



155 

the Pt d is t r ibut ion in new elect"odes was 
found to be 4 % relat ive or better. The Ni 
s ignal , measured through the tef lon layer, 
f luctuated however too much to be used as an 
internal standard. 
Despite the tef lon thickness of the aged 
samples was often modified by mechanical 
stresses, i t was shown that the amount ui r t 
remained f a i r l y constant, and that the 
observed modifications of the performances 
were probably due to other phenomena [ 2 ] . 

8.3 ORGANIC CHEMISTRY 
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8.3.1 Contract ac t iv i t ies on behalf of OVAM 

8.3.1.1 Analyses 

V. Corthouts, J. Vandersteene, T. Rymen 

Analyses requested by OVAM are explicitly 
related to the characterization of liquid and 
solid wastes, in order to allow adequate 
classification and subsequent treatment. 
All data regarding the numbers of parameter 
determinations over the period covered here, 
are summarized in Fig. 8.3.1.1, which also 
shows the evolution that occurred from 1985 
through 1986 to 1987. 

8.3.1.2 Chemical analyses related to R & D 
activities for OVAM 

V. Corthouts, T. Rymen 

The R & 0 activities, mainly performed in the 
Chemical Technology department, required the 
following supporting analyses : 

Type of 
analysis 

General 
parameters 

Ion 
chromatography 

Total Organic 
Carbon 

Heavy metals 

CI and S 
after burning 

TOTAL 

Number of 
samples 

13 

123 

68 

253 

9 

466 

Number of 
determinations 

48 

492 

68 

3542 

18 

4168 

The samples were mostly related to leach tests 

Fig. 8.3.1.1 Waste parameter determinations in 
1985, 1986 and 1987 

8.3.1.3 Development of reference methods 

J. Vandersteene, T. Rymen 

For the chemical analysis of different types 
of wastes, three propositions concerning 
recommended analytical methods were 
formulated : 
- the determination of organic amin-M 

(16 compounds); 
- the analysis of chlorinated hydrocarbons 

(9 compounds); 
- the determination of organic solvents 

(63 compounds with restricted solubility in 
water). 

Each method is applicable to the analysis of 
water, sludge, oil and solid waste. 

The optimum analytical parameters were 
determined for the future development of three 
additional analytical procedures : 
- gas chromatographic determination of water 

soluble organic solvents using dual 
capillary column - dual flame ionization 
detection techniques; 

- analysis for organic acids in water by high 
pressure liquid chromatography and 
UV-spectrophotometric detection; 

- qualitative determination of chlorinated 
pesticides and organo-phosphor insecticides 
using two-dimensional thin layer 
chromatography. 

8.3.2 Contract activities on behalf of BCR 

8.3.2.1 Reference gases for CO and NO 

E. Goelen, T. Rymen 

BCR contract No. 1573/l/9/179/83/6-BCR-B(20) 

This contract covers a period of six years 
(1983 to 1989) and involves certification and 
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follow-up of five batches of 100 gas 
cylinders, containing standard reference gas 
mixtures for environmental measurements. 
The control measurements performed after two 
years of storage (Table 8.3.2.1) prove that 
stability as well as homogeneity of each of 
the batches is excellent. 

Table 8.3.2.1 Certified concentrations d 
control measurements after two years storage 

CRM 
No. 

313 
314 
315 
316 
317 

Gas 
type 

CO 
CO 
CO 
CO 
NO 

Units 

* 
ppm 
ppm 
ppm 
ppm 

Certified 
value & (1) 

4.483 + 0.013 
500.9 + 1.5 
50.2 + 0.2 
9.63 + 0.03 
95.7 + 0.4 

Value upon 
control & (2) 

4.484 + 0.002 
500.9 + 0.1 
50.20 + 0.02 
9.63 + 0.01 
95.7 + 0.1 

(1) Standard deviation over the different cer
tifying laboratories 
(2) Standard deviation for the analysis of 14 
random samples by S.C.K./C.E.N. 

8.3.2.2 Reference gases 
air 

of S02 in synthetic 

E. Goei en, T. Rymen 

BCR contract No. 2231/l/2/235/85/7/-BCR-B(10) 

An elaborate set of tests was performed in 
order to demonstrate the possibility of 
accurate S02 determinations at sub-ppm levels. 
Our findings and the resulting procedure were 
condensed in a report which was ful ly approved 
by BCR responsibles. 
The f i rs t batch of cylinders, containing a 
nominal concentration of 400 ppb of SO2 in 
air , was checked and the results were compared 
with those found by the manufacturer (Fig. 
8.3.2.2). 

PPB SO, IANAIYSIS SCK! 

Fig. 8.3.2.2 Comparison of concentration data 
obtained by S.C.K./C.E.N, with those indicated 
by the manufacturer 

Additionally, the amounts of H20, NO, N02, CO, 
C02 and total hydrocarbons, possibly present 
as impurities, were determined. No 
unacceptable contamination levels were 
detected. 

8.3.2.3 Interlaboratory comparison concerning 
the analysis of 100 ppb of S02 in air 

E. Goelen, T. Rymen 

BCR contract No. 1937/l/9/235/84/ll/-BCR-B(10) 

In order to anticipate problems that might 
arise upon a certification analysis of 100 ppb 
S02 in air by different laboratories, BCR 
requested an interlaboratory comparison to be 
organized by S.C.K./C.EN. The ultimate goal 
of this excercise is the demonstration that an 
acceptable agreement between different 
laboratories car Se obtained, provided that 
adequate calibration methods and measuring 
procedures are used for analysis. 
S.C.K./C.E.N. has to assist to the 
measurements in the different laboratories, to 
perform a control analysis and to collect and 
evaluate the results. The completion of this 
excercise is scheduled for late 1987. 

