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f NTROD'. JTION 

L.H. Sa^tslé 

As a consequence of government V i s i o n an imDortant reduction of 
personnel is scheduled in the c^rse of 1987-1988. The shrinking 
operation proceeds by maans of ind'v,;dual prepensions. This way several 
distinguished colleagues left the institution recently a.o. Dr. J.R. 
Maisin, head of the . iology Department, Dr. F. Lievens, Head of the 
Analytical Chemistry and Dr. P. Fettweis, acting head of the Nuclear 
Metrology Service. I want to pay tribute to them for the many years 
they headed their departments with professional skill and devotion. 

A complete reorganisation of SCK/CEN is underway and this report will be 
the last ot the MOL RESEARCH DIVISION REPORTS issued since 1985. 

The highlights treated in this semi annual reports are the fol .owing. 

- A preliminary study has i'een undertaken by a muUi disciplinary task 
force on the design of a S/tichrotron Radiation Source and an evaluation 
of the scientific and indu-criai uses of this type of highly advanced 
facility. The proposal consists of e 1.6 GeV positron storage ring fed 
by the LINAC linear electron acceleratcr of CBNM. Four experimental 
techniques have been closd;. examir-d : X ray structure analyses by 
diffraction, Extended X ray Absorption Fine Structure (EXARÔ, X ray and 
Vb'V absorption. Catalysis, polymerization, protein engineering and 
lithography are some of the possible applications of this new technique. 

- Eleven fuel pins ^ a d with oxide dispersion-strengthened (OPS) fer-
ritic alloys, developed at the Metallurgy laboratories, have accumulated 
a neutron dose of SO dpa NR'. in the fre.ich Phénix reactor without appar
ent damage. Similar irradiations in the British PFR reactor showed that 
no significant swelh'ng occurred at 9U dpa NRT in the critical low 
temperature region which corresponds to a very high, almost a target, 
figure of 150 dpa NRT at miccore temperature. It may be concluded from 
these tests that ODS fe<- it.ic steel*, arc a premium construction material 
for fast reactor fuel pins. 

- Solution-annealed AISI 2I6M stainless steel, reference first wall 
material of the European Fusion Technology programme, has been irradi
ated in BR2 at 250° C up to about 10 dpa NRT. The in pile irradiation 
capsule is an important realization in the field of fatigue tests. 
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- A parametric study undertaken by the Ceramics department on the 
preparation conditions for injection moulding led to the fabrication of 
defict free silicon nitride beams. Upscaling studies are underway in 
o>-der to realize gas pressure sintering techniques without use of the 
cumbersome powder bed method. 

One meter long silicon carbide tubes can now be extruded without visible 
cracks. 

- A new process has been developed in the Nuclear Chemistry Department 
to treat reactor effluents containing important concentration of com
plexity agents. It is based on a combined use of acid, oxidation and 
precipitation reagents. Decontamination factors in excess of 500 have 
been obtained for Cs and DF's exceeding 50 for cobalt. A laboratory 
pilot facility treating real effluents is under construction. 

- The Performance Assessmert of Geoloaic Isolation Systems (PAGIS; Study 
has been finished. It contains a generic study of four geologic 
formations (granite, salt, clay and seabed) carried out in the period 
198"-87 and covers all safety aspects on a comparable basis. The site 
cf Mel has been considered as a reference case for the clay option. The 
st.;dy nas shown that the construction of a high level waste repository 
in the 3oom clay under the site of the Nuclear Centre only gives rise to 
dose rates which are four orders of magnitude (10 ) lower than the 
natural background which is 1 m Sv/year. Moreover it was shown that the 
potential reentree ci radioactivity from the repository into the 
biosphere is situated 7 to 13 Million years from now. This way the clay 
option is internationally accepted as a safe disposal option and the 
site of Mol received the label of "Reference site". 

- The equipment to measure destructively the radioactivity content of 
conditioned waste drums and the Pu content of non-cor.ditioned waste has 
been put into operatic by the Nuclear Metrology service in the frame 
work of the inquiry on the waste drums involved in the TRANSNUKLEAR 
case. No deviations from listed inventory have been discovered and 
counter analysis on incinerator ashes showed that Th (a natural 
isotope) was present instead of plutonium as published erroneously in 
the international press. 

- The analytical laboratories of SCK/CEN will support the plutonium fuel 
fabrication plant DEMOX (BELGONUCLEAIRE) and provide all the official 
certificates required by the commercial operations in the field of 
plutonium recycled fuel. 

• Recent progress has been made by the Biology department in the 
assessment of dose rates received by man on the basis of chromosomic 
anomalies in the lymphocytes of peripheral bljod. Th*5 main problem 
Mvestigated by the genetic specialists is the differentiation of 
localized dose rates as compared to the influence of a generalized body 
burden. 
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EXECUTIVE SUMMARIES 

1. PHYSICS DEPARTMENT - R. D« Batist 

- Semiconductor Physics 

Operation of the newly installed multi-chamber plasma-enhanced CVD 
system has been started and the production parameters have been adapted 
to optimize thickness uniformity over the total substrate area. Solar 
cell development was continued and further attention was devoted to 
improving the techniques for characterizing cell performance. For this 
purpose, a new IV measurement system has been introduced and structural 
characterization techniques such SIMS (secondary ion mass spectro
metry) and AES (Auger Electron Spectroscopy) are being used. 

- Metal physics 

The department has participated in an international round robin 
experiment set-up by VAMAS to evaluate the properties of varirjs Nb3Sn 
superconductors. The set up for critical current measurements using a 
NbTi operational magnet has been made under reduced helium pressure 
corresponding to a temperature of 2.4° K. A magnetic induction field of 
10.5 Tesla could be obtained without quenching. 

In the field of ceramic superconductors, the work was focused on the 
interpretation of the magnetization experiments in terms of flux 
expulsion and sample geometry effects. 

- Transmission electron microscopy (TEM) 

TEM investigations have contributed tc the study of the effects of ion 
implantations in metals and alloys and of growth defects in natural 
diopside crystals (diopside is a devitrification product in some 
radioactive waste glass products). The analysis of grain boundary 
structures has been incorporated in a collaboration agreement with the 
Universities of Caen, Thessaloniki and Delft, supported by the Stimula
tion programme of the CEC. 

- Characterization of radioactive waste fcrms 

The activities related with the characterization of radioactive waste 
forms continue with support from the CEC and from NIRAS/ÛNDRAF. Several 
new facilities are being prepared to allow work with fully active waste 
forms. In collaboration with the HMI of Berlin, some of the corrosion 
results obtained in Mol have been modelled using a number of computer 
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codes. The experiments related with the interaction between the waste 
forms and the storage/disposal environment are continued. Ageing 
studies of bituminized Eurochemic medium level waste indicate very 
slight changes in the physico-chemical properties of this waste form. 

- N-Jclear Physics 

The 6th International Symposium on Capture Gamma-Ray Spectroscopy 
organised in Leuven attracted over 200 participants from 26 countries. 
Several contributions were submitted by authors/co-authors from the 
physics department. 

The work on the neutron cross section programme carried out in collabo
ration with CBNM, Rl.'CA, RUG and ,JUB concentrated on the study of the 
Ca (n,a) and the *°*Dy (n,a) reactions, as well as on the investiga

tion of the resonance parameters for structural materials for fast 
reactors (in casu °°Ni). 

Fission research has been continued through experiments at BRI, GELINA 
and ILL. 

- Neutron scattering and/or diffraction 

The beam quality at the BR2 reactor has been improved considerably by 
the installation of a silicon single crystal neutron filter. The 
performance of the MIBEMOL spectrometer at the Orphée reactor was 
improved by reducing mechanical vibrations generated by the choppers and 
by extending the number of detectors. The use of the MIBEMOL continues 
to increase, both by Belgian scientists and by foreign groups. Also the 
use by Belgian scientists of the other spectrometers installed at the 
Orphée reactor increases gradually. 

- Synchrotron radiation source preliminary design study 

A task force has been set up to evaluate the possibilities of installing 
a synchrotron radiation source using the CBNM Linac as an in.jector. 
Both members of SCK and of CBNM collaborate in this task force. 

An interim report has been prepared containing both a preliminary concep 
tual design study of an SRS facility and a description of the possible 
uses of such an installation for technology oriented research. 
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2. METALLURGY DEPARTMENT - H. Tas 

- Oxide dispersion strengthened alloys 

High burn-up reactor operation is a prerequisite for economic fast 
neutron reactor power generation. This goal can be achieved provided 
fuel pin cladding materials are available which resist neutron dose 
damage rates higher than 150 dpa NRT. 

Eleven fuel pins clad with oxide dispersion-strengthened (ODS) ferritic 
alloys, developed at the SCK/CEN laboratories, have accumulated a 
neutron dose of 90 dpa NRT in the French Phénix reactor without dis
playing any apparent damage. Material irradiation in the British PFR 
reactor showed that no significant swelling occurred in the critical low 
temperature region (400° C - 42ö° C) for an accumulated neutron dose of 
75 dpa NRT with corresponds with a neutron dose of 150 dpa NRT at the 
reactor mid-core. 

Pressurized capsules were found to successfully withstand temperature 
excursions over 800° C under neutron irradiation conditions in the BR2 
reactor. Tube material has been fabricated from an aluminium containing 
ODS ferritic steel for in-plant high-temperature performance testing. 

- Plasma spray coatings 

Laser treatment of oxide type ceramic coatings is being developed as a 
means to improve the quality of plasma sprayed coatings. Primary aim of 
the treatment is to seal the outer surface of the coating and so prevent 
penetration of corrosive agents in high-temperature gaseous environ
ments. The occurrence of fine microcracks in the laser treated surface 
could be reduced to a large extent by adapting the laser operating 
parameters and changing the composition of the coating. 

Hot isostatic pressing of carbide type coatings was found to improve the 
bonding characteristics and to reduce porosity. 

- Materials for fusion reactors 

Solution-annealed AISI 316M stainless steel, ref • rence first-wall 
material of the European Fusion Technology programme, has been irradi
ated in BR2 at 250° C up to about 10 dpa NRT. Fatirje test results of 
unirradiated material showed a similar tendency as previously observed 
at 430° C, i.e. at higher strain ranges the stress reaches a maximum 
value after about 100 loading cycles. 
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- Mass transfer in liquid breeder materials for fusion reactors 

One of the prime candidate tritium-breeding materials in the European 
fusion technology programme is the eutectic Pb-17Li liquid alloy. 
Corrosion and mass transfer of the candidate containment materials AISI 
316L and DIN i.4914 is determined in a convection liquid metal loop 
(LELI). It was found that very long incubation periods preceded the 
onset of active corrosion of the exposed materials. The lithium 
activity of the alloy is apparently too low to rapidly remove the oxide 
layer covering the steel surface, as in the case of pure lithium. 

- Production route for 3-alumina solid electrolytes 

Proton-exchariged (3/0" alumina is being developed as solid electrolyte 
material for application in a high-temperature pH sensor. The physical 
properties and stability of the materials critically depend upon the 
precise microstructure and purity of the material. It was therefore 
decided to explore the potential of a spray-freezing/freeze drying/calci
nation/sintering production route, which was expected to yield a fine
grained high-purity material. A fine-grained high-purity powder could 
so far be produced, but the powder densities and green densities were 
not sufficient to obtain good sinterability of the powder. 

- Mechanical properties of ceramic materials and fracture mechanics 

Creep and stress rupture test of fine-grained high-purity alumina were 
performed in the temperature range between 1100° C and 13003 C. The 
unexpectedly low creep rates obtained are ascribed to the presence of 
MgO, which was added as sintering aid and which may have limited creep 
deformation by hindering grain boundary diffusion of the aluminium ions. 
The Vickers indentation technique was evaluated as a non-destructive 
means to determine the fracture toughness of germanium single crystals. 
The method yielded values, which were in good agreement with other 
techniques. 

An instrumented mini-impact tester was put into operation. The device 
is suited for performing standard Charpy impact tests on subsize 
metallic and plastic materials. 

- Corrosion of candidate overpack materials for high-radioactive waste 
disposal 

Redox potential monitoring in the immediate vicinity of material test 
tubes, introduced in the deep clay formation at the Mol site, has shown 
that stable reducing conditions are restored within one month after 
emplacement of the sensors. This means that the clay formation recovers 
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relatively quickly from the oxygen intrusion associated with the 
drilling operation. 

Computer-controlled electrochemical equipment has been purchased and 
installed. The equipment will be used to evaluate corrosion rate, 
passivation ability and susceptibility to localized corrosion of the 
candidate overpack materials under clay repository conditions, as 
monitored on-site, and deviating conditions, which may occur under 
conceivable accidental circumstances. 

3. CERAMIC RESEARCH - A.J. Flipot 

- Fabrication and characterization of solid breeder materials for fusion 
reactors 

Lithium metasilicate 

Thermal stability tests performed under ambient air showed that 80 % 
T.D. lithium metasilicate pellets are stable up to 700° C. At 750° C 
and above, changes are observed, depending on the type of the secondary 
phase. As a rule, disilicate containing pellets exhibit a negligible 
weight loss even at 925° C but show some dimensional instabil.ty, 
resulting from a low sintering speed. Pellets sintered above the 
recrystallization temperature are dimensionally stable up to 925° C. 

Orthosilicate containing pellets behave differently : they show weight 
losses increasing with the orthosilicate content but they have a better 
dimensional stability. No grain growth is observed at 750° C whatever 
the secondary phase may be. At 800° C the grains grow significantly. 
After a 90 day treatment at 750° C, the fraction of open porosity is 
unchanged but the mean pore diameter is increased. Though near the 
detection limit of X-ray diffractometry a small lithium loss is 
established in stoichiometric and orthosilicate containing pellets. 

As a result, 700° C can be considered as the upper nominal operating 
temperature for a lithium metasilicate blanket, though temperature 
excursion up to 750° C and possibly up to 800° C are not expected to 
change the general material behaviour. Though the choice of the best 
secondary phase has still to be made at the end of the study, it can 
already be stated that a nominal two-phase composition should be 
preferred to the stoichiometric lithium metasilicate in order to ensure 
that all pellets contain the selected secondary phase and not the other 
one. 
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Lithium metazirconate 

High-density lithium metazirconate pellets can be made by calcination, 
cold pelletizing and sintering of appropriate zirconia powders under 
selected working parameters. Reaction wintering allows one to fabricate 
low-density pellets only. Specific surface area and chemical purity of 
lithium metazirconate are discussed. Deviations from stoichiometry can 
be evaluated by X-ray diffraction. This technique is also attractive 
for verifying the completion of the reaction after calcination. 

- Irradiations 

Lithium metasilicate and lithium metazirconate pellets have been 
prepared and loaded in four capsules of the EXOTIC-4 ring, which will be 
irradiated in the HFR reactor in February 1988. This experiment aims 
to complete the data about the effect of the irradiation temperature on 
possible vitrification of sintered metasilicate pellets and of the 
irradiation time on radiation damage in recrystallized metasilicate. 
The effect of the irradiation temperature on the general in-pile 
behaviour and tritium release from lithium metazirconate will also be 
investigated. 

Seven lithium metasilicate '^tches have been prepared for the HFPIF-2 
irradiation in order to investigate whether or not the silica raw 
material quality influences the change in crystallinity during 
irradiation. 

- Post-irradiation examination 

The FXOTIC-3 experiment confirmed tritium release to be strongly 
affected by the irradiation temperature. It is almost complete at 600° 
C when using medium-density lithium metasilicate pellets. The role of 
some faDrication parameters on tritium release will be defined by 
measuring the tritium retention in the pellets. Ar, improved extraction 
method is being developed, the first results being encouraging. 
Dilatometric experiments performed on pellets from EXOTIC-1 and -2 show 
that irradiation slightly diminishes the Mnear expansion coefficient of 
lithium metasilicate. 

- Engireering ceramics : silicon nitride and silicon carbide 

A parametric study on the preparation conditions for injection moulding 
has allowed to eliminate the formation of flaws and to establish the 
reason for the fluctuations in the rheological behaviour of the mixture. 
Silicon nitride test beams have been fabricated without defects. 
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The sintering study of silicon nitride has been mainly devoted to 
pealing problems. A mathematical model has been developed for 
predicting the temperature distribution within a powder bed. Gas 
pressure sintering has been evaluated as an alternative for the powder 
bed technique. Though high nitrogen pressures counteract the thermal 
dissociation of silicon nitride at the sintering temperature, it remains 
questionable whether, under these conditions, the powd«f bed can be 
omitted. The problem of extruding long SiC tubes has been further 
investigated. Such experiments have also been carried out with Si3N4. 
One meter long SiC tubes can now be extruded without visible cracks. No 
fissuration nor additional deformation are observed after dewaxing and 
sintering of SiC pieces and after dewaxing of Si^N^ pieces. These 
thermal treatments were only performed on short tubes because the large 
furnaces were up to now not available. 

Post-HIP'ing of sintered silicon nitride pieces results in a rather 
small density increase, which confirms the literature data. This small 
gain is inversely related to the sintered density. 

Encapsulation techniques have been further investigated though the 
"sir.ter-canning" technique still causes fissuration of the depc ited 
ceramic layers. In collaboration with an industrial partner, an 
encapsulation technique based on electroplating for near-net-shaping of 
PM-parts is being developed. 
As a received commercial silicon nitrid' material and a corroded silicon 
carbide sample were characterized in tne framework of the CEC Stimu
lation Action Proaramne. 

- Superconducting ceramics 

The study of the preparation of mono-phase Y E ^ ^ O y . x has been contin
ued. Small single crystals have been grown and sputtering targets have 
been fabricated. 

4. NUCLEAR CHEMISTRY - P. De Regge 

- Tritium research in thermonuclear fusion 

Tne prototype electrolysis cell new accumulates more than 10,000 hours 
of operation, D , 0 0 0 of which.in a single continuous long duration test. 
The peripheral equipment to operate the cell at high tritium mncentra-
tions in co-operation with the French laboratories at VALDUC, has been 
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further developed. Specific equipment has been ordered and constructed. 

The interesting approach to fusion reactor design known as the "aqueous 
self-cooled blanket" (ASCB) has been further investigated with respect 
to radiolysis effects and the possible measures to reduce them. The 
lack of reliable data in representative conditions led to the elabor
ation of an experimental programme to assess critical parameters of the 
system. 

- Fundamental metrology of radionuclides 

In co-operation with the Central Bureau for Nuclear Measurements, an 
ionisation chamber has been calibrated for solutions of'Na; " C o , 6 DCo, 
9 0Sr, 109Cd, 1 2 5 I , 1 3 2Ba, l34Cs and 1 3 7Cs in different sarple volume. 
All parameters affecting the long-term stability of the instrument and 
the reproducibility of the measure •'ents have been investigated. 
Precisions better than 0.1 % are readily achiev 1. A new contract has 
been concluded with CBNM for the standardization of low energy X-rays. 
Preliminary work to establish the calibration principles and basic 
equipment design has been car-ied out. 

- radiochemical analyses and services 

In the period covered 15 burn up analyses and 123 americ^um analyses 
have been carried out for contractors outside SCK/CEN. Under contract 
with JRC-Ispra support has been provided to the certification of the 
PERLA reference materials, to ue used for non-destructive nuclear 
material control measurements. In support of the SCK/CEN programme on 
PWR pressure vessel surveillance fissile neutron flux dosimeters have 
been analysed for DOEL 2, Tihange I and DOEL 3. Considerable analytical 
effort went also in the characterization measurements for particular 
matter in PWR primary coolant and its associated radioactivity. 
Radiochemical support has further been provided to waste character
ization programmes under contract with the CEC and NIRAS. 

- Conditioning of cladding waste and associated hot-cell development 

After completion of the hot-cell infrastructure, the heavy equipment is 
being installed in the shielded cell. The press, the welding equipment 
and a working table have been mounted. The gammascanning frame is now 
being tested with the collimator in representative conditions before its 
installation in the cell. The jib-arm has been thoroughly tested and 
the computer software for its operation under renote control has been 
completed. Peripheral equipment and utilities necessary to support the 
cell operation are being mounted. 
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- Plutonium Recovery 

The recovery of plutonium from nitric acid solutions under contract with 
Belgonucléaire has been further optimised with respect to process 
parameters, product throughput and waste quantities. Actual processing 
of the solutions was started at the end of 1987. 

- Research in support of the waste treatment facilities 

The handling of borated evaporator concentrates, containing detergents 
and complexing agents, necessitates important modifications of the 
current aqueous waste treatment procedures. Research has been started 
to characterise the waste solutions and a parametric study to achieve 
the necessary decontamination factors f r "°Co and Cs is being 
carried out. 

- Research and development for geological disposal of radwaste in clay 

The experimental programme and '.he installation of new in situ devices 
suffered some delay due to the construction of the test drift. The 
survey and data collection from the installed geomechanical instrumenta
tion was continued, three dilatometer tests were installed in co-opera
tion with ANDRA, and a computerised endoscopic system was tested to 
investigate clay fracturation. Detailed studies on the development of 
convective velocities will be much smaller if an heterogeneous lithostra-
tigraphy is adopted for the sandy formations. 

Diffusion studies carried out as a function of consolidation pressure 
for iodine, tritium and labeled organic molecules provide evidence that 
the apparent diffusion coefficient and the effective porosity decrease 
with increasing consolidation pressure, the latter becoming as small as 
5 % it 5.9 MPa. Three in situ diffusion tests have been retrieved for 
destructive examination and interpretation of the results. 

In the field of performance and safety assessment, the CEC-co-ordinated 
PAGIS study has required additional work particularly to achieve an 
homogeneous presentation of the results and for other editorial aspects. 
Therefore the PACOMA study started with some delay with respec to the 
planning. The information concerning MLW and alpha-waste inventun s is 
being collected. 