8.3.2.4 In i t ia l purity determination of 
organic standard reference materials 

J. Schoeters, T. Rymen 

BCR contracts No. 2264/l/5/274/85/8-BCR-B(10) 
2265/l/5/254/85/8-BCR-B(10) 

Within these contracts, the following 
analytical services were provided to BCR : 

- purity checks on : 

benzo(j)fluoranthene 
cyclopenta(c,d)pyrene 
benzo(a)pyrene 
9-amino-acridine 
2-nitrofluorene 
3-hydroxy-benzo(a)pyrene 
2-amino-3-methyl-imidazo(4,5-f)quinoline 
2-am1no-3,8-dimethy1-imidazo(4,5-f)quinoxaline 

- homogeneity checks on : 

6-n1trochrysene 
picene 
2-nitronaphthalene 

8.3.2.5 Participation in BCR ring tests 

J. Schoetv ,-s, T. Rymen 

A main problem in the quantitative analysis of 
environmental and biological samples for trace 
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organic impurities i s the non ava i l ab i l i t y of 
suitable and cer t i f i ed reference samples. As 
a consequence, the methods developed for 
analysis can only be checked pa r t i a l l y . 
Indeed, whereas compound losses during sample 
clean-up can adequately be determined and 
compensated by using the appropriate internal 
standards, the determination o f extraction 
ef f ic iencies always leaves a large gap of 
uncertainty. Generally these eff ic iencies can 
only be estimated by running a second 
extraction cycle on the sample and analysing 
the result ing sample separately. Obviously, 
th is procedure never guarantees that a l l of 
the compounds under investigation have been 
extracted completely. I t only indicates the 
rate of eff iciency of the extraction 
procedure. 

As a resul t , analysis performed on such 
samples often lack precision as well as 
accuracy. This is certainly true when the 
analysis of polychlorodibenzo(p)dioxins or 
polychlorobiphenyls is involved. 
In order to eliminate these problems, BCR has 
the intention to make available a number of 
reference samples ce r t i f i ed for these 
compounds. 
One of the reference materials under 
investigation is a f l y ash, which w i l l be 
ce r t i f i ed for polychlorodibenzo(p)dioxins and 
polychlorodibynzofuranes. 
In a f i r s t stage of the invest igat ion, a l l 
laboratories whishing to part ic ipate in the 
ce r t i f i ca t ion excercise, have to demonstrate 
their a b i l i t y to analyse dioxin solutions of 
rather simple composition. Subsequently, a 
second excercise was organized requiring the 
quanti tat ive determination of a set of dioxin 
isomers in a cleaned-up f l y ash extract . The 
main problem of th is analysis l ies in the 
extreme care that has to be taken in order to 
succeed in the separation of a l l isomers by 
capi l lary gas chromatography. Adequate 
resolution can be obtained only by using high 
polar i ty stationary phases such as Sil 88. 
Although we found the i n i t i a l qual i ty of this 
type of column to be excellent, we detected a 
rather important deterioration of this qual i ty 
after a few sample in ject ions. These adverse 
effects are probably caused by solvent 
str ipping of the stationary phase, occurring 
at the injector side of the column, where the 
solvent is condensed when analysing according 
to the solvent trapping procedure. We 
succeeded in solving th is problem by 
connecting an empty piece of three meters of 
fused s i l i ca capi l lary to the analyt ical 
column at the in jector end. This s l igh t 
modification resulted in a constant 
chromatographic quality without deteriorating 
chromatographic resolution. 
Fig. 8.3.2.5.a is an i l l us t ra t i on of this 
separation capabil i ty as obtained for the 

group «f tetrachlorcdibenzQ'n^fjiQy.ins, The 
isomer marked by x is the extremely toxic 
2,3,7,8-tetrachlorodibenzo(p)dioxin, which is 
present at a concentration of 12 ppb. 
Table 8.3.2.5.a compares the results obtained 
by SCK/CEN with overall averages for a l l 
isomers to be determined. 

Table 8.3.2.5.a : comparison of SCK results 
with overall averages and standard deviations 
( in ppb) 

Dioxin isomer 

1,2,3,4-tetra 
2,3,7,8-tetra 
1,2,3,4,7-penta 
1,2,3,7,8-penta 
1,2,3,4,7,8-hexa 
1,2,3,6,7,8-hexa 
I,2,3,7,8,?-hexa 

SCK/CEN 
results 

61.9 + 2.5 
11.5 + 0.8 

141 + 13 
9 4 + 6 
9 3 + 6 
222 + 16 
180 + 12 

Overall 
results 

60.4 + 4.3 
12.2 + 11.7 
115 + 43 
90 + 12 
84 + 16 
218 + 32 
169 + 19 

rV-W • » i ) 1 1 » ' 1 1 1 1 ' i » • » ' 1 1 1 » i , 1 1 1 . 1 1 1 1 1 1 1 1 1 1 1 

1 9 . 0 20 . 0 2 1 . 0 2 2 . 0 2 3 . 0 2 4 . 0 2 5 . 0 2 6 . 0 27 

Fig. 8.3.2.5.a The separation of tetrachloro-
dibenzo(p)-dioxins from a f l y ash sample at 
optimum resolution on a Si l 88 column 

The following stages of the excercise w i l l be: 
- the analysis of a raw f l y ash extract 
involving clean-up as well as analysis; 
- the analysis of the or iginal f l y ash, 
requiring extract ion, clean-up and analysis. 

Once a reference sample has been c e r t i f i e d , 
BCR focusses upon the analyt ical methodology 
applied in d i f ferent laboratories and 
organizes interlaboratory comparisons using 
the cer t i f i ed reference sample as an unknown. 
In th is way, a l l par t ic ipat ing laboratories 
get the opportunity to check the i r own 
capabi l i t ies and to learn from subsequent 
discussions. 
In this context SCK/CEN recently participated 
in an excercise regarding the determination of 
a dedicated set of polychlorobiphenyls in a 
standard f ish o i l , which had been previously 
cer t i f ied by BCR. This task was a real 
challenge to us as we had never before been 
involved in the analysis of biological 
matrices. The sample was cleaned up according 
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Fig. 8.3.2.5.D 

The results of the final analysis, performed 
by combined gas chromatography - mass 
spectrometry, are summarized in Table 
8.3.2.5.b and compared with the certified 
values. 