- Demonstration and pilot facility 

The construction of a 42 m extension of th<; underground research 
facilities and adjoined 12 m steel-lined section on behalf of ANDRA, 
without particular problems and significantly ahead of the original 
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planning constitutes a major achievement of the project on geological 
disposal. Apart from the ANDRA section, which due to its special design 
is fully instrumented, seven sections in the concrete-lined gallery have 
been instrumented for the measurement of deformations and stress fields. 
Th? deformations are fai-'ly rapid in the initial stages, due to the 
settling of the construction, stabilising afterwards and slowly ap
proaching their equilibrium value. "'Fhe dissipation of pore water 
pressure and the deformations of the clay body above the gallery have 
also beer, measured. Measurements are continuing and until now in good 
agreement with the EPLAST modeling code. 

The design of the combined heat and radiation experiment CERBERUS has 
been completed. The equipment for handling the ^ C o sources has been 
constructed and tested in shielded cell conditions. The safety report 
has been finisher and construction of the device and its associated 
peripheral measuring equipment was started. 

- Disposal of low-level waste on land 

When considering different scenarios corresponding to a particular level 
of risk associated to a shallow-land burial site, they have been 
classified into inventory-limitirg and concentration-limiting groups. 
The limiting s enario for each isotope of interest and its 
corresponding in^ntory is reported. A preliminary concept for a 
disposal facility of !,de minimis" waste has been developed. 

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

- Membrane Technology and Applied Phys^co-chemistry 

The SCK/CEN fabricated composite (ZrOg wit!", polysulfone) membrane manu
facturing technique allows to make either flat sheet or hollow fibre or 
tubular membranes. The hollow fibres can can be assembled in regular 
modules with a surface area of about 300 cm by using a proper potting 
resin. Physicochemical characterization and biological tests indicate 
however a need for further optimization. The flat sheet form has been 
tested on its potential as coalescent medium for finely dispersed oil 
droplets. The SCK/CEN flat membrane shows largely better fouling 
resistance and mass transfer properties than two commercial types of 
flat sheet membranes. 

Immobilization of micro-organisms on Zr02-PTFE membranes became feasible 
and small tests in a flow-through reactor are thus prepared. The 
potential of membrane distillation has been experimentally confirmed 
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with pure PTFE-membranes. 

- Separation techniques 

The particle size distribution, specific surface area, heavy metal 
content and leaching conditions have been systematically measured for a 
large quantity of ashes sampled from five municipal waste iniinerators. 
The compiled results allowed to evaluate the application constraints of 
these ashes for recycling purposes. 

Tests with a 5-inch Mozley hydrocyclone confirmed the feasibility of 
splitting sludge from the Ghent-Terneuzen canal into a disposable 
fraction and a hazardous fraction. It appeared that organic pollutants 
behave similarly to heavy metal impurities. As soon as the equilibria 
between sludge particles and the water phase are known for the critical 
component, the volume reduction OT sludge by hydrocyclonirj can be 
optimized. 

The industrial development of the multi-ejector-venturi MEV R system has 
been successfully started by performance tests in by-pass on an indi --
trial off-gas line with one element EV-1000 at a nominal gas through
put of 1000 m3.h . A modular multipurpose MEV-demonstration unit is 
now available for on-site industrial tests. 

- Process technology 

To verify erosion-corrosion models for different materials i" situ local 
conditions in a 40 MWth AFBC (Atmospheric Fluidizec" Bed Combuster) have 
been characterized with the accent on local ash properties. Further, 
the assembly of the coal AFB gasification test rig progressed. 

The destructie of PCB-traces in fuel during the fuel combustion in a 
conventional central heating boiler has been experimentally investi
gated. The potential of a bio-filter as odour abatement technique during 
composting of municipal waste is being examined. 

There is experimental evidence that a rotating cylinder electrode 
reactor can be used for as well selective recovery of a metal from a 
;pent pro-ess solution as for continuous metal refining. A fully 
integrated CC^-absorber allows to condition properly the inlet air of an 
Elenco fue, cell. 

- "Yocess engineering 

For the slagging incinerator HAWAI, the bag filter installation and the 
washing device have been defined by technical and economical intercompar-
ison. 
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Risk reduction of industrial process activities has been evaluated for a 
few specific cases in the framework of the post-Seveso CEC-directive. 
Process engineering auditing has been applied on the gaseous effluent 
treatment of a non-ferro roaster. 

6. BIOLOGY - 3:R. Maisin 

- Pathology 

In 1987, the new laboratories for molecular biology in the building 
"BIOLABO II" have become completely functional. The team involved in 
the studies of radiation-induced lymphomagenesis and osteosarcoiragenesis 
has presently been provided with sufficient laboratory space. The new 
facilities all have been well- equipped. They include two spacious 
laboratories, one room for electrophoresis and related manipulations, 
one room for central equipment (chromatography, fraction collectors, 
ultrasound device, etc.), one room for safe continuous flow centrifuga-
tion of large volumes, one dark room, one cold (4° C) laboratory with a 
-20° C annex, one room for safe manipulation of recombinant DNA in 
bacteria with a 37° C incubation annex, one kitchen with an annex to 
store and weigh the laboratory reagents, and three offices. 

In addition to classical small equipment, the latest major acquisitions 
were a Milli RO-R deionized water production system from Millipore and 
twc universa1 ovens from Memmert for laboratory glassware drying and 
sterilizatio'i. Four electrophoresis devices were bouqht to allow 
comfortable analysis of DNA and RNA. Finally, the acquisition of a 
Zer.ith ZW-248-84 personal computer renders possible the detailed 
interpretation of nucleotide sequence determination. 

The availability of novel laboratory space permitted a more rational 
utilization of the ancient laboratories by the investigators devoted on 
one hand to the immunology of radiation-induced tumorigenesis and, on 
the other hand, to the electron microscopic aspects of the investiga
tions. 

Finally, the construction of an annex to building "BIOOIEREN I" doubled 
the space available for the histopathology and also constituted a major 
improvement of the working conditions in that area, where people pre
viously worked in rather precarious conditions. The newly available 
space has been used to work in safer conditions with dangerous chem
icals, to facilitate the manipulations by rationalizing the spatial 
distribution of the apparatus, preparations and archives which, in so 
doing, allowed cleaning the hall from equipment in agreement with tne 
safety regulations. 
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- Radionuclide mei aboi ism 

The last period cf 1987 aas characterized by the installation and first 
occupation of the new building by the Radioisotope Metabolism Section. 
This facility inc'.uded about 13 laboratories ^nd a fully equipped cold 
room for long temi flow-through e>r.jriments with fish. The aquaria to 
adapt and maintain a sufficiently homogeneous stock of fresh-Wuter 
animals will be equipped in the beginning of iext year. This splendid 
new building is in high contrast with the kind of housing of this 
section for 25 years, and will allow a high quality technical backing of 
the experiments on radioprotection in bone morrow physiology, behaviour 
of transuranics in fresh-water ecosystems snd on the physiological 
stress in acidifying ecosystems. 

- Phytobiology-Agronomy 

Most of the research work done in the Phytobiology-Agronomy Section 
concerns the behaviour of the radioactivity released by nuclear power 
plants in the terrestrial and aquatic environments, including the marine 
ecosystem of the Belgian coast. A particular attention was given to the 
Chernobyl fallout. 

Experiments done at the farm as well as in the greenhouse and in the 
laboratory permit to obtain data on concentration factors (CFs) and on 
transfer factors (TFs) from the soil to the plants and from these latter 
to the animals. Radioactivity measurements done on samples collected 
along the coast and around nucle-r facilities 3llow to assess the impact 
of nuclear releases into the environment (land, rivers and coast). 

The toxicity of radionuclides is studied both on plants and animals. In 
addition, the origin of organic tritium formed in a PWR reactor is 
investigated using a simulated circuit system. Finally, water pollution 
by heavy metals and by volatile organic substances is studied in 
collaboration with other Belgian laboratories. 

- Mammalian Genetics 

In order to get a more accurate estimate of the part of the body 
irradiated after inhomogenous exposure to ionizing radiation, studies 
have been performed on patients undergoing therapy und°r well controlled 
conditions. Observations made on persons irradiated for pelvic tumors 
suggest that the deviation from the theoretical distribution cannot be 
used for such purpose in the conditions of our study. 
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- Biomedical Research and Toxicology 

The presence of Epidermal Growth Factor and the biochemical expression 
of EGF-receptor are studied in human tumor samples of various origins : 
central nervous system, gastrointestinal system, breast and gynaecologi
cal cancers. This research is performed in order to evaluate the 
usef-:loess of peptide growth' factors and their receptors as biochemical 
markers of malignancy : prognostic factors, indicators of the 
dif^e-^ntiation stage of the tumors. 

At the request of several chemical companies, a series of short-term 
toxicity tests (skin sensitization, LD50, skin and eye irritation) have 
been performed in the laboratory of animal toxicology. 

7. NUCLEAR METROLOGY SERVICE - P. Fettweis 

- Nuclear measurements 

As previously, the sections for Nuclear Spectrometry and for Low 
Activity Measurements acted mainly as support for measurements required 
by other departments Tor Health Physics Control and for Research, 
specially in radiobiology. On request from the food industry the 
activity of 134+137Q S ^as ^een meaSured in many samples. 

Activation analysis followed by gamma spectrometry has been applied to 
industrial problems. 

Body measurements for the survey of workers from the SCK/CEN and for 
external institutions did not reveal abnormal situations. The mean body 
burden of l34+13'Cs from the fall-out of Tchernobyl seems to havp 
reached the maximum in July-August 1987, for the populations of the 
region of Mol ; its disturbance for the assessment of Pu in the lungs 
with our Xe-CH^ proportional counter has been investigated in order to 
deduce correction factors. 

Low activity samples have been measured, by radiochemical methods 
applied to the assessment of internal contamination by indirect methods, 
survey of the environment of the CEN/SCK and the Belgian nuclear power 
stations. No abnormal situations have been detected. 

- Safeguards 

A serious effort has been devoted to the organization of the Safeguards 
Traineeship programme ; 9 trainees from developing countries followed 
courses on general topics related to the fuel cycle during a period of 
4.5 months. 
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Concerning measurements technology, the PIDIE (Plutonium Isotope 
Determination International Exercise) has been finalized, computer 
calculations have been made for the determination of the correction 
factors of the neutron signal of ION-1 measurements on spent fuel. 

The neutron coincidence collar measurements on fresh PWR fuel assemblies 
have been finalized and waste measurements have been made on 28 1 boxes, 
originating from the Plutonium facility. 

8 ANALYTICAL CHEMISTRY - F.M. Lievens 

In the frame of the analytical support to nuclear programmes the 
laboratory for the chemical analysis of irradiated materials has been 
equipped with a carbon analyser. A high frequency induction furnace (IL 
1C1/1 Leybold Her&eus) was purchased to reach the high temperature 
(1500° C) necessary for the decomposition of steel samples. The furnace 
drive unit has been modified in order to yield a better control of the 
temperature, and the conductometric detection system has been home made. 

The previously available magnetic Gas-mass spectrometer, led to the 
acquisition of a modern quadrupole mass spectrometer for the quantita
tive determination of chemical and isotopic compositions of gas mix
tures. The instrument selected, a Balzers QMG 420, shows important 
improvements in sensitivity and flexibility and widens our perspectives 
in gas analysis appreciably. 

The group dedicated to non-nuclear environmental measurements was 
confronted with the need for an analytical system that could offer 
enough selectivity in order to differentiate adequately between 
individual organic pollutants upon in site measurements. As a conse
quence, a combined gas chromatograph ion *"*ap detector was purchased 
(ITD, Finnigan Mat), which will be installed in the already available 
mobile laboratory. 

SF6-tracer studies, frequently performed in relation to mathematical 
modelling, so far showed the disadvantage of being extremely laborious 
and time consuming : field sampling always has to be backed up by 
analyses in the laboratory and subsequent data treatment. In order to 
eliminate these problems, a study was started to check the possibility 
of setting-up a unit that can selectively and continuously trace SF6-
levels in the environment. Once operational, this "SF6-monitor" will be 
linked with the geographical mapping system of the SCK/CEN measuring 
van, which will allow fast and precise tracer dispersion studies. 
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In the field of research towards the analysis of extremely toxic 
compounds, a test ramp was set up in order to allow checking of sampling 
technique and procedures for polychloridibenzo(p)dioxines and polyc'iloro-
dibenzofurances on a laboratory scale. Inherently connected with this 
research programme is the improvement of the analytical methodology 
required for PCDD and PCDF determinations. 
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1.1 PHOTOVOLTAIC CONVERSION OF SOLAR ENERGY 

P. Nagels, J. Sheets, M. Van Roy, A. Verlinde 

This research work is partly supported by the 
R&D Programme "Photovoltaic Power Generation" 
of the Commission of the European Communities. 

1.1.1 Preparation of amorphous silicon films 

In the previous progress report (BLG 601), we 
reported on the installation of a new multi-
chamber plasma-enhanced CVD system in our 
laboratory. Fig. 1.1.1.1 shows a detailed view 
of one of the three process chambers. After 
completing the tests under argon plasma, 
experiments with silane were started. The 
operating conditions (e.g. pressure, gas flow 
and distance between the electrodes) were 
varied in order to obtain a uniform deposition 
over the total substrate area (10 x 30 cnr). 
The uniformity of deposition was found to be 
strongly dependent upon the gas pressure and 
the interelectrode distance. To avoid powder 
formation during the deposition process, it was 
found necessary to keep the total gas pressure 
sufficiently low. Fig. 1.1.1.2 shows the first 
results of this optimization procedure. Fig. 

\^. 

\ 1.0 
a 
tfl 0 8 i 

4» 

x 06 
u 

- OA-

0.2-

o top 
• middle 
û bo t tom 

k A 
i 

' i ' 

L M R 

0 0 R 

3 0 0 

!§[ 
i - * 
t 

4 

*£* * ^ 

' t ' c ' 

L M R L M R 

FIG. 1.1.1.1 Detailed view 
process chambers 

of one j f the 

rIG. 1.1.1.2 Thickness distr ibut ion in the 
process chamber of the multi-chamber plasma-
enhanced CVD system 
a) The process chambers as-received 
b) New gas distr ibution system constructed at 
S.C.K./C.E.N. 
c) as b) but with an extra gas sprayer 

1.1.1.2(a) shows the optimum thickness d i s t r i 
bution obtained with the process chambers 
as-received. We found that the thickness 
uniformity was drastically affected by the gas 
in let and outlet system. Results for two new 
gas distr ibution systems constructed at 
S.C.K./C.E.N, are given in Fig. 1.1.1.2(b) and 
(c) . 

A detailed study of the opto-electronic proper
ties of the films wi l l start in the beginning 
of 1988. Films w i l l be studied using the normal 
optical and electrical measurements (BLG 582). 
Amorphous si l icon solar cells w i l l be deposited 
to optimize their conversion efficiency and 
their device quality. 

1.1.2 Amorphous si l icon solar cel ls 

The development of hetero.junction solar cells 
of the type glass-SnC^-p* a-SiC:H-i-n+ a-oi:H-
Al in the single-chamber systerr.s was continued. 
A procedure was developed to define accurately 
the active area of an a-Si:H solar c e l l . I t 
uses optical photolithography, combined with 
wet etching for patterning the aluminium back 
contact "nd with plasma etching with CF^+Oj for 
stripping the inactive amorphous s i l icon. Such 
a procedure is necessary i f one uses n-type 
microcrystailine instead of amorphous silicon 
in a solar ce l l . 

The development of n+-microcrystalline sil icon 
was started. N-type microcrystailine sil icon 
w i l l be used in sole.,- cells since i t has a 
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lower resistance, a higher transparency for 
visible light and a lower activation energy 
compared with n-type amorphous silicon. Depo
sition conditions required to produce n+-micro-

"Stalline material were determined by varying 
ÜH4/H1 ratio and the incident rf power. An 

uyoating pressure of 1 Torr was used and the 
PH3/S1H4 ratio was 0.01. Detailed analysis of 
the opto-electronic properties is under way. 
Cells with a n-type microcrystalline layer will 
be studied in the near future. 

The work on the development of a low cost 
mechanical patterning technique was continued. 
Fig. 1.1.2 shows an integrated amorphous 
silicon solar cell patterned using this tech
nique. The total cell a"ea is 100 c m . A new 
patterning technique is under study now which 
allows integration of the solar cells prepared 
in the multi-chamber system without breaking 
the vacuum. 

1.1.3 Set-up of an automated I-V measurement 
system 

A new test station for measuring the current-
voltage characteristics of amorphous silicon 
solar cells was built. A schematic diagram of 
the set-up is given in Fig. 1 1.3. The solar 
cells are illuminated by an Oriel solar simu
lator provided with a filtered xenon arc lamp. 
Test cells are fixed on a temperature regulated 
table. Cell terp:, jture is controlled around 
28°C during measurement. Four-terminal contacts 
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FIG. 1.1.3 Schematic diagram of the automated 
I-V measurement system 

are made to tne test cell. One top and one 
bottom contact are connected to a Keithley 195 
digital multimeter and measure the cell ter
minal voltage. Another Keithley 195 measures 
the current through the cell. Cell bias is 
accomplished with a Kepco BOP 50-8M program
mable bipolar power supply. The illumination 
level is controlled by monitoring the shori.-
circuit current of a reference cell with a 
Keithley 195 multimeter. A filtered c-Si cell 
(Haman^tsu S-1133) is used as a reference cell 
for measuring a-Si sclar cells. It was cali
brated for AM 1.5 global sunlight at the CEC 
Joint Re;earch Centre Ispra. To reduce the 
errors ii the cell current, due to intensity 
fluctuations in the solar simulator, the three 
multimeters are triggered simultaneously for 
each reading. This assures that at each bias 
point the data are taken during the same time 
frame. For each measurement, the current is 
corrected for intensity fluctuations by refer
ring the reference cell current to a set value. 
Once the measurement is completed, the I-V 
curve and all calculated parameters [e.g. fill 
factor, short-circuit current, open-circuit 
voltage and efficiency) are automatically 
plotted. The whole system is computer 
controlled. 

(AES) 

FI6. 1.1,2 Integrated amorphous silicon solar 
cell patterned using a low cost mechanical 
patterning ti nique developed at S.C.K./C.E.N. 
Cell area is i~~ air 

1.1.4 Auger Electron Spectroscopy 
analysis of the Snp2/a-Si:H interface 

This work was performed in close collaboration 
with the Eindhoven University of Technology as 
part of the R&D Programme of the CEC. 

One of the problems in the development of 
a-S1:H solar cells is the degradation of the 
interface between the transparant conductive 
oxide (TCO), usually Sn02> and the p-type 
a-f.i :H layer. The degradation is mainly due to 
the reduction of Sr.% followed by diffusion of 
Sn into the a-Si:H, 'occurring during the glow 



discharge deposition of silane. Fig. 1.1.4.1 
shows an AES depth profile of a 40 nm undoped 
a-Si:H layer deposited on a Sn02 layer. It 
appears that the interface between Si and Sn02 

is not sharp. It is estimated to have about the 
same width as the a-Si:H layer, supposing that 
the sputter yields of both materials are not 
too different. The depth profile results are 
clearly influenced by preferential sputtering 
effects. Fig. 1.1.4.2 presents a set of differ
ential mode' :Sn peaks obtained in a profile 
measurement. When going through the profile 
from Sn02 to Si the Sn AES lines show a shift 
to higher characteristic energies. This shift 
suggests the partial reduction of Sn02. The 
relative concentration of reduced Sn at the 
centre of the interface is estimated t* be of 
the order of 10 at. %. In the near future, 
these results will be controlled using x-ray 
photoelectron spectroscopy (XPS) and SIMS 
measurements. We will also start with the 
deposition of new transparent cond' ;tive oxides 
which, we hope, show le;s reduction during the 
deposition process. 

1.1.5 Secondary Ion Mass Spectrometry (SIMS) 

R. Oe Com'nck 

Operation of the SIMS was hampered by a series 
of technical defects, leading to a considerable 
down-time fraction (including th» time required 
for renewed calibration). As it was found that 
a switch-over between the two available 
measuring modes always necessitates a lengthy 
adjustment, it was decided to restrict oper
ation to the "electron multiplier" mode since 
this mode delivers results with less noise. 
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FIG. 1.1.4.1 AES depth profile of the elements 
SI, Sn and 0 (in atomic concentration) through 
the a-Si:H/Sn02 Interface as a function of 
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FIG. 1.1.4.2 The Sn AES peaks as a function of 
kinetic electron tnergy at different positions 
'n the interface a-Si/Sn02. All curves have 
been normalized to the same peak-to-peak value. 
The lower curves correspond to the a-Si:H side, 
the upper ones to the Sn02 side 

Using a variety of pure, well-kr.uwn specimens, 
calibration over the mass range from 9 to 213 
was carried out. Satisfactory results were 
obtained since an absolute inaccuracy of ± 0.1 
amu could be achieved over the greater part of 
the mass range considered, i .e . between 20 and 
210 amu. In that range the relat ive inaccuracy 
1s generally found to be better than 0.05 %. 
However, for mass - 10 the inaccuracy is nearly 
5 % and at s t i l l lower masses inaccuracy 
increases further. This is also the case above 
mass = 2?0. 

A few exploratory measurements of depth pro
f i l es could be carried out on a-Si:H solar 
cel ls (Fig. 1 . 1 . " "~~-r"fix superconductor 
specimens and on a Ni lajci - a Ni-Be material 
( industrial application). 
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.NTEhSITY IARBITR. UNITS) 

DEPTH IARBITR. UNITS) 

FIG. 1.I.5 SIMS determination of the 
distributies of Na, Si, Sn and SnO as a 
function of depth in an a-Si:H solar cell 

1.2 CHARACTERIZATION OF RADIOACTIVE WASTE FORMS 

P. Van Iseghem 

The experimental results presented .n this 
report were obtained in the frame of various 
contracts with either the Commission of the 
European Communities (1.2.3, 1.2.4, 1.2.5) or 
NIRAS/ONDRAf (1.2. L, 1.2.3, 1.2.4, 1.2.5, 
1.2.6). 

1.2.1 Development of experimental facilities 

P. Van Iseghem, W. Timmermans; R. Adriaensens 
(Waste Department); D. Huys (Nuclear Chemistry 
Department); A. Daniels (LHMA Service); 
B. Peutin (Belgoprocess); J.M. Deconinck, 
R. Swennen (NIRAS/ONDRAF) 

Two hot cells, located in the Chemistry build
ing, are being arranged to accommodate cor
rosion experiments on fully active high-level 
waste glasses. The inner part of one of them 
(cell "D") is being renewed. It is foreseen to 
introduce fo;ir thermostats, for the performance 
of standard corrosion tests (MCCl), corrosion 
tests in clay media (see 1.2.3.1) and a reposi
tory systems simulation test (see 1.2.4). 

Arrangements have been made with Belgoprocess 
and NIRAS/ONDRAF for the selection ar,d trans
port of fully active samples taken at the 
outlet of the PAMELA vitrification furnace. 
Th«>3e sanples will be transferred to the LHMA 
Department for reception and microscopic 
analysis. Further chemical and radiochemical 
analyses will be performed in the Chemistry 
fiiiilding, 

A system has been designed and installed for 
the sampling of volatiles susceptible to be 
present in some low level waste drums. 

Two additional glove-boxes are being made 
operational in the Pu-laboratories of the 
Chemistry building. They will be used for the 
corrosion experiments at 40CC on tracered waste 
glasses in clay, in reducing condition. 

1.2.2 Exploratory research 

1.2.2.1 Corrosion and modelling studies on 
high-level glasses in distilled water 

P. Van Iseghem; B. Grambow (HMI Berlin, 
F.R. Germany); W. Timmermans 

The data from the corrosion experiments in 
distilled water on two simulated high-level 
waste borosilicate glasses (SAN602519L3C2 and 
SM58LW11) were used to model the corrosion 
behaviour, so as to predict the long-term 
performance. The corrosion data implemented 
were for 90CC, and SA.V*1 values of 10 and 
100 m_1. Temperature and SA.V"1 were considered 
as accelerating parameters, and therefore also 
additional experiments were initiated on 
washed, powdered glass, yielding an SA.V"1 of 
7800 m"1, at 90 and 120°C. 

Results are shown in Fig. 1.2.2.1. The model
ling is based on the application of the PHREEQE 
(geochemical) and GLASSOL (kinetic) computer 
codes. The basic ideas of the model are that 
the waste glass corrosion is characterized by 
an initial corrosion rate ("forward rate of 
reaction") which turns over to a final, steady 
state rate of dissolution. In between the 
glass-water Interaction is dominated by the 
Si02 saturation in the leachate. 

In Fig. 1.2.2.1, the leaching of the less 
soluble elements such as Mg, Al and Ca is 
controlled by the formation of mineral phases 
in solution, such as Ca-montmorillonite, ... 
The fit with the experimental data may still be 
improved by introducing more appropriate phases 
in the code. The 10 m"1 data are to be con
sidered as relevant for the short-term tests at 
100 m"1, so that the long-term SIO2 saturation 
(glass SM58) or the final glass dissolution 
(glass SAN60) are observed only at 100 m"1. The 
interval 10-80 days for SM58, 10 m"1 is a 
transient stage (no SiÜ2 saturation reached 
yet). 

The major difference between the two glasses is 
that due to the high AI0O3 concentration of 
glass SAN60, analdme, NaAISi^Og.T^O, crystals 
are formed in the SiO^ saturation stage, which 
induce further corrosion, and determine the 
final rate of corrosion. As a consequence the 
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long-term dissolution rate of glass SAN60 is 
expected to be larger than for glass SM58 (at 
90°C, in d i s t i l l ed water, in g m ' T 1 : 0.005 
for SAN60, less than 0.003 for SM58). 

1.2.2.2 Crystall ization behaviour of nuclear 
waste glasses 

A.O. Stal ios, R. De Batist , P, Van Iseghem 

The crystal l izat ion of nuclear waste glasses at 
temperatures below the glass transit ion range 
(< 500°C) can be estimated using the following 
formula [ 1 ] : 

t (T) = t ( T r e f ) n(T)/n (T r e f ) 

where t ( T r e f ) and n(T r e f ) are the time and 
viscosity at a reference temperature, at which 
a given fraction of glass has crystal l ized. 

Based on th i s , the time to reach the same 
amount of crystal l izat ion at temperature T 
(e.g. 300°C, or , even lower: the long-term 
temperature expected in the repository), can be 
derived from the viscosity value at the tem
perature T, and t ( T r e f ) / n ( T r e f ) . 

Using existing data for reference f e r r i -
s i l icate glass WG119 (reference for the FLK 
incinerator slag) for t (T r e f ) and n ( T r e f ) , and 
estimations of n(T), i t was deduced that the 
time required for a 10 % volume crystal l ized at 
room temperature (25°C) is between 1 0 " and 
1018 years. This range is well beyond the times 
to be considered for the evaluation of geologi
cal disposal. 

Reference 
[1] Boulos et a l . , J . Amer. Cer. Soc. 63_ 

(9-10), 496 (1980) 

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

P. Van Iseghem, W. Timmermans; T. Amaya (JGC, 
Japan); Du Lian Qing (AEI, PR China); P. Oiels 
(Ceramics Department); D. Huys (Nuclear 
Chemistry Department); J. Ketels (LHMA 
Service); B. Neerdael (Nuclear Chemistry 
Department); R. Liesenborghs (BR2 Department); 
L. Van de Velde (Chemical Analyses Service) 

This study focuses on the Cogema high-level 
waste glass S0N681817 L1C2A2ZJ, the DWK-Pamela 
high-level waste glasses SM513 and SM527, and 
FLK alpha waste reference glass -/G124. All 
laboratory experiments are carried out in 
clay-water mixtures, in which the water is the 
Synthetic In te rs t i t i a l Clay water ("SIC"), and 
whose redox condition is similar to the one in 
the clay host (Eh < - 200 mV). 

1.2.3.1 Corrosion mechanisms of waste glasses 
in clay media 

1.2.3.1.1 Inactive experiments 

The corrosion experiments in two clay/SIC 
mixtures (10 and 500 gl*1) are under way since 
about 8 months; they are interpreted in terms 
of mass losses, pH-Eh, and chemical analysis of 
the leachates (after high speed centrifugation, 
15xl03 rpm, to separate clay from the sol
ution). 

Preliminary results are: 
* The mass loss data indicate mass losses up to 
more than 15 times larger in the concentrated 
clay solution. This is due to accumulation of 
certain leached glass components (B, Mo, Li, 
Ca) in the liquid part of the leachate. It is 
also supposed that sorption of other leached 
glass components (Si, Al, Ti, ...) on the 
clay will contribute to larger leaching in 
the concentrated clay solution. 

* The concentrations of Si, Al, Fe, Ti in the 
liquid fraction of the leachate are almost 
constant, or even decrease (Al) with time, 
irrespective of the clay concentration. Even 
so, the concentration of Si is larger in the 
diluted clay solutions. 

Experiments evaluating the role of the surface 
layer with respect to corrosion have shown that 
layer formation in a few cases was very exten
sive (six month duration, 190°C). Therefore new 
tests are being prepared, with a more appro
priate time schedule for layer removal. 

1.2.3.1.2 Radioactive (tracer) experiments 

Experiments on the glasses, tracered with 
Pu-239, Cs-134 and Sr-90, in the 500 gl"1 

clay/SIC mixture (CCSICM) are under way for 
more than one year. Data until 8 months (for 
S0N68 and SM513) show that Pu and Sr stop 
leeching from the glasses beyond a few months, 
although the glasses (and also Cs) continu" to 
be corroded. The mobile Pu fraction (i.e. with 
size smaller than 10* MWU) reaches a maximum 
value of about 2xl0"9 mol L"1, and decreases 
with continued test duration (e.g. after 240 
days: about 10"11 mol L _ 1 ) . The largest frac
tion of the radionuclides leached is sorbed on 
the clay; the distribution coefficient, Kd, is 
not constant with time. 

Surface layerr of about 15 (S0N68) or 25 urn 
(SM513) have f.-med within the first month of 
corrosion, consisting mainly of Si, Al, Ti, Zr 
and rare earths (such as Nd). 
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1.2.3.2 Influence of an external y radiation 
field 

Comparison of the corrosion of the waste 
glasses in or out of the irradiation field has 
been reconsidered, by conducting "blank" 
corrosion tests in the same conditions of 
temperature, leachant, Ej, and SA.V . Contrary 
to previous indications (BLG 597), the glass 
corrosion is found to be reduced (by a factor 
of 2 to 3) in the presence of the irradiation 
field. These tests also confirmed the import
ance of the SA.V"1 (sample surface area to 
solution volume) parameter for corrosion in 
clay media. 

A second irradiation campaign has been started, 
using the same irradiation facility (RITA 
installation in the BR2 test reactcr) and 
parameters (Co-60 sources, providing about 
0.63xl05 rad h " 1 ) ; the solutions were changed: 
the clay-to-water ratio was increased to more 
realistic proportions, and synthetic inter
stitial water was used as the liquid fraction. 
Two irradiations are nearly finished, for 
irradiation periods of 335 and 1000 h. Again, 
these tests will be interpreted in terms of 
radiolytic gas production, pH and Eh changes, 
and glass corrosion. 

1.2.3.3 In-situ experiments 

The four tubes for the experiments in direct 
contact with clay are in operation since the 
first half of i*8£; the first retrieval is 
foreseen for mid 1988 (one 90°C tube). During 
1987 temperature distribution along the tubes 
was recorded; at the back-end of the tubes 
relatively large deviations from the target 
temperatures are measured (e.g. 130oC, relative 
to 170°C). The temperature profiles are con
stant with time. 

The experiments in contact with clay-derived 
atmosphere are in operation since December 1986 
(host temperature), or April 1987 (90 and 
170°f). Six different waste glasses and some 
canister materials were loaded. The strongly 
increased water flux through the stainless 
steel filters into the tubes observed upon 
heating of the tubes, seriously hampered the 
experiments, so that in fact during 1987 
experiments were performed rather in claywater. 
A suitable pumping system will be installed 
early 1988, whereafter new samples will be 
introduced to investigate the interaction with 
clay-derived atmosphere (see also the contri
bution from Or, W, Oebruyn, Metallurgy 
Department). 

Laboratory simulation of the in-situ clay 
contact tests was continued; the tests are 
performed at 90 and 170°C, at ambient or 

repository (4 MPa) pressure. The data until 180 
days duration show that corrosion rates de
crease with time at 90°C, but are almost 
constant at 170°C. Glass corrosion at reposi
tory pressure is about twice as large as at the 
ambient pressure. Surface analytical techniques 
were experienced in view of the analysis of 
in-situ corroded samples; it has been found 
that surface layers bexween 5 and 25 urn thick 
may be expected at the interface between glass 
and clay. 

1.2.4 Repository systems simulation test 

W. Timmermans, P. Van Iseghem; L. Vandevelde 
(Chemical Analyses Service) 

This test, where powdered (simulated) high-
level waste glass S0N68 is corroded in syn
thetic interstitial clay water, in the presence 
of stainless steel (canister), backfill 
(sand/smectite mixture) and clay host, is 
presently being conducted on inactive glass, at 
90 and at 150°C. Special attention is given to 
the reproducibility (identical tests are 
performed in ENEA Casaccia (Italy) and CEN 
Grenoble (France) in the frame of a round robin 
test of the Commission of the European 
Communities). 

The first results (duration up to 91 days) show 
that reproducibility of glass mass loss and 
elemental leachate analyses is excellent. The 
relative elemental leaching (measured after 
filtration of the leachate) from the glass is 
quite similar to the behaviour in the absence 
of canister and backfill (see 1.2.3.1): 
* concentrations of Si do not (or hardly) 

increase with progressing duration (14 to 91 
days); 

* corrosion of the glass continues, through the 
leaching of the typically soluble elements B, 
Li; Mo and Cs continue to be leached as well. 

Nd, Al and Fe in solution were below the 
detection limit. The tests will be conducted 
for maximum durations of two years. 

1.2.5 Phyi.i co-chemical characterization of 
bituminized Eurochemic medium-level waste 

P. Van îseghem, V, Timmermans; R. Reynders 
(Belgoprocess) 

The data for the physico-chemical properties of 
some real Eu, obi turn samples aged for about 51 
months (produced: November 1982; measured: 
January 1987) were evaluated. Ageing is found 
to have hardened the waste form slightly (e.g., 
the softening point increases from 101 to 
104°C). The flash point and self-ignition point 
have changed as well (from 262 to 272°C and 
from 312 to 293°C, respectively); these changes 
might be related to changes in the chemical 
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FIG. 1.2.6 Proposed design of a new in-ntu experiment combining exposure to 
clay atmosphere equilibrated with concrete, and exposure to clay 

state of the waste form. 

Corrosion experiments have been started on 
inactive Eurobitum simulants, to investigate 
the effect of the specimen size (expressed as 
specific volume, SA.v"1, of the sample). SA.v"1 

values between 0.25 (11.5 1) and 6.25 (0.75 ml) 
cm"1 are considered. The experiments are 
performed at room temperature, in static (no 
renewal of solution) oxidizing conditions. 
Preliminary results for durations until 90 days 
show that swelling in all cases is below 
1 vol. %; the surfaces of the samples are 
covered with some white precipitates. 

Corrosion experiments are in preparation in 
which real, active Eurobitum samples will be 
exposed to different (oxidizing) clay media 
(synthetic interstitial clay water ("SIC") and 
a 500 gl"1 clay/SIC mixture). The pressure will 
be ambient or that of the clay repository 
(4 MPa). Samples of about 0.86 ml 
(SA.v"1 - 6.25 cm" 1), provided by Belgoprocess, 
will be used. The objective of these tests is 
to determine the source term for the various 
radionuclides present in the Eurobitum upon 
interaction with clay. 

to yield a major contribution to the near field 
chemistry in the repository). Fig. 1.2.6 shows 
the design of the experiment which will combine 
the two objectives, i.e. the interaction of 
(waste form) samples with clay, and of (canis
ter) samples with a clay atmosphere equili
brated with concrete. At present selection is 
made of the porous concrete tube; it is fore
seen to introduce the first (90°C) of two tubes 
during the second half of 1988. 

1.3 METAL PHYSICS 

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

The physical properties of metallic and ceramic 
superconductors are the main topic studied by 
our group. During this period, magnetic measure
ments on ceramic YBazCu30x samples prepared at 
the Institute were carried out. In the field of 
metallic superconductors the reproducibility of 
critical currem measurements was checked on a 
set of Nb3S? superconducting wires. These 
measurements are part of the international 
round robin experiment VAMAS. 

1.2.6 Development of a new in-situ corrosion 1.3.1 Ceramic superconductors 
experiment 

W. Timmermans, P. Van Iseghem; P. Meynendonckx, 
B. Neerdael, A. Bonne (Nuclear Chemistry 
Department); W. Debruyn (Metallurgy Department) 

A new type of in-situ experiment is being 
designed, which should allow to study the 
1n-situ performance of additional waste forms 
(such as bitumen, asbest cement, ...) and 
canisters. At the same time it was decided to 
investigate the influence of clay atmosphere 
equilibrated with concrete (which Is expected 

Samples of ceramic YBa2Cu70x superconductive 
material have been prepared (Fig. 1.3.1). The 
static magnetic susceptibilities have been 
measured, following the Faraday method, on 
slabs which were oriented perpendicular to the 
applied magnetic Induction field ( < 1 0 m T ) . 
Ref. Cl] reports on the apparatus, the measure
ments and the analysis of the data. Or cooling 
the samples from above to below the critical 
temperature (= 90 K) in the presence of a 
magnetic induction field the Meissner-
Ochsenfeld effect is observed. The interpret-
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FIG. 1.3.1 Grain structure of a YBa2Cu30x 

ceramic superconductor; polarized light (x 800) 

ation of the data yields partial ( = 10 %) flux 
expulsion. That the flux is not completely 
expelled from the sample is understood on the 
basis of the flatness of the slab. Part of the 
flux remains trapped in the cooled superconduc
ting material and .yields a measurable moment. 
It can be overwritten by the current induced by 
its measurement. The behaviour of the induced 
susceptibility at the lower fields suggests 
that its value relates only to the geometry of 
the sampie. This model is in agreement with the 
zero resistance of the material which prohibits 
new flux to penetrate the sample. For higher 
measuring fields flux penetration has been 
found to occur. The superconducting slab shows 
saturation effects and reveals a history 
dependence both of which can be qualitatively 
understood on the basis of an upper limit of 
the superconducting current. The study resulted 
in a contribution to the MRS Fall Meeting in 
Boston, USA. 

Reference 
[1] A. Van den Bosch and J. Vansummeren, 

Thermochimica Acta 103, (1986) 83 

1.3.2 Short sample critical current 
measurements 

For measuring the critical current on short 
samples of technological superconducting wires, 
a 10 tesla NbTi set up has been constructed at 
our Institute. The magnet system has been 
tested with the measuring cryostat inserted. By 
reducing the temperature of the magnet to about 
2.4 K the magnet current could be increased to 
I = 263 A, corresponding with a magnetic 
induction field of 10.5 tesla, without 
quenching. The specimen temperature in the 
measuring cryostat remains at 4.3 K in order to 
measure critical currents at 4.3 K and in 

fields up to 10 tesla. In order to make the 
whole magnet system operational, a power supply 
reaching up to 250 A was needed. To achieve 
this two available power supplies (with capaci
ties of 180 A and 200 A, respectively) were 
connected in parallel. The first power supply 
delivers a constant current of 75 A to the 
magnet while the second one delivers currents 
between 100 A and 175 A. This power supply is 
controlled by a function generator to adjust 
the magnet induction field. After a series of 
energizing tests, the NbTi magnet system became 
fully operational for measuring critical 
currents in fields up to 10 T and current 
values up to 1000 A. 

With this system, critical current measurements 
were performed on short samples of NbjSn 
superconducting wire. These measurements are 
part of an international round robin experiment 
on NbgSn wire. In this experiment laboratories 
of Europe, USA and Japan are comparing measure
ments on three types of NbjSn superconducting 
wire, as a first step towards standardization. 
Our laboratory was charged with the homogeneity 
test on the European Nb-jSn superconducting 
wire. 21 samples were cut from different places 
of the wire. They were heat treated in a vacuum 
furnace together with other specimens of this 
round robin experiment. This was followed by 
critical current measurements in the range of 7 
to 10 tesla. The preliminary results show that 
with a threshold of 10 uV/m reliable determi
nations of Ic are possible but the superconduc
ting wire shows a tendency to quench at higher 
reference voltages. The reproducibility of the 
measurements is good, at 10 tesla the maximum 
deviation ^Ic/ICjgem = 6 %. 

1.3.3 Superconducting magnets 

The homogeneous field magnet DHC1 (1986-2) 
which was built in our Institute as a double 
Helmholtz coil for generating homogeneous 
fields has been controlled. The magnet meets 
the design values concerning quench field 
(0.76 T) and main field pattern but shows a 
deviation of 0.2 % in the homogeneous region 
whereas the design goal was 0.05 %. Careful 
control measurements on the windings indicated 
that the deviation was not caused by a winding 
error. 

1.4 TRANSMISSION ELECTRON MICROSCOPY (TEM) 

1.4.1 Main applications in materials science 

P. Delavignette, L. Neyens 

An investigation on the implantation character
istics of Kr and Rb ions in Ni is performed in 
collaboration with FNDP of Namur. The crystal-
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line characteristics of the superficial layer 
formed during the implantation has been more 
particularly studied. 

High-temperature superconductors of the type 
YBa^CujOjj have been investigated in order to 
characterize the crystallization state and the 
possible presence of non-crystalline phases. 

Zirconium oxide based ultrafiltration membranes 
have been investigated in order to characterize 
the pore size distribution. 

1.4.2 Imperfection analysis 

P. Delavignette; D. Geshef (Université Libre de 
Bruxelles), E. Ruedl (JRC Ispra, Italy); 
A.D. Stalios 

A study of the bubble formation in He implanted 
stainless steel is performed in collaboration 
with two universities (ULB and VUB). In par
ticular the bubble size and distribution are 
analysed in the neighbourhood of twin bound
aries in order to investigate the character
istics of the diffusion mechanisms of He gas, 
point defects and dislocation migration, and 
the influence of twin boundaries on these 
mechanisms. The influence of post-irradiation 
thermal treatments on bubble nucleation and 
growth is investigated. A method is in develop
ment for an automatic treatment of the TEM 
information in order to characterize the 
three-dimensional distribution of the bubbles 
in the stainless steel. 

Dislocation loops have been observed in 
nitronic 32 in collaboration with the CEC Joint 
Research Centre, Ispra. From the character
istics of the dislocation loops imaged in TEM, 
it has been determined that they are resulting 
from the agglomeration of interstitials. 

Growth defects have been analysed in natural 
diopside single crystals. Dislocations have 
been analysed and their Burgers vectors have 
been determined. They were generally perfect 
Burgers vectors with: 

6 : -C001] and 62 = tlull 

Stacking faults have also heen observed and 
analy.ed, their translation vector is along 
[1001. The observation of 6-type fringes 
revealed the presence of a demain-type struc
ture arising possibly from the presence of 
different phases differing only in their 
chemical composition. Finally a topotactic 
phase transformation was also observed, 
revealed by the presence of amphibole. 