PCB isomer 

2 ,4 ,4 ' - t r i 
2,2' ,5,5'-tetra 
2,2',4,5,5'-penta 
2,3',4,4',5-penta 
2,2',3,4,4',5'-hexa 
2,2',4,4',5,5 ,-hexa 
2,2',3,4,4 , ,5,5 ,-hepta 

SCK 
results 

2 4 + 7 
4 8 + 4 
84 + 1 

119 + 2 
133 + 10 
146 + 3 
3 3 + 5 

Certified 
values 

28 + 11 
60 + 17 

102 + 38 
127 + 36 
176 + 50 
159 + 40 
54 + 13 

It follows that 6 out of 7 of our results are 
within the 1 sigma confidence interval set by 
certification, while all seven are within the 
2 sigma confidence limit. 

8.3.3. Analytical support to S.C.K./C.E.N. 
projects 

V. Corthouti, J. Schoeters, T. Rymen 

This analytical support is related to internal 
S.C.K./C.E.N. projects and to contract work 

performed under the res^onsab^lity of other 
groups. Over the period covered here (from 
1/7/86 to 31/6/87), 1087 samples h»ve been 
analysed, resulting in 5517 determinations of 
elemental or molecular constituents. Fig. 
8.3.3 illustrates the aist.ibution of these 
activities over the three analytical 
disciplines involved, as well as the evolution 
when compared to the equivalent period in 
1985-1986. 

Services rendered in the field of elemental 
analysis involved spark source mass 
spectrography, inductively coupled plasma 
spectrometry, total organic carbon analysis 
and ion chromatography. Our most frequent 
customers were the departments of Nuclear 
Chemistry (u^Og and Pu), Chemical Technology 
(electrolytic silver, coal, sludges and 
compost), Technical Services (cutting oil) and 
Waste (waters). 

Gas extraction combined with selective 
adsorption was used for the determination of 
residual water in sintered ceramics 
(department of New Materials). 
Gas chromatography and gas mass spectrometry 
were applied for the •'etermi nation of 
hydrogen, oxygen, carbon dioxide, carbon 
monoxide, nitrogen, xenon, krypton, volatile 
hydrocarbons and sulfur compounds. These 
analyses were related to post-irradiation 
research (Laboratory for radioactive 
materials), geological disposal of radioactive 
waste (department of Nuclear Chemistry), 
liquid metal research (department of 
Technology) and waste conditioning (department 
of Metallurgy). 
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Fig. 8.3.3 Distribute n of supporting 
activities over the analy ical disciplines in 
1986 and 1987 

Analyses for organics ir.volved the following 
types of samples and determinations : 
- polyaromatic hydrocarbons and polychlorina-

ted biphenyls in river sludge and 
environmental samples; 

- polychlo.Mnated biphenyls in water (labora-
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tory tests on destruction of PCB's by 
UV-irradiation and microbiological 
deçradati'-i) ; 

- polychlor.nated biphenyls and terphenyls in 
the oils of existing S.C.K./C.E.N. 
equipment; 

- chlorinated hydrocarbons, organic acids and 
aldehydes in different types of samples; 

- overall identification of organic impurities 
present in sludge and environmental samples 
of different origins. 

8.3.4 Analytical support to other institutions 
and industry 

•»*' E. Goelen, J. Schoeters, T. Rymen 

External customers submitted a total amount of 
168 samples for analysis, which resulted in 
3554 determinations of elemental and organic 
constituents. Fig. 8.3.4 shows the 
distribution of these analyses over the 
analytical disciplines involved, and the 
evolution when compared to the equivalent 
period for 1985-1986. 

IBïlK 
ELEMENT * GAS AN. ARGAN. 

ANALYTICAL DISCIPLINE 

Q9 1911 E3J 1917 

AN TOTAL 

Fig. 8 3.4 Distribution of external services 
over the analytical disciplines in 1986 and 
1987 

In the field of elemental analysis, the 
following services y/ere rendered : 
- determination of metallic and rare earth 
impurities in UOg-PuOg (Belgonucleaire); 
- determination of all rar? earths in 
Gd203-L102 nuclear fuel (FBFC); 
- determination of all impurities present in 
Uj08 and Pu (BCMN). 
All of these analyses were performed by spark 
source mass spectrography. 

The group specialized in gas analysis was 
responsible for the regular control of 18 gas 
cylinders, regarding the purity, stability and 
homogeneity of their content (SO2 and N02 

mixtures from Messer Griesheim). 
Additionally, they carried out a relatively 
important number of analyses on special gases 
contained in double-glass windows (Glaverbel). 
For these applications, the use of gas 
chromatography with thermal conductivity de

tection, gas mass spectrometry and compound 
specific "editors, was imperative. 

Organic analyses involved the quantitative 
determination of polychlorinated biphenyls in 
raw dust (cimenterie ton Lixhe), in 
chlorinated industrial wastes (Tessendtrlo 
Chemie and Occidental Chemicals) and in 
contaminated soil (Pauwels Trafo). 
Polychlorinated dioxins and dibenzofuranes 
were determined in dust from a conventional 
electrical power station (Magotteaux S.A.), 
industrial sludge (Cockerill Sambre) and in a 
sample from a suspect reservoir (BRT 2). 
Due to the complexity of these samples and the 
ultimate sensitivity required, all of these 
analyses were performed by combined gas 
chromatography - mass spectrometry. 

An interesting development during this period 
was the appreciable increase of requests for 
the determination of organic micropollutants 
in surface- and waste waters. These analyses 
are characterized by the extremely low 
concentration levels (ppb range) at which 
impurities have to be identified. GC-MS 
identification however is limited to a 
concentration of 10 ppm or more. Until now, 
*hese analyses were performed after solvent 
extraction and concentration of the extracts 
by solvent blow-off with a gentle stream of 
ultra clean nitrogen. Although rather 
efficient, these procedures were found to be 
very laborious and especially verv time 
consuming due to the large extraction volumes 
involved. These disadvantages can be 
eliminated by performing the preconcentration 
step via absorption of the impurities on solid 
sorben' This adsorption can be followed by 
extr -cive desorption, using restricted 
volumes of desorbing solvents. 
Our efforts in setting up such a new method, 
were focussed upon the groups of compounds 
summarized in Table 8.3.4.a. 