1.4.3 Grain boundary analysis 

P. Delsvignette; Th. Karakcstas (University of 
Thessaloniki, Greece); G. Nouet (University of 
Caen, France); F.W. Schapink (University of 
Delft, The Netherlands) 

A collaboration contract has been started in 
the frame of a Stimulation Programme supported 
by the CEC wi + four European laboratories: 
C.E.N./S.C.K., University of Thessaloniki, 
University of Caen, University of Delft. The 
programme concerns the TEM characterization of 
grain boundaries and their relation with the 
physico-chemical properties of the material. 
The investigated materials are hexagonal 
metals, hexagonal composite materials such as 
ceramics, ODS alloys, semiconductors such as 
silicon, GaAs, GaSe, etc., multilayer struc
tures of semiconductors and alloys, theoretical 
support. These studies are performed either in 
bilateral or in multilateral collaboration 
between the four contractors. A workshop has 
been organized in Mol from which collaborations 
b' e been established in the following domains: 
hexagonal metals, LI2 structures, WC, multi
layer structures, polycrystalline silicon and 
software developments. 

An investigation of the grain boundary struc
ture of a nickel superalloy has been started in 
collaboration with the University of 
Thessaloniki. The fact that the grain bound
aries are highly perturbed by the presence of 
carbides did not allow up to now a study of the 
grain boundary structure. Orientation charac
teristics have been investigated resulting in 
the frequent determination of low angle grain 
boundaries. 

The investigations on polycrystalline silicon 
are continued in collaboration with the 
University of Thessaloniki on coincidence grain 
boundaries and in collaboration with the 
University of Caen on low angle grain bound
aries . 

A co-ordinated programme has been proposed for 
a reorganization of the broad software support 
developed in our laboratories for the grain 
boundary analysis and their transfer or trans
lation in more modern computer languages for 
the on-line analysis. 

1.4.4 Elemental analysis, EDX 

P. Delavignette, L. Neyens 

The asbestos characterization programme is 
continued. The TFM is more specifically used 
for the composition determination (EDX), and 
the crystallographic structure determination 
(electron diffraction) of the various asbestos 
components. Bulk samples are examined, as well 
as possibly contaminated water and air samples. 
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1.5 NUCLEAR PHYSICS 

1.5.1 Neutron Spectrometry 

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

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

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

The test measurements to study the energy and 
the angular distributions of the alpha-
particles emitted in the ^CaCn,<*)-resonances, 
using a gas flow ionization chamber, have been 
successfully completed. Final measurements have 
been started. 

1.5.1.2 Systematic study of the thermal neutron 
induced (n,o) and (n.p)-reactions 

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

The systematic study of the ("th»") and 
(ntn,p)-reactions has been continued at a very 
intense and clean thermal neutron beam of the 
I.L.L. at Grenoble. The experimental investi
gation of the 41Ca(ntn,ro)-reaction has been 
finalized. A preliminary calculation of the 
41Ca(nth,Yci0) cross-section in the energy 
region 2.9-4.4 MeV yields 8 mb. A detailed 
analysis of these data is under way in order to 
determine the multipolarity of the primary 
low-energy Y-rays. 

For the *61Dy(ntn,a)-reaction cross-section, an 
upper limit of 30 ub has been reported in the 
literature. On the other hand, statistical 
model calculations yield tra < 11 ub. From our 
experiments, an upper limit oa < 1 ub could be 
determined. 

Finally, preparatory experiments have been 
performed on the 35C1 (nt>1,p) and

 13°La(n^, ,a) 
reactions. 

1.5.1.3 Resonance parameters for structural 
materials in fast reactors: the isotope °uNi 

L. Mewissen, F. Poortmans 

A series of neutron transmission experiments 
have been performed on a highly enriched 
(99.07 %) sample of 6 0Ni. The sample material 
was obtained on loan from the Oak Ridge 
National Laboratory, USA. 

experiments were done on a moderated neutron 
beam and covered the energy range 46 keV -
500 keV. The flight path length was i98.956 m 
and the burst and channel widths were both 
1 ns. 

A new neutron detector has been mounted for 
these experiments. It consists of a NE 110 
plastic scintillator, 10x10x5 cm, viewed 
side-on by two photomultipliers type 
EMI 9887 B. A 11 us dead-time was introduced in 
order to avoid corrections for afterpulsing. 

The saine type of experiments are planned for 
Ni and ^Ni. Resonance parameter analysis 

will start the second half of 1988 when the 
computer code SAMMY (obtained from ORNL) will 
be operational on the IBM main frame. 

1.5.2 Studies un nuclear fission 
(Joint S.C.K./C.E.N.-CBNM-RUG programme) 

1.5.2.1 Fission cross-section measurements at 
Gelina 

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

A simultaneous analysis has been done of the 
previously performed 2 3 3U, U and 239Pu(n,f) 
cross-section measurements with very low energy 
neutrons. In all cases, the neutron flux 
distribution was determined using the Li(n,a)t 
reaction. 

The present results considerably improve the 
of-data base in the neutron energy region 
between 2 meV and 1 eV, where the available 
data are generally scarce and/or inaccurate. As 
a typical result, the U(n,f) cross-section 
values obtained from the present experiments 
are shown in Fig. 1.5.?. I together with the 
evaluated ENDF-B5. Within the experimental 
error, the experimental data and the evaluated 
fils agree, although the experimental data 
below 10 meV indicate that r^ qoes faster to a 
1/v-shape than believed before. 

These results also allow more accurate calcu
lation:, of the Westcott g^-factors, since ther>p 
are strongly influenced by the shape of ^ at 
very low neutron energies, from the present 
data the following valuer, for g^ at T - 20.33°C 
have been calculated: 0.994 + 0.00.1 for ? 3 3U; 
0.976i0.002 for 2 3 5U; 1.055*0.003 for 2 3 9Pu. 
These values are in agreement with the best 
evaluated data. 

The 150 MeV linear accelerator of CBNM Geel has 
been used as a pulsed neutron source. The 



18 

it*-

FIG. 1.5.2.1 The measured fission cross-section 
shape for 235U (broken line) compared to 
ENDF/B5 (continuous line) in the neutron energy 
range from 2 meV to 1 eV 

1.5.2.2 Fission cross-section measurements at 
the ILL 

C. Wagemans (NFW0/FNR5, Rijksuniversiteit Gent 
and S.C.K./C.E.N.); A. Deruytter, R. Barthélémy 
(CBNM Geel); W. Mampe, P. Ageron, A. Michaudon 
(ILL Grenoble) 

Complementary to the previous experiments, the 
shape of the 2 3 5U (n,f) cross-section has been 
determined at very low energies at the Very 
Cold Neutron Source of the ILL at Grenoble. For 
this purpose a slow chopper has been installed 
at the end of the very cold neutron guide. A 
11 ug/cm* 2 3 5UF 4 layer and a 3 ug/cm2 6LiF 
layer were mounted back-to-back in a vacuum 
chamber at a distance of 58.1 cm cf the 
chopper. The 235U(n,f) and the 6Li(n,o)t-
particles were detected in a low geometry with 
surface barrier detectors. From these counting 
rates, kaf(E)/E was calculated. Within the 
precision, these results do not show a signifi
cant deviation of the 23'U fission cross-
section from a 1/v-shape. So it is believed 
that a 1/v-extrapolation of of from 2 meV down 
to zero energy, as generally applied, is 
justified. 

1.5.2.3 Studies of fission fragment properties 

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

The measurements of the '3°Pu (s.f.) fragment 
characteristics relative to those of 
239Pu(nth,f) have been continued at the BRI 
reactor. 

At the high flux reactor of the ILL, the study 
of the proton and deuteron emission in the 
ternary fission of the actinides has been 
continued. Special attention has been given to 
the energetically possible pion emission during 
••he fission process, but so far no clear 
evidence for the occurrence of such a pion 
emission has been obtained. 

1.5.3 Nuclear Spectroscopy 

1.5.3.1 Sixth Capture Gamma Symposium 

P. Van Assche 

The Sixth International Symposium on Capture 
Gamma-Ray Spectroscopy was held in Leuven, 
Belgium, from August 31 to September 5, 1987, 
This symposium continued the series of meetings 
at Studsvik (1969), Petten (1974), Brookhaven 
(1978), Grenoble (1981) and Knoxville (1984). 

This Sixth Symposium maintained the general 
spirit and intent of the earlier conferences by 
providing a forum for the discussion of neutron 
capture gamma-ray spectroscopy, but was 
somewhat broader in scope, as innovated already 
at the Knoxville Symposium (1984), by including 
the capture of other particles than neutrons. 
In the 1987 Symposium, the emphasis was on: 
- physics of the capture process itself: 
- nuclear structure studies following the decay 
of the capture state; 

- other scientific and technological 
applications of the capture reaction. 

Participation was open to all scientists, 
interested in the scope of this symposium; 
about 220 participants from 25 countries 
attended. 

The initiative for holding this Sixth Capture 
Gamma Symposium in Belgium was taken by the 
Nuclear Energy Centre (S.C.K./C.E.N.) at Mol. 
The following universities and research insti
tutes agreed to co-crganize this Symposium: the 
Katholieke Universiteit Leuven, the Université 
Libre de Bruxelles, the State University of 
Gent, the Central Bureau for Nude - Measure
ments (Joint Research Centre Geel, Commission 
of the European Community) and the Energie
onderzoekcentrum Nederland (ECN). The organ
izing Committee established the scientific 
programme, selected chairpersons, keynote 
speakers and oral presentations, guided by 
advice from the Advisory Committee and from the 
Programma Committee. 

The Committee members also performed the 
referee-task for all the texts submitted for 
publication. 

The symposium was sponsored and/or financially 
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supported by the co-organizing institutes and 
by the European Physical Society, the Belgian 
National Science Foundation, the Ministry of 
National Education and SABENA. 

The five-day symposium consisted of 
- Keynote speeches, highlighting the salient 
points of each session; 

- special invited papers, with particular 
attention to new developments; 

- Individual contributions in a presentation 
(oral or as a poster) that was 
session-related. 

Advisory and Programme Committee members 
participated in selecting from the nearly 160 
submitted contributions, the special invited 
papers and the oral and poster presentations. 

An agreement was made with the Institute of 
Physics for the following publication scheme. 
Keynote papers and special invited papers are 
published as a special issue of the Journal of 
Physics G: Nuclear Physics and also as part of 
a volume of the Institute of Physics Conference 
Series; this volume will also contain all other 
contributed papers, discussions and other 
symposium matters. 

The Organizing Committee consisted of 
P. Van Assche (Nuclear Energy Centre and Leuven 
University, Symposium Chairman); J.C. Dehaes 
(Université Libre de Bruxelles, Secretary); 
K. Abrahams (Energieonderzoek Centrum Nedtr-
land); R. Coussement (Leuven University); A. 
Deruytter (Central Bureau for Nuclear Measure
ments), P. Fettweis (Nuclear Energy Centre) and 
K. Heyde (State University Gent). 

The editorial task was performed by K. Abrahams 
and P. Van Assche. 

1.5.3.2 Photon scattering at the BR2 Reactor 

(Supported by Deutsche Forschungsgemeinschaft 
Contract Schu 222/6-2) 

P. Fettweis; F. Schroder, F. Wissman, 
G. Mondry, M. Schumacher (Göttingen, FRG) 

Photon elastic and inelastic scattering cross 
sections measured in the giant-dipole resonance 
region are very sensitive tests of nuclear 
models. Inelastic scattering experiments test 
both the underlying structure of the low-lying 
states and the coupling of low-lying to the 60R 
collective state. 

Nuclear elastic and Raman scattering are 
carried out in the energy range from 8.5 to 
11.4 MeV, uslfig highly monochromatic photons 
from the 58,59Ni(n,y) reaction. The photon 
source consists of 700 g Ni containing 3 g of 
" N i , inserted in the tangential through-

channel of the BR2 reactor. 

Using veto-counters around the Ge(Li) detectors 
an effective (99 %) back-ground reduction is 
achieved in the energy-range of interest. Due 
to these improvements small Dranching ratios of 
gamma-transitions into low-lying excited states 
become observable which were unmeasurable 
before. 

During 1987, measurements were performed on the 
even Samarium isotopes and on Tantalum-181. 

1.6 NEUTRON SCATTERING AND/OR DIFFRACTION 

1.6.1 Technical improvements of the 
spectrometers 

1.6.1.1 Neutron spectrometers at the BR2 Mol 

Installation of a Si-single crystal neutron 
filter at beam port R5 

J. Baudeweyns 

The filter consists of a cylindrical Si single 
crystal, 300 mm long and 125 mm diameter. To 
reduce the thermal diffuse scattering the 
filter is cooled down to 77.3 K. The cryostat 
is provided with an automatic system for 
injection of liquid nitrogen. The filter is 
working since October 1987 and gives entire 
satisfaction. The consumption of liquid 
nitrogen is very low and the background is 
strongly reduced, which especially near the 
incident beam improves the results. 

1.6.1.2 Mibemol T.O.F. spectrometer at the 
Orphée reactor, Saclay 

Mechanical improvements 

J. Brouwers 

During the longer annual stop of the Orphée 
reactor, the choppers were dismantled. The 
vacuum "labyrinth" of the housing and part of 
the supports of the choppers were transported 
to Mol for modification. The revised units were 
sent back to Saclay together with t*o racks, 
containing vacuum pumps and gas circuits to 
facilitate the use of the helium cryostat and 
some mechanical parts to improve the security 
at the working area near the sample table. The 
modification on the supports allowed the 
mounting of the choppers on a rubber pad which 
reduces the vibrât ions of the spinning 
choppers. 

Electronic improvements 

P. D'Hooghe 
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The number of He detectors for the flight 
paths was extended with 92 units, mounted in 
groups of 2. The 46 amplifiers were constructed 
in the laboratory at Mol. All detector 
assemblies were tested on the Mibemol spec
trometer to check in situ their good working 
order. 

1.6.2 Collaboration with L.L.B. (Laboratoire 
Leon Brillouin (Orphée reactor, Saclay) 

With the continuing support of IIKW/IISN, the 
collaboration with LLB has been pjrsued both 
for the exploitation of the MIBEMOL spectro
meter and for the use by Belgian scientists of 
the other spectrometers installed at the Orphée 
reactor. 

1.6.2.1 Measurements performed on the Mibemol 
spectrometer 

The Mibemol spectrometer was used for research 
programmes by both S.C.K./C.E.N, scientists and 
foreign groups: 
Inelastic neutron scattering in Ki_x(NH4)xI 
mixed crystals at 1.7 K 
C. Bostoen (UIA Antwerpen); 6. Coddens 
(IIKW/IISN, UIA Antwerpen) (see 1.6.2.3) 
Nearly free rotations of NH3-groups in Ni-Ni-Bz 
clathrate 
W. Wegener, E. Legrand; G. Coddens (IIKW/IISN, 
UIA Antwerpen) (see 1.6.2.4) 
Motions of HC1 molecules in quinone clathrates 
(test measurements) 
3. De Schepper (IHRH Mol); W. Wegener; 
6 Coddens (IIKW/IISN, UIA Antwerpen) 
Fracton density of states in silica aerogels 
E. Courtens (IBM Zurich); R. Vacher (University 
of Montpellier); G. Coddens (IIKW/IISN, UIA 
Antwerpen) 
Study of CĤ  trapped in NaA zeolithes 
R. Kahn (LLB, Saclay) 
Hydrogen diffusion in mordenite 
G. Driesen, M. Van Sant, F. Goovaerts (UIA 
Antwerpen); G. Coddens (IIKW/IISN, UIA 
Antwerpen) 

1.6.2.2 Measurements performed on ether LLB 
spectrometers by or in collaboration with 
Belgian scientists 

Measurements on the intercalate: polyoxy-
ethylene and hydrogenated and deuterated 
para-di-bromobenzene 
J.J. Point (UE Mons); J.M. Guenet (Universit. 
of Strasbourg); G. André, M. Perrin (LLB 
Saclay) 

Structure factor of nort-stoichiometric liquid 
GaAs 
Structure factor of liquid arsenic at high 
temperature 
Structure factor of liquid GaAs, with high Ga 

J.P. Gaspard (UE Liège); R. Bellissent, 
A. Menelle (LLB Saclay); C. Bergman, C. Bichera 
(CNRS, Marseille); P. Chieux (ILL Grenoble) 

Study of the phase transitions of the compound 
U(C5H5)3C1 between 300 K and 20 K 
M.R. Spirlet (UE Liège); A. Delapalme, T. Alain 
(LLB Saclay) 

Determination of the low temperature crystal 
structure of U(C5H5)3C1 
M.R. Spirlet (UE Liege); A. Delaplace (LLB 
Saclay); P. Schweiss (KfK Ju'lich) 

1.6.2.3 Inelastic neutron scattering in 
Kj.x(NH4)xI mixed crystals at 1.7 K 

C. Bostoen (UIA Antwerpen); G. Coddens 
(IIKW/IISN, UIA Antwerpen) 

TOF experiments have been performed for 
x=0.019, 0.059, 0.17, 0.27, 0.40 and 0.44 at 
the MIBEMOL spectrometer (LIB, Saclay). The 
results show a broad distribution of tunnelling 
lines, which can be attributed to the A-T 
transition of the ammonium ion in a perturbed 
octahedral field. For concentrations greater 
than 0.17 the distribution merges completely 
with the elastic peak, indicating a freezing of 
the ammonium ions. Additional TOF experiments 
have been planned for concentrations 
0.059 < x < 0.17 at 1.7 K, and also a tempera
ture dependence study. In addition neutron 
spin-echo and neutron diffraction studies at 
the LLB will be carried out. 

1.6.2.4 Nearly free rotations of NH3-groups in 
Ni-Ni-Bz clathrate 

W. Wegener, E. Legrand; G. Coddens (IIKW/IISN, 
UIA Antwerpen) 

The main structure of the inelastic neutron 
scattering spectra obtained at 4,2 K can be 
explained as due to transitions between the 
three lowest states of nearly freely rotating 
NH3-groups. However the symmetry of the hin
dering potential could not be dete-mined 
uniquely, and one additional small peak re
mained unexplained. Level calculations includ
ing NH3-NH3-interactions could not clarify 
these questions. Therefore i t was decided to 
add sets of measurements with higher resolution 
resp. higher momentum transfer to collect more 
experimental information. Short test measure
ments at 1.7 K on the Mibemol-spectrometer in 
Saclay showed that there higher transitions can 
be seen. Definite measurements, including those 
with deuterated specimens, have been planned 
for the near future. 
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1.7 PRELIMINARY STUDY OF A SYNCHROTRON 
RADIATION SOURCE PROJECT 

F. Poortmans (Project Leader, Physics Depart
ment), L. Baetslé (Head Research Division); 
P. Berkvens (Rijksuniversiteit Gent); 
L. Oe Saint Georges, M. Janowski (Biology 
Department); N. Maene (Physics Department), 
J.M. Salomé (CBNM Geel); G. Van Houte (Chemical 
Engineering Department); W. Vandermeulen 
(Metallurgy Department); W. Wegener (Physics 
Department) 

This is one of several proposals for future 
investments at S.C K./C.E.N., originated from 
the research division. It calls for the con
struction of a powerful synchrotron radiation 
source (SRS). Such a facility, located in the 
Mol area, could be fully justified for the 
following reasons. 
1) The field of applications is already very 

broad and is continuously expanding. It 
covers basic and applied physics, chemistry, 
chemical engineering, biochemistry, biology, 
biophysics, electrical engineering, ma
terials science, metallurgy and medicine. 

2) There is presently strong interest for such 
a facility not only from the Belgian scien
tific community, but also at the inter
national Irvel. 

3) At the existing SRS's in Europe., the demands 
are far in excess of the capabilities and 
the "waiting time" is thus very long (typi
cally, 6 months to 1 year). 

4) The broad technical and scientific "know-
how" and the existing infrastructure of 
S.C.K./C.E.N, and CBNM can easily be put to 
3ood use in building and operating a SRS. 

5) There is also a growing interest and in
volvement of industrial companies to exploit 
the unique opportunities offered by the use 
of SR. The main industrial interests in SR 
are at present in the area of catalysis, 
semiconductor technology and electronics, 
polymers, engineering and fabrication (study 
of adhesion of layers, trace-element analy
sis, crack propagation .,.) and biotech
nology of protein engineering. SR research 
has matured to the point where industrial 
applications will and should increase, also 
by medium and small companies. It is, 
however, noticed that in European countries 
which do not have their own SR facilities, 
the industrial involvement is developing 
very slowly or even not at all. This can be 
easily understood because collaborations 
with industry very often start with short-
term projects which require a fast response. 
In such situations, the distance between 
laboratory and user can be an important 
barrier. So the present proposal is also 
seen as a catalyst for more technology-
oriented research. 

A task force, consisting of staff members of 
S.C.K./C.E.N., CBNM and RUG has started to work 
out this proposal and is ready with an interim 
report which contains: 
A. A preliminary conceptual desiqn of the 

facility. 
B. A description of the possible use of such an 

installation for technology oriented 
research. 

The main ideas of this report are summarized 
hereafter. 

A The facility; preliminary conceptual design 

A schematic layout of the proposed SR facility 
is shown on Fig. 1.7. 

A.l The storage ring 

The main parameters of the proposed storage 
ring depend on the range of wavelengths to be 
covered. The aim is to have a useful range 
between 200 nm (6 eV) and 0.1 nm (12.4 keV). 
This can be reached with an electron energy of 
1.6 GeV and magnetic fields of 1.5 T in the 
bending magnets. Using high field, multipole 
hybrid wigglers, the photon flux in the region 
of 0.1 nm will be roughly one order of magni
tude larger than from the bending magnets at 
existing facilities. 

The main parameters of the proposed storage 
ring are: 

maximum energy 1.6 GeV 
circumference 101 m 
number of dipole magnets 12 
maximum field 1.5 T 
bending radius 3.56 m 
number of zero-dispersion c 

straight sections 
critical wavelength 0.48 nm 
maximum current 500 mA 
maximum power irradiation gj g ^ 

from B.M. 
horizontal emittance 

at 1.6 GeV 
= 5.10-0 m rad 

This storage ring design will be based on a 
Chasman-Green structure with six straight 
sections available for insertion of undulators, 
wigglers, the injection system and the accel
erating cavities. These sections are 4 m long 
and may be used as high e (undulator) or low B 
(wiggler) configurations. 

The basic cell (1/6 of the storage ring) 
consists of one arc matched to one insertion 
straight section. Two quadrupole triplets are 
used per straight section for flexibility. All 
straight sections should have zero dispersion. 
The dispersion is therefore limited to the 
region between the two 30" dipole magnets, by 
proper adjustment of the quadrupole strength in 



22 

• btom Un*» 

• Mloraç» rlnff 

powtr MupplitB • - / • • cont/wltr 

modulator holt 

" • » " " " " ; 

loberatetétt 

mminmi i i i i i in i i imm» 

1 bunchtr ol 2m » 7 f *cf/ons of 6m t l ntulron torgtt i gotlory | 
room 

750 HtVISOOI t' occtltralor I I C0NM linoc 

SCHEMATIC LAYOUT OF SYNCHROTRON RADIATION FACILITY 

M W 
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between. 

A.2 Injection 

A collaboration 
S.C.K./C.E.N, and 
reasons. 

was proposed between 
CBNM for the following 

The vacuum system is the most critical techno
logical part of the machine. Indeed, gas 
desorption from the walls of the storage ring 
increases the probability of ion trapping. Such 
ion trapping deteriorates the electron beam 
quality (emittance, maximum possible current 
and lifetime). 

Tne only well proven method to prevent ion 
trapping is to use positrons instead of elec
trons as radiating particles. This solution 
adds substantially to the coct of the facility 
because one has to install a high current 
electron Unac and a positron converter. 
However, the CBNM electron linac is very well 
suited for this purpose. 

The following injection system is proposed. The 
electron beam of the CBNM Unac Impinges onto 
the positron converter, a plate of heavy metal, 
which will be set up outside the normal target 
room of the electron linac. Positrons of a few 
MeV are collected by means of a suitable 
focusing system and injected into a 750 MeV 
positron linac. We propose to install one 
buncher and seven 6 m long sections to get 
positrons of 750 MeV. After injection into the 
storage ring, the energy can be further in
creased in the ring up to 1.6 GeV. 

New travelling wave sections (H-couple^. 4n/5 
mode) were presented in 1985 and are presently 
under development (CGR-MeV). The expected 
energy fer 6 m long ones is 125 Me''. In these 
condition? the injection energy in the storage 
ring is more than 900 MeV which reduces to 
1.6/0.9 the ratio of the maximum energy in the 
ring to the injection energy. 
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To summarize, we propose the following 
injection parameters: 

Energy MeV 
Peak current A 
Pulse duration 
ns 

Repetition 
rate Hz 

Buncher type 
Section type 
Number of 

sections 
Klystron type 
Number of 

klystrons 

Electron 
(existing 
CBNM) 

130 
6 

> 5 

10 

SW* 
TW**, 

2 

F 2042 

3 

linac 
at 

2n/3 

*SW : standing waves; **TW : 

B Possible 
research and ii 

use for 
ndustrial i 

Positron linac 

750 (> 900) 
0.02 

> 5 

10 

SW 
TW, 4*/5 

7 

TH 2100 

8 

travelling waves 

technology oriented 
applications 

In the present summary of the interim report we 
only concentrate on the well-established and 
matured experimental methods which such an 
intense light source can offer in some research 
fields of technological interest. 

1. In the field of materials science, synchro
tron radiation today stands as one of the 
most versatile tools, it enables the appli
cation of an entire spectrum of research 
techniques covering the whole range of 
structural levels relevant for materials 
properties and performance. Therefore, SR 
techniques are intensively used in research 
on metals and alloys, ceramics, composites, 
polymers, semiconductors, optoelectronic 
devices and substances such as liquid 
crystals, intercalation compounds, gels, 
colloids, membranes, ... 

2. The physico-chemical characterization of 
microstructures shows the opportunity to 
describe better the phenomena occurring at 
gas-solid or liquid-solid interfaces. These 
interface phenomena are known to exist in a 
broad field of processes as there are 
homogeneous or heterogeneous catalysis, 
gas-sol1d or liquid-solid reactions (known 
more specifically as corrosion, passivation, 
epitaxy, coating, oxidatie, i, combustion, 
chemical vapour deposition, plasma etching, 
etc.) and electrochemical reactions. The 
interface phenomena occurring on the molecu
lar level or on the level of interaction 
between atoms necessitate the use of power
ful characterization techniques as offered 
by SR. Another emerging field is the chemis
try of small clusters (organometallic 

clusters in gas, suspensions of small colloidal 
semiconductor particles, microstruct. re of 
amorphous materials). 
3. In the field of life sciences, SR offers 

several powerful methods for the investi
gation of macromolecules (proteins, enzymes, 
nucleic acids), viruses, membranes ..., to 
study 
- structural information 
- dynamic processes in biological materials 
- structural changes 
- assembling processes 
- molecular dynamics 
- oxido-reduction stages 
- molecular interactions 
The X-ray microscope makes i t possible to 
observe a l iv ing cel l and this could resolve 
many outstanding problems in cel l biology. 

4. X-ray fluorescence analysis using SR is a 
very powerful method for trace-element 
analysis. 

5. In the f i e l d of energy-related technologies 
tti? most important applications are: 
Fission: 
- Characterization of real nuclear waste 

material. 
Fusion: 
- Atomic and molecular data for plasma 

diagnostic techniques 
- Study of photon-induced desorption from 

surfaces 
- Surface structure studies of first wall 
- Studies of radiation defects in materials 
Solar: 
- Characterization of surfaces of conversion 
devices 

- Structure studies of semiconductor solar 
cells 

Fossil fuel combustion: 
- Catalysis 
- Structure studies of high temperature 
materials 

- Surface studies on corrosion 
Storage of energy: 
- Characterization of the interface between 

the different electrochemically active 
substances in the solid, liquid or gaseous 
state (relevant to advanced energy conver
sion and storage devices such as batter
ies, electrolysers and fuel cells). 
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Publications 

Steady-state photoconductivity in Bi- and 
Sb-modified Ge2Sey glasses 
G.J. Adriaenssens, P. Nagels, G. Seynhaeve 
J. Non-Cryst. Solids 97&98 (1987) 675 

Variable-range hopping in polymers prepared 
from iodo(2-nitrophenyl)-acetyl ene 
M. Rotti, H. Krikor, P. Nagels 
in Springer Series in Solid State Sciences 76 
"Electronic Properties of Conjugated Polymers", 
Ed. H. Kuzmany, M. Mehring and S. Rotn, 
Springer Verlag (1987) p. 27 

Structural characterization of polymers 
prepared from iodophenylacetyl ene by heating at 
different temperatures 
M. Rotti, H. Krikor, P. Nagels 
in Springer Series in Solid State Sciences 76 
"Electronic Properties of Conjugated Polymers". 
Ed. H. Kuzmany, M. Mehring and S. Roth, 
Springer Verlag (1987) p. 334 

Development of the scientific and technical 
basis for integrated amorphous silicon modules. 
Description of the research work proposed by 
S.C.K /C.E.N. 
P. Nagels 
in Photovoltaic Power Generation, vol. 1, Eds. 
G. Wil^eke and G. Grassi, D. Reidel Publishing 
Company (1987) p. 23 

The magnetic behaviour of superconducting 
YBa2Cu3Cx, measured following the Faraday 
method 
A. Van den Bosch, J. Vansummeren, H. Ooms, 
R. Gilissen, J. Cosymans, J. Cornell's, 
N. Maene, r. Biermans 
Proceedings of the European Workshop on "High 
Tc Superconductors and Potential Applications, 
Genova 1-3 July (1987) p. 385 

Double-differential neutron-emission cross-
sections for Li and incident neutrons between 
1.6 and 13.8 MeV 
E. Dekempeneer, H. Liskien, L. Mewissen, F. 
Poortmans 
Nuclear Science and Engineering 97 (1987) 353 

Structure of unbound states in "Si from 
neutron resonance spectroscopy of 8Si+n 
H. Weigmann, K W . Martin, R. Kohier, 
I. Van Parijs, F. Poortmans, J.A. Wartena 
Phys. Rev. 36Ç (1987) 585 

Levtls in 154Eu populated by (n,Y) and (d,p) 
reactions 
M.K. Balodis, P.T. Prokofjev, N.D. Kramer, 
L . I . Simonova, K. Schreckenbach, W.F. Davidson, 
J.A. Pinston, P. Hungerford, H.H. Schmidt, 
H.J. Scheerer, T. von Egidy, P.H.M. Van Assche, 

A.M.J. Spi ts , R.F. Casten, W.R. Kane, 
D.D. Warner, J . Kern 
Nuclear Physics A472 (1987) 445 

Resonance structure of 33S+n from transmission 
measurements 
G.P. Coddens, M. Salah, J.A. Harvey, N.W. H i l l , 
N.M. Larson 
Nucl. Phys. A469 (1987) 480 

Phonon density of states of the YBa2Cu30y 

superconducting ceramics 
L. Mihaly, L. Rosta, G. Coddens, F. Mezei, 
Gy. Hutiray, G. Kriza, B. Keszei 
Phys. Rev. B36, (1987) 7137 

Lectures 

The ignored discovery of the element Z=43 and 
its implication on the discovery of fission 
P. Van Assche 
S.C.K./C.E.N. Mol, Belgium 
March 19, 1987 

The ignored discovery of the element Z=43 and 
its implication on the discovery of fissior, 
P. Van Assche 
Institut Laue Langevin, Grenoble, France 
May 13, 1987 

The magnetic behaviour of superconducting 
YBa2Cu30x, measured following the Faraday 
method 
A. Van den Bosch, J. VansUmmeren, H. Ooms, 
R. Gilissen, J. Cooymans, J. Cornel is, 
N. Maene, F. Biermans 
European Workshop on High Tc Superconductors 
and Potential Applications, Commission of the 
European Communities 
Genova, Italy 
July 1-3, 1987 

Effect of y irradiation on the relaxation 
properties of the amorphous phase of PET 
S. El-Sayed, R. De Batist 
Effect of y irradiation on the mechanical 
properties of crystalline PET 
S. El-Sayed, R. De Batist 
Low temperature ultrasonic attenuation in 
neutron-irradiated quartz versus the induced 
mass-density changes 
A. Vanelstraete, C. Laerwis, J. Cornelis 
Fifth European Conference on Internal Friction 
and Ultrasonic Attenuation in Solids, 
Antwerpen, Belgium 
July 26-30, 1987 

Variable-range hopping in substituted 
phenyl-acetylene polymers 
P. Nagels 
Experimental studies on small-polaron hopping 
P. Nagels 
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Second International Conference on Hopping 
Transport and Related Phenomena, Bratislava, 
Czechoslovakia 
August 18-21, 1987 

Steady-state photoconductivity in Bi- and 
Sn-modified Ge^Se-* glasses 
P. Nagels 
Twelfth International Conference on Amorphous 
and liquid Semiconductors, Prague, 
Czechoslovakia 
August 24-28, 1987 

Nuclear structure studies with (n,a) and (n,p) 
reactions 
C. Wagemans, H. Weigmann, R. Barthélémy 
6th Int. Symposium on Capture Gamma-Ray 
SDectroscopy 
Leuven, Belgium 
August 31 - September 4, 1987 

Development of the scientific and technical 
basis for integrated amorphous silicon modulus. 
Description of the research work carried out at 
S.C.K/C.E.N. 
P. Nagels 
ISES Solar World Congress 1987, Hamburg, 
F.R. Germany 
September 13-18, 1987 

On the influence of sample characteristics on 
nuclear measurements (invited paner) 
C. Wagemans 
IAEA Specialists' Meeting on the Influence of 
Target and Sample Properties on Nuclear Data 
Measurements 
Geel, Belgium 
September 21-24, 1987 

The ignored discovery of the element Z=43 and 
its implication on the discovery of fission 
P. Van Assche 
E.C.N. Petten, The Netherlands 
September 28, 1987 

Theory of the orientational glass state 
C. Bostoen, K.H. Michel 
Neutron Scattering Seminar 
Delft, The Netherlands 
October 6, 1987 

Interaction of X-rays with matter: some 
applications of synchrotron radiation in solid 
state physics 
W. Wegener 
IL IS task group, 
S.C.K./C.E.N. Mol and CBNM Geel, Belgium 
October 9 and 15, 1987 

Fission physics experiments at the BRI reactor 
C. Wagemans, P. Schillebeeckx, A. Deruytter, 
R. Barthélémy 
Int. Symposium on the Utilization of 

Multipurpose Research Reactors and Related 
International Cooperation 
Grenoble, France 
October 19-23, 1987 

Physico-chemical characterization of 
bituminized Eurochemic medium level waste 
P. Van Iseghem, W. Timmermans, R. Reynders 
Laboratory and in-situ interaction between 
simulated waste glasses an-,' clay 
P. Van Iseghem, W. Timmermans 
CEC Progress Meeting for Task 3, Testing and 
Evaluation of Conditioned Waste and engineered 
Barriers, Fontenay-aux-Roses, France 
October 20-22, 1987 

TEM analysis of grain boundaries 
P. Delavignette 
Symposium Transmission Electron Microscopy of 
Grain Boundaries and Interfaces 
Mol, Belgium 
October 26, 1987 

Orientation determination and relative software 
P. Delavignette 
Workshop "Relation entre les propriétés 
physico-chimiques et la structure des joints de 
grains et autres interfaces dans les solides 
polycristallins et les matériaux composites" 
Mol, Belgium 
October 26-30, 1987 

Analysis of a-Si:H solar cells by I-V curve 
fitting 
J . Smeets, M. Van Roy, P. Nagels 
3 In te rna t iona l Photovoltaic Science and 
Engineering conference, Tokyo, Japan 
November 3-6 , 1987 

The long-term corrosion and modelling of two 
simulated Belgian reference high- level waste 
glasses 
P. Van Ist^hem, B. Grambow 
X I t h Symposium on Sc ien t i f i c Basis for Nuclear 
Waste Management, Boston, USA 
November 30 - December 3, 1987 

Magnetic measurements on YBâ2Cu30x ceramic high 
temperature superconductors 
J . Corne l is , A. Van den Bosch, J . Vansummeren, 
H. Ooms, R. ( l i l i s s e n , J . Cooymans 
Symposium or. High Temperature Superconductors, 
Fal l Meeting of the Materials Research Society , 
Boston, USA 
November 30 - December 3, 1987 

Recent differential low energy cross-sections 
and thermal evaluations 
A. Deruytter, C. Wagemans, F. Corvi, E. Axton, 
P. Schillebeeckx 
IAEA Advisory Group Meeting on Measurements on 
Nuclear Data for the Calculation of Thermal 
Reactivity Coefficients 
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Vienna, Austria 
December 7-11, 1987 

Properties and applications of amorphous 
silicon 
P. Nagels 
Symposium Amorphous Metals 
Brussels, Belgium 
December 12, 1987 

Thesis 

Crystal l ization of a complex f e r r i - s i l i ca te 
glass 
A.D. Stalios 
Antwerpen, November 13, 1937 

Miscellaneous 

Organization of the Fi f th European Conference 
on Internal Friction and Ultrasonic Attenuation 
in Solids, ECIFUAS-5 
Antwerpen, Belgium 
R. De Batist (Chairman) 
July 26-30, 1987 

Organization of the Sixth International 
Symposium on Capture Ganma-Ray Spectroscopy 
Leuven, Belgium 
P. Van Assche (Chairman) 
August 31 - September 4, 1987 

Organization of a Symposium "Transmission 
Electron Microscopy of Grain Boundaries and 
Interfaces 
Mol, Belgium 
P. Delavignette (Chairman) 
October 26, 1987 

Organization of the Workshop "Relation entre 
les propriétés physico-chimiques et la 
structure des joints i^ grains et autres 
interfaces dans les solides polycr istal l ins et 
les matériaux composites" 
Mol , Belgium 
P. Delavignette (Chairman) 
October 26-30, 1987 
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2.2 MATERIALS PROCESSING 

2.2.1 Development of OPS alloys for 
high-temperature service 

L. Coheur, M. Heylen-Geladi 

Because of the excellent oxidation resistance 
and good mechanical properties at high 
temperature, 'he ODS ferritic alloy 
DT0603Y05/3A1 a veloped in the framework of 
the European a' -ion COST 501 (Cooperation in 
the Field o" Scientific and Technical 
Research) is envisaged as material for heat 
exchanger tubing. Until recently, only rod 
specimens were prepared and evaluated. In 
close collaboration with Dour Metal, the 
adaptation of the processing parameters to the 
fabrication of tubes was carried out. A piece 
of tube is now being tested in an advanced 
coal combustion pilot plant. 

A research proposal concerning the development 
of ODS nickel-base alloys for gas turbine 
vanes has been prepared by CEN/SCK in 
collaboration with CRM and Dour Metal. It has 
been submitted for approval to the COST 501 
Managen^nt Committee for the second round of 
the action. CEN/SCK and CRM will also 
participate in another proposal submitted by 
Dour Metal and related to the development of 
ODS ferritic tubing for high-temperature heat 
exchangers. 

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

L. De Wilde, A. Delbrassine, S. de Burbure, 
J. Gedopt, W. Hendrix 

The favourable effect of slight compositional 
modifications on the manufacturing ability of 
ODS cladding tubes has been demonstrated for 
one experimental alloy (1). It was also shown 
that the effect on the mechanical properties 
was limited. The programme has therefore been 
extended to five DY-type alloys, with slightly 
different Cr, Mo, Ti and/or Y5O3 contents. 
The mechanical properties of these alloys 
(tube diameter 6.55/5.65 mm) have been checked 
by tensile testing at temperatures between 
20°C and 700°C and stress rupture testing at 
600°C and 700°C. 

Table 2.2.1 summarizes the tensile properties 
at 20°C as compared to the mean results 
obtained on DT2906 and DT2203Y05 reference 
alloys used in the IDEFIX demonstration 
irradiation. Yield strength and tensile 
strength range between the DT2906 and 
DT2203Y05 data; the total elongation is 
systematically higher than for the former 
alloys. Tensile properties at 700°C are given 

in Table 2.2.2.2 and are also situated between 
the corresponding values for DT 2906 and 
DT2203YÛ5 alloy tubes. 

Table 2.2.2.1 : Tensile properties at room 
temperature of modified DY-alloys 

Tube 
code 

2635/3/111 

2715/1/11 

2716/3/11 

2717/8/11 

2718/5/11 

I0EFIX TUBES (*) 
DT2906 
DT2203Y05 

,YS % 
(MPa) 

677 
701 
783 
766 
715 
726 
760 
766 
720 
715 

470 
766 

,IJTS 
(MPa) 

805 
808 
968 
964 
851 
870 
895 
924 
889 
883 

787 
974 

\h 
19.3 
18.2 
16.4 
15.7 
14.6 
15.3 
9.1 
17.1 
17.8 
18.0 

12.8 
8.0 

(*) DT2906 : 13 Cr, 1.5 Mo, 2.9 Ti, 0.6 0^ 
bound to Ti (wt. %) 

DT2203Y05 : 13 Cr, 1.5 Mo, 2.2 Ti, 0.3 0, 
bound to Ti, 0.5 Y 20 3 (wt. %) 

' I OT2203VO» 

M O D 

TKCtnn) 

Fig. 2.2.2 : Axial stress rupture properties 
at 700°C of modified DY alloy tubes (batches 
2635 and 2694) 

Table 2.2.2.2 : Tensile properties at 700°C of 
modified DY-alloys 

Tube 
code 

2635/3/111 

2715/1/11 
2716/3/11 
2717/8/11 
2718/5/11 

YS 
(MPa) 

227 
208 
245 
221 
221 
213 

UTS 
(MPa) 

248 
233 
255 
233 
238 
223 

et 
(%) 

18.2 
18.2 
16.4 
16.7 
17.1 
25.7 



Axial stress rupture results for the modified 
alloy batches 2635 and 2694 are shown in Fig. 
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previously determined for DT2203Y05 and DT2906 
alloy tubes. It turns out that creep rupture 
life almost coincides with the DT2203Y05 
curve. Similar tests as well as biaxial 
stress rupture tests are in progress for the 
other modified alloys. 

2.2.3 Irradiation resistance of OPS ferritic 
alloys 

A. Delbrassine 

The excellent resistance of the ODS ferritic 
alloys, developed at the SCK/CEN laboratories, 
under fast neutron reactor irradiation 
conditions has been further confirmed by the 
first non-destructive examinations of ODS clad 
pins exposed in the French Phénix reactor 
(FETICHE and POUSSIX experiments) and by 
pressurized capsules exposed in the BR2 
reactor (OASIS experiment). 