Table 8.3.4.a : compound groups selected on 
the basis of their environmental importance 

compound group 

polyaromatics 
polychlorinated 

biphenyls 
phenols (weak acids) 
aromatic amines 

(weak bases) 
pesticides 
organic phosphates 

test compound 

naphtalene 
biphenyl 

dimethylpheno' 
aniline 

lindane 
tributylphosphate 

Code 

A 
B 

C 
D 

E 
F 

Table 8.3.4.b shows the results obtained with 
different adsorbents upon concentration of 
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lOQ ml of water at pH = 6.5, containing all of 
the impurities at the 1 ppm level. The water 
flow was 3 ml per minute and desorption was 
performed by extracting twice with 1 ml of 
solvent. 

Table 8.3.4.b : preconcentration results for 
compounds A through F on different sorbents 

Sorbent — > XAD-2 Tenax 
Compound 

A 57 88 
B 57 84 
C . 74 95 
D 5 93 
E 71 94 
F 73 96 

solvent diethyl diethyl 
used ether ether 

It follows that both Porapack Q and Tenax are 
good sorbents for preconcentration of 
compounds A through F. 
Subsequent tests, performed on both sorbents, 
showed that sample pH is a critical factor 
only for compounds such as phenols (weak 
acids) and aromatic amines (weak bases). 
However, it was also found that the presence 
of electrolytes in the sample does not 
influence the sorption characteristics towards 
the compounds under investigation. As a 
consequence there are no objections to 
adjustment of sample pH before 
preconcentration. Sample flow is not a very 
critical parameter : tests at sampling speeds 
of 3, 10 and 30 ml/min resulted in recoveries 
that are constant within the experimental 
errors. At a sample flow of 3 ml/min, we 
could not detect any break-through up to a 
concentration of 10 ppm. Finally, the 
preconcentration of a 1 1 sample, containing 
all test compounds at a concentration of 
0.1 ppm, still yielded recoveries that are not 
significantly different from the original ones 
summarized in Table 8.3.4.b. 
In conclusion, Porapack Q and Tenax, 
individually or mixed, seem to offer excellent 
possibilities for the oreconcentration of 
these types of environmental pollutants from 
water samples. Taking into account the 
experimental results gathered so far, and 
adding a solvent evaporation step down to a 
final volume of 100 microliters, the lower 
concentration limit for their identification 
by GC-MS is reduced to the low ppb level. 
Nevertheless, a final conclusion regarding the 
applicability of the method, will only be 
possible after an elaborate investigation of 
the effects caused by different classes of 

possibly accompanying compounds. 

XAD-8 Porapack Q XAD-4 

54 80 49 
70 80 48 
59 100 25 
46 100 3 
47 100 50 
59 99 52 

diethyl aceton 10 % diethyl 
ether ether in nC6 

8.4 NON-NUCLEAR ENVIRONMENTAL RESEARCH AND 
MEASUREMENT 

8.4.1 Environmental Impact Assessment and 
Environmental Audits 

Starting from January 1987, new projects of 
Environmental Impact Assessment (E.I.A.) and 
Safety Studies are coordinated by the "V.Z.W. 
Milieu en Veiligheid" as the main contractor 
toward the industrial client. The 
participating members of the V.Z.W. : 
S.C.K./C.E.N., LISEC and W.E.S. (Westvlaams 
Economisch Studiebureau) act as subcontractors 
and divide the E.I.A. research work among 
themselves according to the individual 
specialities and time availability. 

From before the foundation of the V.Z.W. one 
E.I.A. project for a large plant in the 
agro-industrial sector is still running for 
which the S.C.K./C.E.N. is the main contractor 
and collaborates with the University of 
Louvain (K.U.L.) for the noise study and with 
W.E.S. for the road traffic impact study. 
S.C.K./C.E.N. undertook and completed with own 
personnel the impact studies in the following 
fields : 
- Air pollution (Analytical Chemistry & 

Radiation Control Services) 
- Solid wastes (Analytical Chemistry Service) 
- Waste water (Chemical Technology Department) 
- Process Technology (Chemical Technology 
Department 

- Energy and cooling (General Workshop -
Energy Bus) 

During the air pollution study, two 
interesting problems were encountered, which 
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are briefly described below. 
1. The clouds from the cooling ttiwers and the 

wet plumes of the evaporators were accused 
of deteriorating the local climate, 
especially of elevating the air humidity 
with negative effects on human health. 
The water emissions of the evaporators were 
measured, and for the cooling towers, 
derived from energetic considerations. 
The Immission Frequency Distribution Model 
(IFDM) was applied to the athmospheric 
dispersion of the plumes and combined with 
existing meteorological data in order to 
determine the statistical contributions of 
the plumes to local mist and air humidity. 
It was demonstrated that this effect was 
negligible and a two-month campaign of 
humidity measurements in the neighbourhood 
confirmed this finding. 

2. Odor was emitted through several stacks on 
the roof of the plant, and possibly also by 
other diffuse sources such as windows of 
the factory building. The quantity of odor 
emission through the stacks was measured 
with test panels by means of the 
olfactometer described in the previous 
Progress Report, and expressed as a number 
of odor units. 
One odor unit per cubic metre, by 
convention, is the concentration which can 
still be perceived by 50 % of the test 
persons. 
On the other hand, the immission levels of 
the odor, i.e. the extent to which it was 
spread into the surrounding city, was 
explored by another type of odor panel : 
people were sent out to walk through the 
streets and to draw on a map the boundary 
of the region where the odor could be 
perceived. These border lines were drawn 
on several days with different 
meteorological conditions, and it was 
assumed that they coincide with a 
concentration of 1 odor unit per cubic 
metre. 
From the confrontation of emission and 
immission data with a mathematical model we 
expected to be able to decide whether the 
stack emissions or the diffuse emission 
were causing the spread of odor through the 
city. 
Additionally, two tracer diffusion 
experiments with SFg gab, one to simulate 
the stack emissions and one for the diffuse 
emissions, were carried out as a support 
for the model calculations in the 
complicated city landscape. 
The results of the dispersion modelling 
showed that : 
- the odor immission pattern could not be 
explained by one type of sources alone ; 
- the total amount of emitted odor units 
through the stacks had to be significantly 

higher than those originally measured 
with the olfactometer. 
New olfactometry measurements with 
special precautions (no dust filters or 
condensate traps in the sample lines, 
large sample stream, odor-free test room) 
proved that the emission was in fact 
several times higher than first assumed. 
This last experience illustrates that the 
human nose is a very subjective 
instrument and that it cannot be expected 
to give results of an accuracy near to 
that of an analytical instrument. 
However, before the olfactometry 
appreciation, the odorous emissions were 
subjected to an extensive series of 
chemical analyses : organic carbon 
content, aldehydes, sulfur compounds, 
hydrocarbons and GC-MS identification 
analysis, but none of these techniques 
allowed to indicate unequivocally which 
compouno(s) was (were) the most important 
odor components. 

The "V.Z.W. Milieu en Veiligheid" ordered an 
Environmental Audit of a non-ferro 
metallurgical plant. S.C.K./C.E.N, prepared 
the studies on air pollution, the 
technological evaluation of the emission 
reduction processes, and some other less 
important topics. 

The main reason for the audit was a future 
more stringent limit on sulfur dioxide 
eniscions, which the plant in its actual state 
is not able to meet, unless gas cleaning 
equipment is installed. 
The environmental audit focused on the S0£ 
emission measurements (Fig. 8.4.1.a, 8.4.l.b), 
the measurements of actual immission levels in 
the area, and the prediction of the future air 
pollution situation by means of the IFDM 
dispersion model for a number of scenarios. 

Great importance was attached to this audit by 
the authorities who asked to be informed of 
the results in a hearing before the study was 
even finalized. 

Othsr parameters of air pollution measured in 
the course of the audit were : sulfuric acid 
emission, dust and heavy metal emission from 
different stacks (Fig. 8.4.1.c), suspended 
particulate matter and fallout from ore piles, 
processes and dump sites. 
The plant direction especially valued the 
S.C.K./C.E.N. know-how and analytical 
experience in the determination of less 
frequently occurring or difficult to measure 
metals (e.g. mercury) and proposed to assist 
in their pilot plant tests on a new 
metallurgical process. 
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Fig. 8.4.1.a and 8.4.1.b Continuous measurement of SO2 with flame photometric analyser 

At fixed conditions of temperature, gas flow 
and pressure, permeation tubes release 
microgram quantities of the pure pollutant gas 
at a constant rate. Introduction of this gas 
into a known flow of a non-reactive carrier 
gas provides a relatively uncomplicated and 
reliable dynamic way of calibration. 

The mass flow of a permeation tube can be 
determined gravimetrically; in that sense the 
permeation tube can be considered as a valid 
primary standard. The use of permeation tubes 
as primary standards in practice demands the 
facilities of an experienced calibration 
laboratory. 

The diffusion rate of p°'"meation tubes is 
governed by the material of the membrane used, 
the temperature (vapour pressure, permeation 
coefficient) and the partial pressure outside 
tne permeation device (flow rate carrier gas). 
The temperature dependence of the permeation 
mass flow is large, generally of the order of 
10 I for 1 degree Celsius. This is a 
consequence of the exponential relationship 
existing between the vapour pressure of the 
pure gas in the permeation tube and 
temperature. 

Fig. 8.4.l.c Stack sampling for heavy metals 
in particulate emissions with an isokinetic 
probe 

8.4.2 Primary standards management and 
calibration facilities 

F. Veroustraete 

Permeation tubes have gained wide use as a 
means of generating ambient level pollutant 
concentrations for the calibration of monitors 
and the testing of analytical procedures or 
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10. NR. 
MEMBRANE TYPE 
TARRA «g» 
FILL DATE 
GAS SPECIES 

DATE 

10/06/M 
30/06/06 
10/07/M 
05/00/06 
15/09/06 
00/10/46 
24/10/06 
27/10/06 
10/11/06 
01/06/07 
10/00/07 

TIME 

0,50 
10.00 
9.15 
9.00 

12.15 
10.00 
11.45 
9.00 

14.00 
11,30 
16,53 

PERMEATION TUBE 

878 
Teflon 
3U64O0 

STORAGE 
THICKNESS :0.0000 LENGTH (mm) 
BRUTO WEIGHT(g) .41.74778 NETTO CONTENT(g) 

12/06/86 FILL TIME :11.00 
502 TEMP. PC» :32 

TUBE M. 
DIAM. (mm) 

GRAVIMETRIC CALIBRATION 

PT.c 

(!) 
07.0101) 
09.29000 
06.56209 
06.51700 
06.60009 
06,03331 
01.66411 
01.00724 
06.27063 
00.00409 
06.12076 

W C W PT WL 

fo| ' * ' l9» 
45.20534 41.73204 0.01494 
47.59367 41.70513 0.02771 
44,00031 41.60250 0,02255 
44.09201 41.42499 0,0575» 
45.14704 41.53325 0.09174 
45.34700 41.40(31 0.04694 
40.10040 41.40371 0.00260 
40.33004 41.47720 0.00651 
44.05200 41.42655 0,05065 
47.09169 40.99320 0.4333S 
45,20534 40.03542 0.15770 