Pin bundle irradiations (FETICHE and POUSSIX) 

Two pin bundles comprising ODS clad pins have 
been unloaded from the French Phénix reactor 
in July 1987. The P0US3IX experiment features 
fuel-clad interactions and consists of 12 fuel 
pins out of which two are clad with ODS 
ferritic alloys. A neutron damage of 84 dpa 
NRT was accumulated. The FETICHE experiment 
consists of 13 standard PHENIX size fuel pins, 
9 of which are clad with ODS-ferritic alloys, 
3 with a standard ferritic alloy (EM 12) and 
one with an advanced austenitic alloy (DIN 
1.4970) for reasons of comparison. The 
irradiation conditions are given in Table 
2.2.3.1. 

Table 2.2.3.1 : Irradiation conditions FETICHE 
experiment 

Irradiation time 576.5 
(equivalent full-power days) 

Neutron damage dose 91 
(dpa NRT) 

Burn-up : MWd/t 86.75 
at. % 10.7 

Linear power (W/cm) 480 to 380 

Dimensional control of the FETICHE fuel pins 
was performed in the laboratories of Marcoule, 
France. The pins clad with the DT2203Y05 ODS 
ferritic alloy did not show any measurable 
diameter deformation. The DT2906 ODS ferritic 
alloy pins showed a diameter increase of a few 
microns (for a diameter of 6.56/5.65). This 

value should be compared with a minimum value 
of 25 pni for the most advanced austenitic 
stainless steel (optimized W.N, 1.4970 C.W.) 
exposed to the same neutron dose damage level. 
Length increases were recorded also. The 
values are given in Table 2.2.3.2. 

Table 2.2.3.2 : FETICHE irradiation 
experiment: dimensional changes after 
accumulating a 91 dpa NRT neutron damage dose 
rate 

Pin Alloy 
number 

3 
4 
15 
17 
8 

1 
2 
7 
14 

6 
11 
12 

13 

Length 
(mm) 

0.5 
0.8 

DT2203Y05 1.0 

DT2906 

EM12 

316 Ti 

0.8 
0.7 

2.4 
2.2 
2.2 
2.1 

1.6 
1.4 
1.0 

4.8 

Increase Relative diameter 
increase (X) 
mean 
value 

0.8 < 0.05 

2.2 < 0.05 

1.4 0.11 

1.10 

Non-destructive control by Eddy current 
testing did not give any indication of 
possible internal corrosion damage. However, 
the sensitivity of the method, particularly 
for ferritic materials, may not be sufficient. 
Destructive metallographic examinations are 
required to generate more precise information 
for this aspect. 

Pressurized capsule experiments (OASIS 1 and 
2) 

Internally pressurized tubes of OOS ferritic 
alloys and two reference ferritic alloys (EM12 
and DIN 1.4914) have been irradiated in BR2 in 
a temperature range between 530°C and 650°C. 
Objective of the experiments is the study of 
the possible overageing effect on ferritic 
alloys under fast neutron flux conditions. In 
the OASIS-1 experiment a fast neutron dose of 
about 10 dpa NRT was accumulated over 10,500 
hours exposure. The corresponding values for 
the 0ASIS-2 experiment were 5 dpa NRT and 
4,250 hours. During one of the irradiation 
cycles the temperature was raised beyond 800°C 
for short periods (less than one hour). 
Cladding diameter deformations of 10 % were 
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recorded for the reference ferritic allovs, 
whereas no measurable diameter increase could 
be detected for the ODS ferritic tubes. This 
is a first experimental indication of 
satisfactory performance of ODS ferritic 
alloys under loss of coolant flow (LOF) 
transient conditions. 

2.2.4 Plasma spray coatings 

S. Van Essche-Heusdains, M. Hannotiau, M. 
Geladi-Heylen, V. Willcckx 

An automatic gun translation and component 
rotation device has been installed for 
ensuring highly uniform and reproducible 
coating qualities (Fig. 2.2.4.1). 

Promising results concerning the upgrading of 
atmospheric plasma sprayed coatings by a 
pulsed Nd : YAG laser and by hot isostatic 
pressing have been obtained. The project is 
supported by the "Vlaamse Executieve" 
(Regional Government). 

Laser treatment of ceramic coatings is applied 
in an effort to seal their surface against 
penetration by corrosive agents in high 
temperature heat exchanger environments, and 
to improve their physical and mechanical 
properties. The method was applied to oxide 
type ceramic coatings. For the conditions 
studied, superficial melting was always 
observed followed by rapid cooling due to a 
self-quenching effect, producing an amorphous-
like "laser glazed" outer layer. The 
integrity of ceramic coatings is significantly 
affected by their relatively low thermal 
expansion coefficient and brittle fracture 
behaviour. In the previous report (1), it was 
stated that a network of fine cracks usually 
developed over the major part of the laser 
treated coating. This phenomenon is of 
major concern since it may provide access of 
corrosive species to the substrate. Although 
it has not been possible to fully avoid this 
phenomenon so far, the crack density could be 
decreased considerably with the addition of a 
second oxide to the system. Microstructural 
examination of the treated ceramic coatings 
has shown that the melted layer solidifies 
with a columnar grain structure. 

A first set of laser treated ceramic coated 
stainless steel tubes has been placed and 
tested in the highly corrosive, high 
temperature exhaust gases of an aluminum 
remelting furnace, during approximately 1000 
hours. Examination of the exposed materials 
is 1n progress. 

Carbide type materials have been plasma 
spra>ed on steel samples in order to improve 

their resistance against wear. However, the 
relatively high density of pores and the 
laminar microstructure of the coating give 
rise to relatively low coating strength and 
limited bonding to the substrate material. 
HIP-ing (hot isostatic pressing) was used to 
improve these properties. Tests with 
unencapsulated samples were unsuccessful, 
since the pressurizing gas penetrated i.ito the 
pores. Capsules were therefore designed and 
processed, based on thin steel foils, filled 
up with an inert powder to transmit the 
outside gas pressure to the coated samples. 
Considerable bonding improvement and reduction 
of pores could be observed. 

Differential thermal analyses were performed 
on carbide type cermet coating powders in an 
effort to identify phase transformations which 
could occur during the thermal cycle 
associated with the HIP-treatment. 

Fig. 2.2.4.1 : Operation of plasma gun 
equipped with automatic gun translation and 
component rotation device 

High quality and reproducibility of 
multicomponent and graded coatings depends to 
a large extent upon a reliable powder feed 
control. Calibration tests were therefore 
performed as a function of the hopper pressure 
and the carrier gas flow for different powders 
(Fig. 2.2.4.2). A statistical curve fitting 
procedure was applied to determine the 
relation between the powder mass flow rate and 
the operating parameters (Fig. 2.2.4.3). The 
results were analysed in terms of an 
exponential relation of the form : 

P = Ae"B 

with : P : powder mass flow rate (grams per 
minute) 

A : parameter, which primarily depends 
upon the carrier gas flow rate 
(liters per minute) 

B : parameter, is inversely related to 
the hopper gas pressure (mb) 
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Fig. 2.2.4.2 : Plasma spray powder feed system 
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Fig. 2.2.4.3 : Powder feed calibration curve 
established for A l ^ powder 

The results are compared with the 
well-established relations developed for the 
characterization of two-phase pneumatic 
transport. The approach is particularly 
important when materials with particular 
geometries are to be fed into a plasma spray 
gun. 

In close cooperation with the Technology 
Department (W. Detavernier) stress and strain 
distributions were calculated for a reference 
coating-substrate system (alumina coating on 
cast iron) submitted to heating cycles between 
20°C and 1000°C. The difference between the 
thermal expansion coefficients of the coating 
and the substrate gives rise to elastic and 
plastic strains in the coating. 

On request of an industrial client a set of 
components of a chemical reactor has been 
coated of with different corrosion and wear 
resisting materials. After reactor exposure 
the components were recovered for full 
analysis of the damage and the damage 
mechanisms experienced by the different 
coatings under service conditions. 

2. MATERIALS PERFORMANCE 

2.3.1 Fast neutron irradiations of fuel pins 
clad with austenitic steels 

A. Delbrassine 

Charlemagne-Oliphant experiments 

These fuel pin irradiation experiments have 
been conceived to compare the high neutron 
dose resistance of advanced austenitic 
cladding materials. The OLIPHANT experiment 
is an extension of the CHARLEMAGNE experiment 
in which pre-irradiated fuel pins were further 
exposed to high neutron dose damage rates, as 
shown in Table 2.3.1. 

Table 2.3.1 : Major irradiation conditions for 
CHARLEMAGNE and OLIPHANT fast neutron 
irradiation experiments 

Neutron Irradiation Burn-up 
dose time (at. %) 
(dpa NRT) (days) 

Charlemagne 94 586.5 10.22 
Oliphant 128 803.4 14.19 

Dimensional control of the irradiated pins 
showed that the 15 Cr - 15 Ni - Ti -
stabilized cold-worked steels supported 
considerably better the high irradiation dose 
than the AISI 316 titanium stabilized 
cold-worked type steels. The relatively high 
Si-content of the DIN 1.4970 cold-worked steel 
is considered responsible for the low relative 
pin diameter increase found for this steel 
(1.6 %). Values over 5 % were observed for 
the AISI 316-Ti-CW steel. Non-destructive 
Eddy-current tests did not give indications 
for important fuel-clad interaction. 

Farfadet experiments 

The FARFADET irradiation configuration is 
designed to reproduce the thermal behaviour of 
the mixed-oxide fuel column at the beginning 
of l i f e in a fast reactor environment. A 
detailed description of the irradiat ion device 
has been given earlier (?) . Irradiation 
campaigns of 21 days, 24 hours and 2 hours 
were performed. Non-destructive examinations 
have been completed for the 21 days campaign 
(2) and are in progress for the 24-hour and 
2-hour campaigns. 
Metallographic examination of the 21-day pins 
has shown that the pins f i l l e d with a low 
density fuel undergo severe mechanical 
fuel-clad interaction part icularly for large 
i n i t i a l gap geometries. Local cladding 
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deformations of could be measured. 
Important restructurating of the fuel is 
observed and the chemical fuel-clad 
interaction is very important. The attack of 
the cladding proceeds intergranularly, and 
tel lurium is invoiced as oxidation catalyst. 

2.3.2 Effect of neutron irradiat ion at 250°C 
on the fatigue properties of AISI 316 L 

W. Hendrix, W. Vandermeulen 

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

'he effect of fast neutron i r radiat ion on the 
fatigue resistance of the f i rs t -wa l l materials 
of a fusion reactor is studied by comparing 
the fatigue properties of these materials for 
irradiated and unirradiated conditions. In 
the previous semestrial report (1) the Î3Û°C 
fatigue properties of solution annealed (SA) 
AISI 316L stainless steel , one of the prime 
candidate f i rs t -wa l l materials, have been 
presented for both unirradiated and irradiated 
conditions. 

A second i r radiat ion has been performed in BR2 
at 250°C up to about 10 dpa NRT in a so-called 
FAFUMA-II r ig (Fatigue of Fusion Materials). 
The f i r s t fatigue test results of unirradiated 
material at 250°C for a cycling frecuency of 
0.5 Herz have been obtained. They w i l l serve 
as a basis for comparison with the results on 
the irradiated material. 
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Fig. 2.3.2.1 : Fatigue test results of 
unirradiated CEC reference solution-annealed 
AISI 316L steel at 250°C 
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Fig. 2.3.2.2 : Cyclic hardening of 
unirradiated AISI 316L steel at 250°C 

Fig. 2.3.2.1 shows the results in a 
total-strain versus number of cycles to 
rupture plot. For comparison a line, 
representing the 430°C results, has been 
included. Taking into account that the 
pretreatment of the specimens for the two test 
series was not completely identical, it 
appears that the influence of temperature or 
the strain range versus number of cycles to 
rupture relation is limited. 

In Fig. 2.3.2.2 a few typical cyclic hardening 
curves are given, i.e. the cyclic stress 
amplitude versus number of cycles for a fixed 
axial strain range. It can be seen that at 
low strain ranges the stress increases 
steadily with the number of cycles. At high 
strain ranges the stress reaches a maximum 
value after about 100 loading cycles. This is 
in accordance with the results obtained for 
the 430°C test series. 

2.3.3 Mass transfer in liquid Pb-17j_i 

F. De Schutter, P. Lemaitre, H. Tas 

This work is performed under contract, with the 
CEC, association contract Euratom-Belgian 
State 100-82-1 FUA B. The work is performed 
in close collaboration with the Technology 
Department (Jd. Dekeyser). Objective of the 
programme is to establish material damage 
rates and mass transfer rates for the tritium 
breeder material Pb-17Li, which is presently 
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the prime candidate liquid metal breeder 
[Material in the European Fusion Technology 
programme. 

The Pb-17Li natural convection loop LELI was 
operated for a long exposure test campaign of 
3976 hours (run 7). The cold leg temperature 
was held at 413°C and the hot leg at 450°C. 
Coupons of the two CEC reference materials, 
AISI 316L and DIN 1.4914, were exposed as 
polished in the hot and cold legs of the loop. 
In contrast with former campaigns, the loop 
was not rinsed with pure lithium prior to 
Pb-17li operation. After the run, the Pb-17Li 
was dumped and the main components of the loop 
were recovered for detailed examination. The 
tab samples were thoroughly cleaned by 
alternative exposure to water and lithium 
until no further weight change could be 
observed. 

In Fig. 2.3.3.1 the weight change data 
obtained are compared with data obtained 
during earlier campaigns (run 1-6) and data 
reported by other investigators. It appears 

that for both materials the new dissolution 
rates are much lower than in all previous 
campaigns. Microstructural analysis of the 
coupons revealed the reason for this 
discrepancy : as can be seen in Fig. 2.3.3.2 
the surface attack of the AISI 316L material 
is not uniform and some areas appear to be 
completely unaffected after exposure to the 
liquid metal. The zones where a porous 
surface layer developed extend to a depth of 
only 20 um whereas in former experiments a 
thickness of 30 to 40 um was found after an 
exposure time of only 1000 hours at 450°C 
(campaign 6 ) . 

The above results car be explained in terms of 
a very thin but stable oxide layer covering 
the surface of the samples and preventing 
direct contact between the steel and the 
liquid metal (wetting). In earlier 
experiments this was overcome by rinsing the 
loop with pure lithium prior to Pb-17Li 
filling. However, this procedure gave rise to 
an increase of the lithium content of the 
Pb-17Li and led to plugging of the loop. For 
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Fig. 2.3.3.2 : Cross-section of AISI 316L and DIN 1.4914-steels after 4000 hours exposure to 
flowing Pb-17Li at 450°C. Notice the non-uniform attack of AISI 316L and the intergranuiar 
attack of DIN 1.4914 
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Fig. 2.3.3.1 : Arrhenius plot of corrosion 
rate data for austenitic and f e r r i t i c steels 
in flowing Pb-17Li. SCK/CEN results refer to 
4000 h/450°C (campaign 7) , 1000 h/450°C 
(campaign 6 ) , 400°C (campaigns 1 to 5). CEA 
data refer to experiments {n the small 
convection loop "Tulip" (T) and the larger 
convection loop "Clipper" (C) 

th is reason, pr ior l i thium rinsing was 
abandoned, assuming that the oxide layer would 
be removed also by the l iquid Pb-17Li in a 
reasonable time. However, the act iv i ty of 
l i thium in Pb-17Li is so much lower than in 
pure l i thium that the passivation layer formed 
on polished stainless steel surfaces 
apparently decomposes very slowly and is not 
removed completely even after 4000 hours of 
exposure at 450°C. In the areas where active 
corrosion was observed, the thickness of the 
porous f e r r i t i c corrosion layer corresponds 
with an "active" exposure time of 500 hours 
only. Correcting the dissolution rate data tc 
th is active corrosion time yields values of 
about 70 mg/m2h for AISI 316L and 30 mg/m2h 
for the f e r r i t i c s tee l , values which are 
comparable to our earl ier investigations 
(campaigns 1-6), but which are s l igh t ly higher 
compared to the long-term corrosion rate data 
of other authors (3) . This small discrepancy 
is ascribed to the non-linear dissolution rate 
versus time dependency. 

After run 7 the 'loop was dismantled and the 
316L steel tubes were investigated at 
different locations as indicated in Fig. 
2.3.3.3. The heating element is located 
between locations 8 and 16. At each locat ion, 
uncleaned samples (with Pb-17Li s t i l l adhering 
to the surface) as well as cleaned specimens 

were investigated. Some typical results are 
y I » 111 i n i i y . ( - . ^ . . y . t / . IIW i w-u i i t.cij a L I U I . r. 

was observed. This is probably due to the 
inhomogeneous natur : of the oxide layer at the 
inner surface of the tubing, which is 
completely different as compared to the thin 
passivation layer developed after polishing. 
A rather thin porous ferritic layer-up to 20 
Mm after cleaning (see location 15)- had 
developed confirming the retardation effect of 
the corrosion process due to the oxide layer. 
Comparison of the micrographs of locations 15 
and 16 shows that the porosity of the surface 
layer is enhanced by the cleaning procedure 
without affecting its overall thickness. 

After a previous test campaign of 5455 hours 
microstructural analys's of the loop tubing 
showed deep (up to 100 urn) intergranular 
attack (4). This attack was ascribed to 
heating-up of part of the loop for eliminating 
a plug situated,,in the lithium dump-line. The 
results of campaign 7 confirm this explanation 
as no such deep interqranular attack was 
observed. Fig. 2.3.3.3 also shows that 
corrosive attack has occurred in the hot zone 
(locations 9 to 17), while in the cold leg 
(locations 1 to 6) material is deposited. The 
thickness of the porous corrosion layer 
increases with increasing temperature, 
indicating that material loss is mainly 
governed by a thermal gradient mass transfer 
mechanism. The correlation between tempera
ture and corrosion layer thickness was not 
apparent after the previous campaign. 

After run 7 a short additional 'est campaign 
was initiated. Aim was 10 test a new 
procedure to measure absolute corrosion 
depths. Corrosion rates are routinely derived 
from weight changes of polished test tabs 
before and after exposure. However, in the 
case of exposure to Pb-17Li interpretation of 
such values is ambiguous, because corrosion 
consists of a contribution corresponding to 
overall material loss and a contribution 
corresponding to the development of a porous 
surface layer. Especially in case of 
non-uniform corrosion as observed in run 7, 
material damage rates based on weight loss 
have little significance. A better evalu^Jon 
of the corrosion rate is possible by 
metallographic examination, provided the 
original sample surface can be located in some 
way. A way to achieve this Is to protect part 
of the sr cimen with a corrosion resistant 
surface 1<yer and measure the extent of attack 
after th>.' test in the immediate vicinity of 
the layer. Vanadium was chosen as protective 
layer material. 

In order to evaluate the procedure and 
establish the required thi-.kness of the layer, 
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Fig . 2.3.3.3 : Metal lographic analysis of loop tubing a f t e r 3976 hours operation a t 450°C. Bars 
in the micrographs are 15 urn. Micrograph:, 1 , 12, 15 and 17 a f t e r l i th ium/water c leaning; 
micrographs 1 , 9 and 16 wi thout c leaning. 

ribbons o f vanadium wi th varying thicknssses 
(200 nm to 1.2 urn) were sputtered onto a 
polished AISI 316L s t e e l . The specimen was 
inserted in the hot leg of the LELI loop and 
exposed a t 500°C during 768 hours (run 8 ) . In 
th is campaign also no l i th ium r inse preceded 
the t e s t . In F ig . 2.3.3.4 a cross-sect ion of 
the sample near the edge of the 1.2 um th i ck 
vanadium layer i s shown a f te r exposure to 
Pb-17Li. As can be seen the vanadium layer 
withstood successfu l ly the Pb-17Li 

environment. Severe underetching of more than 
30 um \ J S observed. This phenomenon is 
somewhat s u r p r i s i n g , because i t r e f l ec t s a non 
iso t rop ic corrosion wi th a hor izonta l ra te 
about 7 times higher than normal to the 
specimen sur face. Although sone fu r t he r 
refinements of the procedure have to be 
performed, i t can be concluded that the method 
provides a v a l i d a l t e rna t i ve to weight change 
measurements fo r obtain ing corrosion ra te 
data. 

2.3.4 High-temperature resistance of ceramic 
mater ia ls 

P. Lemaitre, R. P i l l e r (AERE, Harwell) 

This work has been performed in the framework 
of the (EC St imulat ion Act ion in co l labora t ion 
wi th the Atomic Energy Research Establishment 
at Harwell (UK). 

A high pu r i t y alumina powder, produced from 
aluminium isopropylane as precursor ma te r i a l , 
was formed in to tes t bars. Subsequently the 
three-po in t bend strength was determined at 
room temperature and 1240°C for various s t ra i n 
ra tes . Stress-rupture tes ts were car r ied out 
at 1240°C and creep tes ts at 1100°C, 1200°C 
and 1300°C. 

Mean strength values and the corresponding 
Weibull moduli are l i s t e d in Table 2 . 3 . 4 . 1 . 



AISI 316L 

Fig. 2.3.3.4 : Cross-section of AISI 316L 
sample, partially protected by thin vanadium 
layer, after 768 hours exposure to flowing 
Pb-17!.i at 500°C. Top : unetched; bottom : 
after chemical etch. 

Table 2.3.4.1 : Me?.n three-point bend strength 
and corresponding Weibull moduli (W.M.) of 
alumina at room temperature and 1240°C. 

Cross-head 
speed 
(mm/mm) 

5 
0.5 

0.05 

JJ 

(MPa) 
RT 

489 + 48*1' 
478 + 54 
377 + 75 

W.M. 

11.2 
10.1 
5.7 

c 
(MPa) 
1240°C 

255 '• 26 
245 - 40 
259 + 42 

W.M. 

10.9 
7.1 
7.0 

(1) : + X : standard deviation 

The strength at 1240°C is about half the 
strength at room temperature. A strain rate 
dependence, an indication for slow crack 
growth, was only observed for the ambient 
temperrture tests. 