à TIME 
taml 

0510 
17350 
14355 
37425 
59235 
3290S 
23145 

4155 
31900 

200650 
101123 

E - I 
Idayl 

097 
9/4 
901 
975 
920 
907 

12406 
092 
061 
600 
610 

RATE 

H - i 
1,76 
1.60 
1.57 
1.54 
1.55 
1.42 
0.11 
1.57 
1.50 
1.54 
1.5* 

BF-3 
0.0000 
2.28 
1 
0,0000 

V. LEFT 

99.34 
90.30 
97.31 
94.70 
90,76 
00.70 
00.50 
00.30 
06.01 
67,07 
«0.15 

Table 8.4.? Example of a file from the penneation tube database 

Permeation devices in general consist of FEP 
teflon containers, sealed with glass beads or 
stainless steel containers with a teflon 
penneation tip. Both types contain the 
liquefied gaseous substance under pressure. 
The permeation process depends primarily on 
the dissolution of the gas in the teflon and 
on the diffusion of the gas through the teflon 
part to the outer surface. Once at the outer 
surface, the gas evaporates into the air 
stream. A report from Bauer (1951) 
demonstrates that gases usually obey the 
diffusion law, that the permeation rate is 
proportional to the difference in pressure, 
and that the permeation rate is inversely 
proportional to the wall thickness, and 
directly proportional to the surface area. In 
this way by changing the dimensions of a 
teflon tip, suitable permeation rates can be 
obtained for use in practice. 

follows Fick's law : 

q = - DA(dp/dx) 

wherein, q is the quantity of gas diffusing 
per unit time through the teflon surface A; D 
is the diffusion constant and dp/dx is the 
concentration gradient across the teflon wall. 

It should be noted that diffusion through a 
rubberlike polymer differs from that in a gas 
since this requires an energy of activation 
for the permeation process to occur. When the 
diffusing molecule and its surroundings have 
sufficient energy, it ruptures the weak 
intermolecular bonds of the polymer and jumps 
to a new equilibrium position. The energy of 
bond recombination behind it is dissipated. 
Thus the gas molecules move in a series of 
discontinuous jumps through the medium. 

An example of the influence of membrane 
thickness on permeation rate for SO2 and NO2 
permeation tubes is shown in Fig. 8.4.2.a. 
Here the inverse proportionality between 
wallthickness and permeation rate is clearly 
demonstrated. 

The main driving force for the permeation 
process to occur is the concentration gradient 
between the inside and the outside walls of 
the tube. If the solubility of the gas in the 
teflon is low and Henry's law is followed, the 
rate determining step is the diffusion step. 
Under steady-state conditions the process 

The influence of temperature on the 
performance characteristics of a permeation 
tube can be demonstrated with the following 
relationship : 

P • P 0e"
E / R T 

wherein p is the permeability at absolute 
temperature T; P0 is the permeability 
constant; E is the activation energy, 
including the heat of vaporization of a 
liquefied gas and R is the universal gis 
constant. 
Since a l l variables are fixed by the choice of 
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the geometry of the teflon tube and by the 
properties of the compound, the rate of gas 
permeation through the teflon tip should be 
constant at any given temperature. For sulfur 
dioxide for example, the vapour pressure on 
the inside of the tube at 20°C is 3.2 atm. 
The partial pressure of SO2 outside the tube 
is virtually zero since it is removed 
continuously by a diluent gas stream. The 
rationale of this is that at constant 
temperature, the partial pressure differential 
also remains constant. Since temperature as 
indicated by the relationship above induces 
large permeation differences with small 
temperature differences, temperature control 
should be rigorously executed within 0.1°C or 
less. 

The life history of a permeation tube can be 
divided in three stages characterized by the 
tube emission rate as a function of time : we 
obtain the saturation stage, the steady-state 
stage and the depletion stage. It is only the 
steady-state stage which is useful for 
calibration purposes. It is in this stage 
that S.C.K./C.E.N, performed stability tests 
for permeation devices with several pollutants 
of which some examples are given in the next 
three figures (8.4.2.b, 8.4.2.C, 8.4.2.d). 
Good stability is obtained during extended 
periods for a permeation tube filled with SO2 
and conditioned at a temperature of 32°C. 
Also shown in the last two figures (8.4.2.C, 
8.4.2.d) is the influence on the permeation 
rate and its subsequent recovery of storage at 
-25°C in a deepfreezer. Since the original 
permeation rate can be reproduced after 
storage, a good way of storing primary 
standards when not in use during extended 
periods is available. 

In order to facilitate the management of the 

primary standards just described, a database 
has been developed, allowing calculation of 
permeation rates, expected lifetimes and the 
remaining amount of liquid phase left on the 
basis of weighing data and gas physical data. 
Each permeation tube in the database is 
identified by its serial number. An 
illustration of the stored data is given in 
Table 8.4.2. Data specific for each permeation 
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Fig. 8.4.2.b Stability of SCK permeation tubes 

29.MV-M 03-May-87 

Fig. 8.4.2.C Stability of SCK permeation tubes 
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tube (in this example No.878) are stored 
together with weighing data, each 
corresponding with a certain time and day. 
Input data are the date and time of weighing 
together with weight loss. Parameters as 
expected lifetime (E-L in days), permeation 
rate (AFG in ug/min) and the volume left ir 
the permeation tube (R vol.%) are calculated 
after each weighing and added to the database. 
It is clear that in this way reliable primary 
standards can be obtained with a continuous 
follow-up of each permeation tube histories. 

As a last item in this chapter it should be 
noted that the precision and accuracy of the 
permeation rate from each tube and for a 
particular gas, depends upon the precision and 
accuracy of the weighings and on the degree of 
temperature control. 

As conclusion it can be stated that for many 
applications and many gases, permeation tubes 
are extremely useful tools in the preparation 
of mixtures for use in dynamical calibration 
procedures over a wide range of 
concentrations. Some of the currently used 
standards now available are S02, NO2, NH3, 
C2HaO, C2H3C1, CH3SH, H2S, COS, HC1 and 

8.4.3 Gas chromatographic determination of 
sulfur containing compounds 

F. Veroustraete 

In the context of campaigns organized for the 
execution of contracts for industrial partners 
or governmental agencies, a strong need became 
apparent for the development of a fast, 
automatic and reliable procedure for the 
identification and quantification of sulfur 
containing compounds at concentration levels 
usually occurring in the environment. 

A short description is given here of the 
analytical procedure used for the 
determination of several volatile compounds, 
as for example H2S, COS, CS2, CH3SH, C2H5SH 
ao. at the ppb level. It should be stressed 
in advance that, in order to be able to detect 
some of these compounds at the level of 
olfactory perception, preconcentration 
techniques have to be applied to obtain 
detectable amounts of the analyte. This 
however is beyond the scope of this short 
discussion. 

The analytical equipment used, consists of a 
Packard gas chromatograph, type 437 (Packard 
Becker B.V.) equipped with a flame photometric 
detector (FPO, Packard Model 906). The 
analytical column used in tin -, study is an 
ALLTECH RSL-160 fused silica open tubular 

capillary column (FSOT column) of 15 m x 
0.32 mm ID and with a film thickness of 5 urn. 
Detector and injector temperatures were kept 
at 200 and 100°C respectively. 

Typical flow rates used were 5 ml/min for the 
carrier gas (He), 140 ml/min for hydrogen 
(FPD) and 60 and 170 ml/min for the air supply 
(FPD). The oven temperature was kept 
isothermal at a level of 50°C. The injection 
port is equipped with a thermodesorption cold 
trap injector (TCT, Chrompack) used for 
cryofocussing of the samples. A 2-way-6-port 
injection valve (VALC0) was applied for 
automatic injection of gas samples of ambient 
air or from sampling equipment. 

The TCT cryofocussing trap is equipped with a 
wide bore 0.52 mm ID capillary fi^ed with 
2 cm Tenax TA 30-60 mesh in order to ensure 
optimal trapping of the most volatile sulfur 
compounds. A timed events programme stored in 
the GC allows for unattended operation of the 
GC and periphera1 apparatus (TCT, HP9390A 
reporting integrator) from injection of a 
sample upto the integrated peaks on a 
chroma togram. 

A stat;': calibration procedure was applied to 
generate the standard mixtures for calibration 
purposes. 
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Fig. 8.4.3.a Separation of H2S, COS, IH3SH, 
C2HgSH, CS 2 n-propanethiol/isopropanethiol and 
tert. butanethiol at 50°C with an ALLTECH 
RSL-160 column after cryogenic focussing 

Fig. 8.4.3.a gives an example of the 
separation of a mixture of seven components 
(1 ppm each with a 0.5 ml injection volume) at 
50°C column temperature. It can be seen on 
the chromatogram that the components carbon 
disulfide and isopropylmercaptane are eluting 
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very close together. This stresses the 
importance of sufficient separating power of 
the analytical column. Another important 
factor in the separation capacity is the 
injection speed by thermal desorption from the 
cryogenic trap. This is demonstrated in Fig. 
8.4.3.D where the same dose of components is 
injected as in Fig. 8.4.1.a but with a 
different temperature gradient during 
desorption (15°C/s in stead of 25°C/s. It can 
be noticed that the afore-mentioned components 
are not separated any more, the one appearing 
as a shoulder on the other. The original 
design of the TCT does not allow for greater 
gradients than 15°C/s, so that an adaption had 
to be made in order to reach a sufficiently 
high power and consequently a high 
sufficiently temperature gradient to obtain 
optimal resolution in a reasonable analysis 
time. 

Fig. 8.4.3.b Separation of sulfur-containing 
compounds after cryogenic focussing and 
subsequent desorption at 15°C/s (left) and 
25°C/s (right) 
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Fig. 8.4.3.d Logarithm of retention times of 
sulfer compounds versus boiling points (after 
Langermann 1986) 
Column : Glass packed 
2 m x 4 mm ID 20 % SE-30 on chromosorb P 
60-80 mesh 
Other conditions as in Fig. 8.4.3.C 

Fig. 8.4.3.C deironstrates this relationship 
for the different components tested. The 
results correlate quite well with those of 
Tangermann (1986) who did the experiment with 
packed analytical columns (2 m x 4 mm ID : 
20 * SE-30 on chromosorb P 60-80 mesh) also at 
an oven temperature of 50°C. The results of 
Tangermann are shown in Fig. 8.4.3.d. These 
logarithmic relationships allow for boiling 
point estimation of unknown compounds. 

It is known that a plot of the logarithm of 
the retention volumes versus the boiling 
points of the injected components is 
approximately linear with equal slopes for 
each homologous series of components. This is 
especially valid on relatively apolar 
stationary phases. 

-10 10 30 
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Fig. 8.4.3.C Logarithm of retention times of 
sulfur compounds versus boiling point 
Colum : 30 r.i x 0.32 mm ID 
Bonded FS0T/RSL-160 5um film thickness 
Oven temperature 50°C 

The detection limits obtained with the 
described procedure are summarized in Table 
8.4.3. 

Table 8.4.3 : Detection limits for several 
volatile sulfur compounds in pmol 

H2S 
COS 
CH3SH 

cs2 
(CH3)2CHSH 
CHoCHoCfrtaSH 
(CH3)3CSH 

1.48 
0.22 
0.31 
0.33 
0.07 
0.27 
0.65 

A reproducibility study performed with 
65 ppb H2S and 135 ppb CH3SH injected several 
times, showed a standard deviation of 
respectively 11 and 12 %. 

As conclusion it can be stated that this 
technique allows accurate quantification of a 
number of sulfur compounds at the ppb level, 
but further research is necessary to be able 
to quantify at the sub-ppb level, which is a 
necessity when problems of odor nuisance 
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caused by sulfur containing compounds have to 
be tackled. 

8.4.4 Geographical mapping of air pollution 

F. Veroustraete 

Strategies for the monitoring of air pollution 
are developed as a function of the air 
pollution dispersion patterns expected in a 
certain area and the expected meteorological 
conditions. In this context, exploratory 
campaigns are necessary when little or no 
information about pollutant levels in a 
certain area are available or when the 
distance between measuring sites of automatic 
or manual networks are very large (say more 
than 50 km). 

Exploratory campaigns can be intentional as 
well as purely at random in their sampling 
strategy, depending on the location of the 
emission sources and on the type of pollutants 
to be monitored. 

The so-called random campaigns are designed to 
obtain an idea of the global {and 
statistically relevant) levels of pollution in 
a certain area of interest. In this type of 
campaign, a matrix of fixed measuring points 
is chosen as a function of the detail with 
which one wishes to obtain information. Once 
the measuring points have been chosen, each of 
them is sampled in a predetermined sequence 
repeated during a year or six months. It is 
clear that this approach is very labour 
intensive and not always applicable for purely 
organizational or financial reasons. 