The results of the stress rupture tests are 
represented in Fig. 2.3.4.1. Failure origins 
in constant load tests are flaws nucleated and 

grown by creep mechanisms. The strengths 
measured in these tests were time-dependent 
and significantly lower than those found in 
dynamic tests. Both the size of the slow 
crack growth zone and the rupture time 
increase as the applied stress is lowered. 
For sufficiently high stresses failure is due 
to inherent flaws. 

Fig. 2.3.4.2 shows a typical optical 
micrograph of the fracture surface of a 
stress-rupture specimen tested at 150 MPa. 
The slow crack growth zone is clearly visible. 
Fig. 2.3.4.3 shows scanning electron 
microscope images of cracks, as observed on 
the tensile face of the same specimen. 

Creep experiments were done at 1100°C, 1200°C 

Fig. 2.3.4.1 : Stress rupture curve of alumina 
at 1240°C 

Fig. 2.3.4.2 : Fracture surface of alumina 
stress-rupture specimen, tested at 1?40'C at 
150 MPa 
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Fig. 2.3.4.3 : Cracks observed on the tensile face of an alumina stress-rupture specimen, tested 
at 1240°C and 150 MPa. 

and 1300°C for specimens stressed at 44 MPa. 
Fig. 2.3.4.4 shows strain curves determined at 
these temperatures. The creep rate curves are 
represented in Fig. 2.3.4.5. The influence of 
temperature is quite dramatic. Increasing the 
temperature from ilOOcC to 1200°C and from 
1200°C to 1300°C gives each time rise to an 
increase of the creep rate by one order of 
magnitude, i.e. from 10"8 1/s at 1100°C to 
10"6 1/s at 1300°C. 

At 1200°C a series of creep experiments were 
performed at different stresses : 20,44 and 65 
MPa. The strain curves for each of the 
applied stresses are shown in Fig. 2.3.4.6. 
The creep rate curves represented in Fig. 
2.3.4.7 show clearly that no steady-state 
creep was obtained at any of the stress 
levels. The creep rate is about one order of 
magnitude higher at 44 MPa than at 20 MPa, 
whereas no such increase is found when 
increasing the stress from 44 to 65 MPa. 

The fine-grained high-purity alumina appears 
to be very susceptible to plastic deformation 
by creep mechanisms. Calculations of creep 
rates making use of the Herring-Nabarro and 
Coble equations show aluminium ion diffusion 
in the grain boundaries to be the rate 
controlling mechanism at all temperatures and 

Table 2.3.4.2 : Experimental and theoretical 
creep rates at a = 44 MPa 

Temp 
(°c) 

1100 
1200 
1300 

1 
8 
6 

hour 

11 
61 
39 o

 o
 

o
 •8 

•8 
-7 

Creep r< 

10 hours 

3.89 10"9 

5.19 10"8 

i te 

50 

3. 
3. 

(1 /s) 

hours 

14 10 ' 9 

46 10"8 

Cal 

3 
3 
2 

cul 

07 
47 
86 

ated 

10"8 

i o - 7 

10"6 

stresses considered (5, 6). In Tables 2.3.4.2 
and 2.3.4.3 measured creep rates are compared 
to calculated steady-state creep rates making 
use of the Coble equation with alumiriutn grain 
boundary diffusion coefficients (6). 

Table 2.3.4.3 : Experimental and theoretical 
creep rates at T = 1200°C 

o(MPa 

20 
44 
65 

) 

5 
8 
2 

hour 

84 10"9 

61 10"8 

6 10"7 

Creep rate 

10 hours 5C 

3 10-9 

5.19 10 - 8 3 
7.95 10"8 

(1 /s) 

hours 

46 10 ' 8 

Cal 
la 

1.57 
3.47 
5.13 

: u -
ted 

10" 
10' 
10' 

•7 

•7 
-7 

Calculated steady-state creep rates are about 
10 times higher than the measured ones. Creep 
rates were calculated making use of the 
grain-boundary diffusion coefficient of 
aluminium in pure alumina. In our experiments 
400 ppm MgO was added to the alumina in order 
to promote sintering and simultaneously reduce 
grain growth. A possible explanation for the 
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Fig. 2.3.4.4 : Strain curves of fine-grained 
high-purity alumina loaded at 44 MPa 
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Fig. 2.3.4.5 : Creep rate versus time plots 
for fine-grained high-purity alumina loaded at 
44 MPa 
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Fig. 2.3.4.6 : Strain curves of fine-grained 
high-purity alumna tested at 1200°C 

Fig. 2.3.4.7 : Creep rate versus time plots 
for fine-grained high-purity alumina loaded at 
44 MPa 

observed discrepancy may be that, MgO would 
hinder grain boundary diffusion of aluminium 
ions. 

Grain size has a pronounced effec". on the 
calculated creep rate. The qr"ain size was 
seen to vary between 0.5 gm and 3 um (an 
average grain size of 1.7 was used in the 
calculations). However, if a grain size of 3 
gm would have been used, the calculated creep 
rates would have been much more in accordance 
with the experimental values. 

The present study does not confirm that grain 
boundary diffusion of aluminium ions would be 
the prévalant creep mechanism in fine-grained 
high-purity alumina under the considered test 
conditions, as claimed in literature (5, 6 ) . 

2.3.5 Fracture toughness of germanium 

P. lemaitre 

The purpose of this work, made on request of 
an industrial client, was to evaluate the 
potential of the Vickers indentation technique 
as a non-destructive means to examine the 
fracture toughness of germanium. 

Czochralski-grown single crystals were cut 
into slices, with the specimen surface 
parallel to the (111) crystallographic plane. 
Vickers indentations were made by means of a 
routine microhardness testing apparatus. All 
Vickers indentations were positioned in the 
same way so that the Vickers-induced radial 
cracks developed along the same set of planes 
perpendicular to the (111) plane. The 
fracture toughness was calculated from 
measured values of the indentation diagonals 
and radial crack lengths (c) using the 
relation developed by Anstis et al. (7). 

Table 2.3.5 : P/c ' and Kc for germanium as 
a function of the Vickers load 

Vickers 1 
P (g) 

20 
25 
30 
35 
40 

oad P / c 3 / 2 

(MNnT3/2) 

9.22 + 0.76 
7.96 + 1.74 
9.31 
9.38 + 1.28 
8.76 + 1.16 

K 
(MPam1/2) 

0.53 + 0.05 
0.49 + 0.07 
0.5fi 
0.56 + 0.07 
0.50 + 0.06 

n 

9 
5 
? 
7 
8 

+ X : standard deviation 
n : number of measured radial crack systems 

From Table 2.3.5 it is clear that P/c 3/2 and 
hence Kc is independent of the applied load 
within experimental scatter, indicating the 
absence of stresses prior to indentation, 
which is a necessary condition for the 
validity of the expression developed by Anstis 
et al. (7). 
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The Vickers indentation technique yields a 
fracture toughness of 0.53 MPa iri1/2 + 0.06 for 
monocrystal1ine germanium. The fracture 
toughness of germanium determined in this work 
is only 15 % lower than the value of C.6 MPa 

m ' determined from surface energy 
measurements (8). Given the relative 
inaccuracy of the Vickers technique this is a 
good result. The discrepancy between the 
fracture toughness measured with the Vickers 
technique and the value obtained by other 
methods is for example much higher for ceramic 
materials. 

?.3.6 Primary circuit surveillance for Belgian 
nuclear power plants 

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

Ir. the framework of the DOEL-3 pressure vessel 
surveillance programme, all material contained 
in one irradiation capsu.e has been fully 
analysed or tested, i.e. the temperature 
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. 

J_AEA_Coo£di_nated_research p_rogr_amme on 
|rradiat|on_ effect^ on_advan£ed 
p_ress_ure_vessel_ £teel_s 

In the framework of an "Electronucléaire-
CEN/SCK" agreement, CEN-SCK takes part in an 
IAEA coordinated research programme on the 
irradiation effects on advanced pressure 
vessel steels. General theme of the exercise 
is the optimization of the surveillance 
programme for reactor pressure vessels and the 
analysis of irradiation embrittlement. 
Furthermore, the programme will allow a 
quantitative interlaboratory comparison of 
test procedures and results. 

Pressure vessels are a vital part of each 
nuclei rp^ctor. In order to assess their 
safety, the irradiation-induced embrittlement 
of pressure vessel materials is monitored by 
the measurement of specific fracture mechanics 
properties. These measurements have to comply 
with a more general frame, including the 
understanding of the mechanisms responsible 
for the irradiation-induced damage, the trend 
curve of the fracture mechanics properties 
versus the neutron dose, the steel 
microstructure and composition, and the 
correlation between these different 
properties. 

In order to meet these objectives, reactor 
pressure vessel steel specimens will be 
irradiated at 288°C in test reactors and in 

power reactors. The specimens will be of 
u i t i c r c M v . l i r a <.:> a i iu i-nciii i «~d i L U I H ^ I ' Ü I ( . I U I Ü 

(base and weld materials) and will have a 
geometry suited for fracture mechanics 
property measurements under static and dynamic 
conditions. The sensitivity of the steels to 
temper embrittlement and the 
restoration ability of the properties will be 
studied. The microstructure of the steels and 
their evolution will be analysed. Finally, 
statistical methods will be used for the 
design of experiments, and for the 
exploitation of the results in or^er to 
minimize the uncertainty on the results and on 
the conclusions. 

In the programme the Belgian contribution aims 
at : 
* experience and development of : 
- irradiation techniques for reactor pressure 
vessel steels 

- fracture mechanics property measurement 
techniques 

- statistical and computational tools for the 
design of experiments and the processing of 
data 

* adequacy of the different types of specimens 
for the measurement of fracture 
mechanics properties 

* knowledge about advanced reactor pressure 
vessel steels 

2.3.7 Corrosion of container and 
infrastructure materials under clay repository 
conditions 

W. Debruyn, J. Dresselaers, H. Tas 

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

In the underground laboratory the data 
collection system has been adapted to include 
the in-situ electrochemical measurements (pH 
and Eh) selected to characterize the clay in 
the immediate vicinity of the material test 
tubes. The evolution of Eh, as measured 
versus a Ag/AgCl reference electrode, is given 
in Fig. 2.3.7.1 for the direct contact with 
clay test tube operated at ambient 
temperature. The values indicate stable 
reducing conditions, which means tdat the clay 
has completely recovered from the disturbance 
and oxygen intrusion associated with the 
drilling operation. This restoration of 
equilibrium formation conditions could already 
be observed after a period of one month after 
the drilling. 

During the initial heat-up period of the 
corrosion experiments in contact with a humid 
clay atmosphere, a high water penetration rate 
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In order to avoid flooding of the material 
coupons located inside the porous test tubes, 
a purging svstem has been developed, based on 
the application of a slight overpressure 
inside the tubes at regular time intervals. 
In Fig. 2.3.7.2 the system for humid clay 
atmosphere recovery and clay water recovery as 
developed for the four test tubes is shown. 
It can be noticed that one test device 
operates under oxidizing conditions (air as 
sweep gas) and the three other devices under 
inert conditions (helium sweep aas). 

Computer-controlled electrochemical equipment 
for laboratory corrosion measurements has been 
purchased, installed and tested. The 
technique will be used to determine the 
stability of the candidate overpack materials 
under the repository conditions, as monitored 
in the vicinity of the underground 
experimental material test devices. The 
laboratory experiments will also be performed 
under deviating conditions, which may occur 
under certain conceivable accidental 
circumstances. Heart of the equipment is a 
Princeton Applied Research type 273 
potentiostat. The potentiodynamic techniques 
selected are : linear polarization resistance, 
Tafel analysis, anodic polarization and cyclic 
polarization. Linear polarization combined 
with Tafel analysis can be used for corrosion 
rate evaluation of different materials in 

CUV PC* M» MOM 

Fig. 2.3.7.2 : Schematic view of humid clay atmosphere material test devices and the water and 
clay atmosphere extraction systems. 

Redo» measurements 

Fig. 2.3.7.1 : In-situ redox potential 
measurements of the clay in the immediate 
vicinity of an unheated material test tube 

across the porous stainless steel filters was 
noticed. The water flux in the clay/clay 
water system is directly proportional to the 
permeability of the fluid across the medium. 
The permeability increase due to the viscosity 
decrease of the clay water as a function of 
température can only partially account for the 
observed flux increase. Possible other 
mechanisms may be inferred from the evolution 
of the water flux with time, which will be 
monitored over the full period of the 
corrosion experiments. 
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argillaceous environments. Anodic polariza-
ttufi is suited fur de ter nn n i ny the passivation 
ability of the materials and cyclic 
polarization is a means to estimate the 
susceptibility for localized corrosion. 

2.3.8 A solid electrolyte based pH sensor 

F. De Schutter, H. Tas 

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

In a preliminary study (1) the feasibility of 
a pH sensor based on a 8-alumina solid 
electrolyte was explored. Exposures to 
different aggressive aqueous environments 
revealed that the stability of the conducting 
ceramic is a critical requirement for the 
development of such a sensor. From all 
materials tested, the mixed alkali, proton 
exchanged e/8" alumina, prepared by Nicholson 
(Canada) proved to be the most stable 
material. Therefore, the project was fccjssed 
on the production of 8/8" alumina according to 
this procedure. 

The different steps of the production scheme 
are shown in Fig. 2.3.8.1. In the first four 
steps the ceramic powder is produced. This 
powder is very homogeneous because the 
different components are mixed on a molecular 
scale by dissolving them in the form of 
mutually soluble salts (carbonates and 
sulfates). This solution is rapidly frozen by 
spraying into liquid nitrogen. The frozen 
mixture is then freeze dried in a commercial 
dryer. Finally, the white powder is calcined 
at 130CPC. The next three steps serve to form 
a dense proton conducting ceramic disc. The 
calcined powder is uniaxially pressed at a 
pressure of about 250 MPa and the obtained 
pellet is sintered, at a temperature of 
typically 1600°C during 10 minutes or less. 
Finally, the ceramic is subjected to several 
ion exchange processes in order to obtain the 
proton conducting version of B-alumina. 

In the production scheme as outlined in Fig. 
2.3.8.1, the main parameters which determine 
the quality of the final product are the 
concentration of the primary solution, the 
mean droplet diameter during the spray freeze 
process, the temperature and pressure during 
the freeze drying process, the compaction 
pressure, the temperature and time during 
calcination and sintering. Optimization of 
the process requires a systematic study of the 
effect of all these parameters. In a first 
series of experiments the spray freeze step 
was not included and the solution was frozen, 
either at -50°C or in liquid nitrogen. Freeze 
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Fig. 2.3.8.1 : Production scheme for the 
production of (Na, K) B/6"-alumina 

drying was performed at room temperature 
during three days. Finally, the powder was 
calcined, uniaxially pressed to a pellet at 
250 MPa and sintered at 1600°C. 

The morphology of the powder was controlled by 
scanning electron microscopy and typical 
results are shown in Fig. 2.3.8.2. The powder 
consists of thin shells with typical 
dimensions of 10 to 100 um. The origin of 
these shells can be understood from the 
morphology of some of the bigger agglomerates, 
as shown in Fig. 2.3.8.2.a. The agglomerates 
have an intrinsic porous structure consisting 
of a network of interconnected charnels. 
These channels are presumably formed as the 
ice sublimes during the freeze drying process. 
Closer examination of the walls (Fig. 
2.3.8.2.b) reveals that they consist of 
closely packed plates and needles. The powder 
particles thus appear to consist of submicron 
primary grains. During the processing of the 
powder, most of the fragile structure is 
broken, which leads to the observed shell 
structure. It should be noted that other 
investiaators have observed similar geometric 
characteristics for freeze dried/calcined 
ceramic powders. 

The powder is uniaxially compacted into 
pellets and sintered. The morphology of a 
broken pellet is shown in Fig. 2.3.8.2 c and 
d. The porous nature of the material, 
consisting of submicron needles and plates, 
should be noticed. This observation is 
confirmed by density measurements : a green 
density of 44.5 % of the theoreticjl density 
(3.27 g/cm3) and a sintered density of 46 % 
were obtained. Sintering was clearly 



45 

Fig. 2.3.8.2 : Morphology of freeze dried/calcinated B/B" alumina powder (a, 
pellet (c, d) 

b) and of a sintered 

inefficient and an increase of sintering time 
or temperature did not improve the pellet 
density. 

In a second series of experiments the freezp 
step was introduced in an effort to improve 
the sinterability of the powder. Primary aim 
of this additional process step is to produce 
spherical frozen droplets of different sizes 
which should enable a closer particle packing. 
The solution was pneumatically sprayed into 
liquid nitrogen and then freeze dried. The 
morphology of thp powder, before calcination, 
is illustrated in Fig. 2.3.8.3. The powder 
appears to consist of spheres with diameters 
ranging from 5 to 60 um. These dimensions are 
consistent with the droplet diameter data 
supplied by the manufacturer of the spray 
head. When the liquid is evacuated from the 
frozen spheres, they do not collapse, as would 

be the case in a spray dry'ng process, but 
keep their overall shape, leadinq to a spongy 
structure. 

Although a dense packing of the spheres as 
such was obviously easy to achieve, their 
inner porosity appeared to seriously affect 
the sinterabi1ity. It therefore was estimated 
that increasing the solution concentration 
might be advantageous. In order to establish 
the influence of this parameter, a reference 
solution, nearly saturated with respect to 
aluminium sulfate, and several more diluted 
solutions v.ere used in the process. The 
results are given in Table 2.3.8. Although 
the powder density seems to increase with the 
solute concentration, it does not. appear to 
have a major effect on the final density of 
the sintered pellets. 
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Table 2.3.8 : Densities of calcined ?/s" 
alumina, green and sintered pellets. 
Theoretical density of 6/P" alumina is 3270 
kg.cm3 

Fig. 2.3.8.3 : Morphology of spray-free-
zed/freeze dried alumina powder before 
calcination 

2.4 MATERIALS CHARACTERIZATION 

2.4.1 Scanning Auger electron spectroscopy 

J. Gedopt 

Elemental analyses on a microscopic scale to 
depths of a few atomic layers are performed 
wi th a scanning Auger e lect ron spectroscope 
(Varian automatic Auger inicroprobe 981-2850; 
e lect ron beam : 0.5 urr; maximum voltage : 10 
kV). This h igh - reso lu t i on microanalysis 
technique is used fo r the analysis of surface 
react ion laye rs , the i d e n t i f i c a t i o n of grain 
boundary reactions and the detect ion of l i g h t 
element concentrat ion gradients in m e t a l l i c , 
ceramic and g^ssy m a t e r i a l s . 

Concentration 

Reference solution 
(1/1) 

1/? dilution 
1/4 dilution 
1/8 dilution 

Powder 
dens ity 

(mg/cm3) 

126 

45.8 
17.? 
14 

* Theor. 
densi tv 
areen 
("-) 

39.6 

39.5 
36.2 
36 

% 
d 
c 

Theor. 
ensi t:v 
intered 

( ' • • ) 

49.1 

45 
41.7 
45.1 

H 2V«« i ' 43 JK'KH h i î * S I 58 SI£P l.'S 68 r'. 0»IU» 
LOCUTION t BE0F1 EHEPGf ^Qg tutitl 1? ?^9* TO '2 8Î91 

I t can be concluded that the proposed method, 
which has the advantage of producing a very 
f i n e grained powder, and which i s free c f a 
number of sources of contamination, needs 
fu r the r opt imizat ion wi th respect to the 
s in te rab i 1 i ty of the powder. 

!» leg <ae 
ILllltOH DOLT! iJftPÎHN A'JÎOH&TfO fc'JSEK KIe&OP*d0t 

Fig. 2.4.1.1 : Absolute energy distribution 
curve as obtained for stainless steel surface 
analysis 
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Auger e lec t ron spectroscopy (AES) is based on 
the detect ion of so-cal led Auger e lec t rons . 
When an atom is ionized by an impinging 
e l e c t r o n , the atom may decay to a lower energy 
s ta te by f i l l i n g up the missing electron from 
a lower level w i th an e lect ron from a higher 
l e v e l . The energy which is set free by t h i s 
rearrangement w i l l e jec t another e lectron from 
the higher level (cal led Auger e lec t ron) 
leaving the atom i n a double ionized s t a t e . 
The energy of the ejected Auger electron is 
cha rac te r i s t i c fo r the parent atom. 

When the surface o f a material is h i t by an 
e lec t ron beam the same process may occur and 
Auger e lectrons w i l l be ejected from the f i r s t 
atomic layers o f the target and give r ise to 
peaks in the secondary electron energy 
d i s t r i b u t i o n f u n c t i o n , as shown in F i g . 
2 . 4 . 1 . 1 . The energy and shape of these peaks 
can be used to i d e n t i f y the composition o f a 
sur face. Because the Auger peaks are small 
5 peaks superimposed on a rather large 
background, the d i f f e r e n t i a t e d energy 
d i s t r i b u t i o n curve i s o f ten used f o r 
i d e n t i f i c a t i o n purposes (F ig . 2 . 4 . 1 . 2 ) . 

A l l elements w i th an atomic number higher than 
He produce Auger peaks in the 0-2000 eV range 
and can be detected. The l i m i t of de tec t ion 
f o r the elements i s approximately 0.2 a t . %. 
Taking i n to account the r e l a t i v e elemental 
s e n s i t i v i t y fac to rs of Auger e lec t rons , 
quan t i t a t i ve analyses can be made. 