Another type of campaign is the minimax 
campaign, intended to determine at each moment 
where, as a function of source configuration 
and meteorological conditions, the highest 
degree of pollution is found. For one source 
for example, this means the determination of 
the maximal concentration downwind and the 
minimal concentration upwind from that source. 
In this way one can obtain a good estimate of 
actual contributions of a source to the global 
immission level of a specific pollutant. This 
approach, when applied during a certain period 
under different meteorological conditions, 
allows to determine the extreme levels of 
pollution invoked by a certain source. It 
must be clear however that this type of 
campaign does not allow for a detailed 
statistical description of the global 
pollution levels in the same area (means and 
percentiles). When one disposes of a mobile 
measuring system with continuously operating 
monitors, it is possible to analyse the air 
while driving and when navigational equipment 
is included, to map the measured 

concentrations. This facility is a great 
advantage in minir.iax campaigns in terms of 
cost and personnel. During the planning phase 
of a minimax campaign it is clear that one of 
the prime factors are the meteorological 
conditions expected during the campaign. 

The final choice between the two types of 
exploratory campaigns, mainly depends on the 
type of information wanted, on the knowledge 
of the source configuration in a given area, 
the extent of the area to be investigated, the 
time limits set to the campaign and the number 
and type of pollutants to be investigated. 
Most of our campaigns are minimax campaigns 
mainly because of the limited time available 
for the studies to be executed. When 
accidental releases of gas as a consequence of 
production incidents have to be mapped, the 
only approach which is fast enough to describe 
the situation after the incident is a minimax 
campaign executed with a fully automized 
measuring system with navigational 
possibilities. 
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Fig. 8.4.4.a Hardware system block diagram 

Fig. 8.4.4.a and 8.4.4.b illustrate the 
hardware and software configurations of the 
measuring system installed in our measuring 
van. The system is essentially composed of on 
interface which receives the different analog 
signals from the monitors (FPD monitor, SOj 
fluorescence monitor and a N0X 

chemiluminescense monitor) and also from a 
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temperature/relative humidity sensor. Beside 
these signals the data necessary for the 
determination of the vans position are also 
received by the interface (HP3497A), these are 
the signals from a wheel and gyrostar 
(gyroscopic kompass). All the received data 
are then processed in order to obtain the 
concentrations measured on each monitor 
channel and the position of the van in 
Lambert-coordinates. 

An illustration of the output obtained with 
this system is given in Fig. 8.4.4.C It 
shows a scan made for an environmental effect 
study in the area of the sea channel from 
Ghent to Zelzate. Minimal and maximal 
immission values of SO2 can easily be 
discerned. The direction of the profile 
pickets also gives a clue for the localization 
of different sources in a complex 
configuration. Profiles made at different 
distances from a source give a clue for the 
estimation of the maximal distance a certain 
pollutant can still be of influence on the 
background levels. In less than two hours 
time it is possible to measure minimal and 
maximal concentrations of a certain pollutant 
for an area of about 100 km2. 
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Fig. 8.4.4.b Real-time software block diagram 

Recent applications include short-term and 
urgent interventions during a production 
incident at Vieilli Montagne on the request of 
local authorities and the monitoring of sulfur 
containing compounds close to an experimental 
drilling hole on behalf of a joint venture 
project on geothermal energy in which 

S.C.K./'C.E.N, is a participant. Longer-term 
measuring campaigns were executed on behalf of 
the S.C.K./C.E.N. Waste department, several 
power plants of EBES, Tessenderlo Chemie, 
SADACEM and NL-Chemicals. 

Fig. 8.4.4.C Geographical mapping of SO2 
levels in the environment 
Trip from Ghent to Zelzate with profiles taken 
downwind from several sources 

Future developments and applications include 
continuous monitoring of tracer concentrations 
during tracer dispersion experiments in order 
to obtain better estimates of the relative 
contributions of individual sources or groups 
of sources to the general pollution level. 

8.4.5 Development of an air pollution sampler 
controlled by an intelligent weather station 

In former air pollution studies problems of 
the following type had occurred a few times : 
- how to prove by measurements that the 

nuisance caused at a receptor point is 
related to a given suspected source ? 

- how to estimate the total amount of 
athmospheric dust carried away by the wind 
from an industrial site without the need of 
long campaigns or a network of sampling 
stations ? 

As a solution for these problems an 
intelligent meteo station was constructed that 
commands a sampler to start or stop at given 
conditions of wind speed and direction. 
The wind speed meter was built with large cups 
in order to be sufficiently sensitive to 
record speeds from below 0.5 m/s. The wind 
direction vane is a standard type, formerly 
used on the S.C.K./C.E.N, high mast, but now 
equipped with a frictionless optical 6 bit 
decoder. 
The signals from wind speed and direction are 
continuously collected by a low cost 16 K 
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computer that contains an EPROM based program 
for data collection, decision making and 
st" "ing of the sampler. Several programs can 
be selected by means of interchangeable 
EPROMS, or loaden directly from a console 
device or a RS-232 channel. 
The most useful program sofar was meant for 
application with a High-Volme Sampler and is 
summarized below. 

Start program 

Read wind speed 
(every 2 minutes) 

Read wind direction 
(every 10 seconds 

no 

no V 

' 

' 

Stop 
sampling 

Start/continue 
sampling 

Every 10 minutes 
Write on tape : 

- meteo data 
- sampler status 

The program shows that the sampler only works 
when the wind is coming from the source, and 
that a complete meteo and sampling report is 
generated and stored. In practice the wind 
speed and direction are averaged ovar a moving 
10 minute interval and the sampler is started 
for periods of at least 10 minutes. The 
volumes of the aspired sample air in this case 
are recorded by the sampler on a separate 
printer. 

Fig. 8.4.5 shows this combination at work near 
the fence of an industrial dump site to 
measure dust blow-off when the wind is coming 
from within the site. 

Fig. 6.4.5 High-volume sampler coupled with 
small weather station in operation near-by an 
industrial waste site 
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