The dimensions of the area which is analysed 
can be adjusted between 0.2 um and 10 urn by 
vary ing the e lect ron beam energy and the focus 
cond i t i ons . In t h i s way i t is possible to 
perform equal ly well analyses of small 

100 : M 3 M 4*e 'M -o* ">:-•! JOÛ *-'J 
EUClVj" 'JOLTS , , , _ i'.-.n.rcr .n-.-e > 

f i g . 2 .4 .1 .2 : D i f fe ren t ia ted energy d i s t r i 
but ion curve f o r the same sample as shown in 
F i g . 2 .4 ,1 .1 

F ig . 2.4.1.3 : Auqer elemental mappinq of 
Pb-Li a l l o y . Top ' l i t h ium d i s t r i b u t i o n ; 
bottom : corresponding lead d i s t r i b u t i o n 

inclusions as general surface analyses. 
Scanning the beam over a surface is also 
poss ib le , which gives the p o s s i b i l i t y to 
produce elemental d i s t r i bu t i ons of d i f f e r e n t 
elements fo r a o b t a i n surface area, so-cal led 
elemental mapping \ F i g . 2 .4 .1 .3 ) . 
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Fig. 2.4.1.4 : Depth concentration pre-file as 
ottairH for an oxidized stainless steel 
surface 

Deptti profiling is another possible technique. 
A computer-controlled ion beam gun is used to 
sputter atoms away from the surface. The 
eroded surface can then be analysed again. 
Wher. sputtering and analysing are performed in 
a continuous fashion depth profiles can be 
recorded (Fig. 2.4.1.4). 

Compared to other surface analysing techniques 
such as SEM with EDX, EPMA and SIMS, SAES 
offers the following advantages : 
* small areas can be analysed (0.2 um 

diameter) 
* low analysing depth (1 or 2 atomic layers) 
* all elements, except H and He, can be 

detected 

2.4.2 Fracture mechanics 

Ph. Van Asbroeck, J.-I. Puzzolante, A. Hennen 

The instrumented mini-impact tester (Fig. 
2.4.2.1) has a maximum capacity of 50 J and is 
suited for : 
* Charpy specimens with V-notch according to 

ASTM standards 
* Mini Charpy specimens with V-notch, for 

steels, according to DIN-standards 
* composites and plastic specimens according 

to DIN standards (4 x 6 x 60 mm, with or 
without notch) 

13 • 
Fit) 1 
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-i.5 j 
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[WO 

» J 
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F ig . 2.4.2.2 : Load-versus-time diagrams as 
reg is tered dur inq impact tes t ing of p l a s t i c 
mater ia l s 

graduated scales and are in agreement wi th 
ASTM and DIN standards. 

The device is equipped wi th a precis ion hammer 
height control fo r low blow tes t ing and 
several scales graduated in Joules and 
graduated in degrees. Several hammers are 
ava i lab le : 7.5 J , 15 J , 25 J and 50 J , w i th 
d i f f e r e n t s e n s i b i l i t i e s (95 daN and 955 daN) 
f o r the instrumented hammers of 15 J and 25 J . 
Total f r i c t i o n and windage losses of the 
machine are d i r e c t l y compensated on the 

The inst rumentat ion of the impact machine 
includes a load sensor (max 19 kN), a 
photoe lec t r i c c e l l f o r ve loc i t y measurements 
and a computer-control led signal d isp lay 
component. The informat ion i s generated as 
load-versus-t ime diagrams as depicted in F ig . 
2 .4 .2 .2 . I t is possible to compute 
l oad -ve rsus -s t r a i n , s t ra in-versus- t ime and 
energy-versus-t ime diagrams. In t h i s way more 
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information can be gained from a single experi
ment, i.e. the onset of general yield and the 
initiation a M p̂ cf of urstabl» rr?.rV ^rnUrb. 

Fig. 2.4.2.1 : Instrumented mini-impact tester 
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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 

The use of a ceramic lithium compound is one 
of the three options taken by the European 
Fusion programme in order to provide the 
necessary technology for the Next European 
Torus project. The two other options are the 
liquid metal breeders (Li-Pb alloys) and the 
water soluble breeders (ASCB). 
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 
reactors. 

3.2.1 Thermal stability of lithium 
metasilicate pellets 

Thermal stability tests have been performed 
under ambient air at temperatures ranging from 
500°C to 925°C on 14 mm diameter pellets, 
fabricated according to our reference process 
[1,2]. Eighty % T.D. lithium metasilicate 
pellets with or without traces of disilicate 
have been treated during 16 weeks at 500°C and 
700°C respectively. Under these conditions, 
the pellets are perfectly stable as no 
dimensional nor structural changes have been 
evidenced. Additional tests have been carried 
out at higher temperatures on sintered or 
recrystallized pellets. 

3.2.1.1 Weight change 

- Effect of the type of the secondary phase on 
the weight change 

Some weight changes have been evidenced on 
pellets treated for 30 days at 750°C and 
above. These are generally negligible for 
pellets containing some lithium disilicate 
but appear to be much higher for pellets with 
orthosilicate. Moreover, the weight loss 
increases with increasing orthosilicate 
content in the range of 0.1 % to 1 % 
orthosilicate (Fig. 3.2.1.1.a). 

- Effect of the porosity on the weight change 

Medium-density pellets, sintered around 850°C 
and having essentially an open porosity, show 
a maximum weight loss : after 30 days at 
800°C, pellets with 1 % orthosilicate loose 
1 % of their weight and pellets with 8 % 
disilicate 0.02 % only. The weight loss 
results from the decomposition and 
volatilization of residual lithium carbonate 
or/and of lithium carbonate formed during 

'diet exposure to the air. 
igh-der.sity pellets with exclusively closed 

(orosity show a very limited weight loss even 
w.ien containing lithium orthosilicate. Such 
pellets loose about C O S % of their original 
weight after a 30-day treatment at 800°C. The 
weight loss of pellets with disilicate is as 
low as 0.005 % after a 30-day treatment 
between 750°C and 925°C. 

Fig. 3.2.1.1.a Influence of the stoichiometry 
deviation on the weight change of pellets 
incompletely sintered during 5 h at 825r'C and 
treated at 750°C under ambient air. 

». l..,s.,(S 
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Fig. 3.2.1.1.b Weight charge in recrystallized 
pellets, treated at 750°C under ambient air 

Recrystallized pellets with open porosity are 
also very stable when they contain disili
cate : a weight change from 0.001 % to 0.009 % 
is measured after 30 days at 900*0 or 925"C. 
In recrystallized pellets containing 0.4%-
0.8Ï orthosilicate the weight loss amounts to 
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0.3% to 0.41 a f t e r 30 days at 900°C or 925°C. 
Fig. 3 .2 .1 .1 .b shows the weight changes in 
rec rys ta i i i zec i p e l l e t s at 75D"C. 

3.2.1.2 Diameter change 

Pel le ts s in tered for 5 h below 850°C are not 
thermal ly s tab le at 750°C : 14 mm diameter 
pe l le ts show a diameter shrinkage o f 200-300 
um when conta in ing d i s i l i c a t e ( F i g . 3 .2 .1 .2 .a ) 
and of 20-50 ym when containing o r t h o s i l i c a t e 
(F ig . 3 . 2 . 1 . 2 . b ) . 

• lntacLtiK condition* 

2d HI 40 M> * C 70 K> « iàya 

Fig. 3.2.1.2.a Influence of the sintering 
conditions of lithium metasilicate pellets 
containing some disilicate on their 
dimensional stability under air at 750°C 

Fig. 3.2.1.2.b Influence of the sintering 
conditions of lithium metasilicate pellets 
containing some orthosilicate on their 
dimensional stability under air at 750°C 

This difference is a consequence of the low 
sintering speed of the disilicate containing 
lithium metasilicate pellets. Pellets 
containing orthosilicate are dimensionally 
more stable but nevertheless, no sintered 
pellets are stable at 800°C whatever their 
composition may be. 
On the contrary, recrystallized pellets are 
more stable when they contain disilicate 
instead of orthosilicate : the former show a 

diameter shrinkage of only 5 to 20 urn after 30 
days at 900°C or 925°C whereas the latter 
swell from 10 to iûû urn. 

3.2.1.3 Density change 

As a rule, the density change at 750°C is less 
pronounced for sintered pellets containing 
orthosilicate than for pellets with 
disilicate. For the disilicate containing 
pellets, a maximum increase of 1.5 % is 
obtained after 90 days at 750CC. A negligible 
density change is noted for pellets sintered 
at 930°C i.e. just below the recrystallization 
temperature. Pellets with orthosilicate show a 
density decrease from 0.4 % to 0.6 %. For 
recrystallized products, the density changes 
are less marked for pellets containing 
disilicate instead of orthosilicate. 
The density changes, observed after 30 days in 
a temperature range from 750°C to 925°C, vary 
from 0.2 % to 0.8 % in pellets with 
disilicate. Pellets with orthosilicate show a 
density change of 2 to 4 % after 30 days at 
900°C or 92S°C. 

3.2.1.4 Composition change 

The phase composition of some pellets was 
controlled by X-ray diffraction before and 
after the stability test at 750°C or above. 
No profound change is observed but the results 
tend to demonstrate that some lithium is lost 
during the long-duration stability tests. Most 
of the stoichiometric and overstolchiometric 
pellets contain, after thermal treatment, no 
or less lithium carbonate than before the 
test. The lithium orthosilicate content seems 
to decrease. In some cases this phase even 
disappears. The observed changes, however, 
are often near the detection limit of the 
method. In some cases, samples containing 
initially traces of orthosilicate may reveal 
traces of disilicate after the test. Up to 
now, it has not been possible to detect 
whether or not the stability tests affect the 
disilicate content in understoichiometric 
samples. No significant composition 
differences could be seen between pellets 
treated 20 days at 750°C and others maintained 
30 days at 925°C. 

3.2 .1 .5 Poros i ty change 

The open pore fraction has been measured by 
mercury porosimetry on sintered pellets and 
after a thermal treatment of 90 days at 750°C. 
As a rule, no significant change has been 
detected in pellets sintered in proper condi
tions. This is valid for stoichiometric 
pellets as well as for pellets containing some 
lithium disilicate or orthosilicate. It is 
worthwhile to note that pellets with no or 
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almost no open porosity show another porosity 
pattern after 30 days at 800CC or 90 days at 
750°C : this suggests a beginning recrystal-
lization at a much lower :empenture than 
expected after a short-term sintering. On the 
other hand, the mean pore diameter increases 
after a 90-day treatment at 750°C. This change 
depends on the pellet conditions : the mean 
pore size may increase by 80 to 100 % when un
stable pellets or pellets with beginning re-
crystallization are involved. This increase 
also depends on the type and concentration of 
the secondary phase : the smallest changes are 
indeed observed for disilicate containing pel
lets. For pellets with orthosilicate the mean 
pore size is found to decrease with increasing 
orthosilicate content. Moreover, recrystal-
lized pellets were submitted to long thermal 
treatments up to 950°C. The total porosity 
being small in high-density pellets, a little 
change in absolute value strongly affects the 
percentage of open porosity and makes 
interpretation of the results difficult. The 
results do not allow to conclude that thermal 
treatments between 850°C and 950°C change the 
fraction of open porosity in pellets 
recrystailized between 950°C and 1030°C. The 
mean pore size is well affected by such 
thermal treatments. It increases with increas
ing treatment temperature and orthosilicate 
content and with decreasing sintering tempera
ture. 

3.2.l.b Grain size 

No grain growth is observed on sintered pel
lets treated for 90 days at 750°C. This 
result is independent of the sintered grain 
size, phase composition and sintering tempera
ture. A grain growth of about 30 * is esta
blished on fine grained pellets (1.4 urn), 
heated at 800°C during 30 days and on coarse 
grained pellets (10 urn), treated at 8 5 0 T 
during the same time. Metasilicate pellets 
containing some orthosilicate have also been 
tested between 900°C and 950°C. Fine grain 
pellets exhibit grains being 5 to 10 times 
larger than the original ones (from 1.4 urn to 
10-15 um) after a 30-day treatment at 900°C or 
925°L. Recrystallized pellets with equiaxed 
grains ranging from 9 to 12 urn also show, un
der these conditions, a marked though smaller 
grain growth : after 30 days at 900°C, the 
grain growth is about 35-40 % in pellets con
taining traces of orthosilicate and 100-150 % 
in pellets with a higher orthosilicate con
tent. These values become respectively 160 % 
and 210 % after 30 days at 950°C. The elongat
ed crystals formed during recrystallization 
grow too when maintained at a high tempera
ture. As they are different in size, their 
growth could not be quantified. 

3.2.1.7 Conclusions 

Three-month stability tests up to 70O°C show 
no dimensional nor structural changes in 
properly sintered or recrystallized pellets. 
Consequently, this temperature can be 
considered as the upper nominal operating 
temperature for a lithium metasilicate 
blanket, though short temperature excursions 
up to 750°C and possibly up to 800°C are not 
expected to change the general material 
characteristics. The secondary phase affects 
the pellet stability at a higher temperature. 
Though the choice of the best secondary phase 
depends on other parameters and will probably 
result from irradiation experiments it can 
already be stated that a nominal two-phase 
composition should be preferred to the 
stoichiometric lithium metasilicate. Such a 
nominal deviation from the stoichiometry 
guarantees indeed that, taking into account 
the necessary fabrication tolerances, all the 
pellets contain the selected secondary phase 
and not the other one. These experiments 
should be completed by long-duration tests 
under He-0.1 % F^, this reducing gas being 
used as sweeping gas in order to improve 
tritium release during irradiation and to 
avoid the reaction of lithium orthosilicate by 
carbon dioxide. 

3.2.2 Fat,'- ication investigation of lithium 
metazirconatt 

A second interesting candidate ceramic breeder 
material is lithium metazirconate. According 
to U.S. results, this material has shown 
excellent irradiation performanc.^ and is now 
receiving more attention thar before in 
laboratory studies and purge flow irradiation 
experiments. Lithium metazirconate batches 
have been prepared by intimately mixing 
zirconia powder and lithium carbonate under 
water, spray-drying the suspension and 
calcining the resulting powder in air. The 
calcined products being sensitive to water 
vapour and carbon dioxide are stored and 
pressed in a qlove-box under dry nitrogen 
(Fig. 3.2.2.b). ' 

In order to avoid this drawback, dried powders 
have been pelletized and the qreer\ pellets 
have been calcined and sintered in a single 
treatment in a dilatometer. As illustrated in 
Fig. 3.2.2.a no shrinkage is established 
during calcination, even not when exception
ally long treatments are involved. The 
formation of lithium metazirconate being ac
companied by a 27 % weight loss, the calcined 
density is much lower than the green density. 
This density drop cannot be recuperated during 
sintering and explains why reaction sintering 
leads to ^ery low final densities. Reaction 
sintering is therefore attractive for making 



Fig. 3.2.2.a Dilatometric curves illustrating 
sintering and reaction sintering 

Fig. 3.2.2.b Hydraulic press in a glove-box 
under nitrogen 

pellets with densities ranging from 50 to 65 % 
T.O. but can absolutely not replace the usual 
process. A dilatometric curve corresponding to 
the usual process is also plotted on Fig. 
3.2.2.a. The curves show that the sintering 
causes a similar shrinkage in b^th cases. 
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The relationship between final density and 
sintering temperature depend; on the calcina
tion conditions and zirconia characteristics. 
Final densities exceeding 90 % T.D. are diffi
cult to attain and require a proper choice of 
raw materials and working parameters. 

3.2.3 Characteristics of lithium metazirconate 

- Chemical purity 

Lithium metazirconate easily adsorbs water 
from the atmosphere and has therefore to be 
stored under dry conditions. The water content 
in the final pellets increases with decreasing 
density. The present preparation conditions 
give a slight contamination by aluminium, 
silicon and calcium. These impurities, though 
not disturbing, can be eliminated by using 
zirconia instead of alumina milling tools. The 
existing alumina balls contain 5 % Si and 1 % 
Ca. The fluorine and chlorine contamination in 
sintered pellets is less than usually 
specified in nuclear fuels even when starting 
from zirconia powders containing 2 % of 
chlorine. The elimination of chlorine starts 
around 800°C i.e. above the calcination 
temperature. 

- Stoichiometry 

The fabrication route investigated leads to 
the formation of lithium metazirconate but 
does not allow to synthetize lithium-richer 
zirconates. Any deviation from stoichiometry 
gives therefore, apart from lithium 
metazirconate, either unreacted zirconia or 
products resulting from the decomposition of 
lithium carbonate. The batch composition is 
routinely determined by X-ray diffractometry. 
This control technique is also attractive for 
verifying the reaction yield after 
calcination. For sensitivity reasons, the 
percentage of unreacted zirconia is evaluated 
instead of the residual lithium carbonate. 

- Specific surface area 

The specific surface area of calcined lithium 
metazirconate powder is related to that of the 
zirconia powders. It also varies, to a certain 
extent, with the calcination conditions. 
According to various experiments performed 
with different zirconia materials, the 
specific surface area ranges from 7 m2/g to 
12 m2/g after calcination and from 12 m2/g to 
35 m V g after drying. The specific surface 
area, the open pore distribution (mercury 
porosimetry) and the gas flow properties on 
sintered pellets have also been measured 
because these characteristics are thought to 
be important for in-pi le tritium release. 
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3.2.4 I r r a d i a t i o n s 

G. Verstappen, A . J . F l i p o t , E. Brauns 

3 .2 .4 .1 EXOTIC i r r a d i a t i o n s 

SL-Spr ing f i e lds , CEN/SCK-Mol, ECN-Petten and 

JRC-Petten cooperate in a j o i n t p ro jec t to 
perform i r r a d i a t i o n s in the HFR reac tor . They 
are named EXOTIC (Ex t rac t i on of T r i t i um In 
Ceramics). 
Table 3.2.4.1.a : Capsules to be irradiated in 

EXOTIC-4 

Capsule No. 

Position 

Composition 

Density 

(X T.D.) 

X 6Li 

Irr.temp.°C 

13.1 

upper 

Li2Si03 

81 

7.5 

575 

14.1 

upper 

86 

0.54 

400 

13.2 

lower 

Li2S103 

95.5 

0.54 

600 

14.2 

lower 

Li,Zr03 

86 

0.54 

600 

The p e l l e t s of the f ou r th EXOTIC experiment 
have been prepared, t ranspor ted to ECN 
(Pet ten) and loaded in to four vented capsules 
in October 1987. The i r r a d i a t i o n w i l l s t a r t in 
February 1988 and w i l l l as t four reactor 
cyc les . Table 3 .2 .4 .1 .a shows the loading 
scheme and the ta rge t i r r a d i a t i o n temperatures 
of the CEN/SCK p e l l e t s . 
Capsule No. 13.1 i s loaded w i th pe l l e t s 
i d e n t i c a l to those i n capsules No. 01.1 and 
02.1 of the EXOTIC-1 experiment, i r r a d i a t e d 
dur ing 25 f u l l power days (FPD) at 395°C and 
505°C respec t i ve l y . The l a t t e r pe l l e t s 
es tab l ished a p a r t i a l to complete transforma
t i o n of t h e i r c r y s t a l l i n e s t ruc tu re into an 
amorphous one [ 3 ] , the degree of v i t r i f i c a t i o n 
increasing w i th decreasing gra in s i z e . Capsule 
No. 13.1 should ind ica te whether or not 
v i t r i f i c a t i o n occurs a t higher temperature. 
Capsule No. 13.2 contains r e c r y s t a l l i z e d 
l i t h i u m metas i l i ca te pe l l e t s used in the 
EXOTIC-2 experiment, i r r a d i a t e d dur ing 50 FPD 
at 575T and 630°C respec t i ve l y . These 
coarse-grained p e l l e t s were not amorphous 
a f t e r i r r a d i a t i o n but they showed l a t t i c e 
d i s t o r t i o n . This phenomenon appeared to be i n 
dependent o f p e l l e t composition and i r r a d i a 
t i o n temperature. Capsule No. 13.2 contains 
f resh p e l l e t s as wel l as already i r r a d i a t e d 
EXOTIC-2 pe l l e t s in order to inves t iga te the 
poss ib le e f f e c t o f the t o t a l i r r a d i a t i o n time 
on rad ia t i on damage. 

Capsules No. 14.1 and 14.2 contain i den t i ca l 
l i t h i u m metazirconate pe l l e t s in order to 

evaluate the e f f e c t of the i r r a d i a t i o n 
température on the general i n - p i l e behaviour 
and t r i t i u m re lease. This is the f i r s t EXOTIC 
r i g w i th CEN/SCK l i t h i u m metaz i rconate. Four 
other capsules are loaded w i th l i t h i u m ox id^ 
and l i t h i u m z i rconates suppl ied by the 
Spr ing f ie lds l abo ra to r i es . 

A l l the pe l le ts have been f u l l y charac te r i zed . 
Some o f t h e i r c h a r a c t e r i s t i c s are summarized 
in Table 3 .2 .4 .1 .b . 

Table 3 .2 .4 .1 .b Charac te r i s t i cs of the 
EXOTIC-4 pe l l e t s 

Capsule 

No. 

13.1 

13.2 

14.1 + 

14.2 

Material 

Li2Si03 

Li2Si03 

Li2Si03 

Li2Zr03 

Mean 

density 

% T.D. 

81 

Grain 
size 

pm 

0.5 

1 

2-3 

5-6 

95.5 9-11 

11-12 

11 

11-12 

irrad.at 630°C 

" 425°C 

" " 575°C 

86 1 

)pen porosity 

% Tot. 

89 

87 

99 

96 

Mean 
0,um 

0.24 

0.30 

0.34 

0.13 

88 0.06 

87 0.11 

91 0.07 

94 0.08 

-see EXOTIC-2 
Il II 

II II 

100 0.14 

3.2.4.2 HF-PIF2 

Seven lithium metasilicate batches have been 

prepared from 4 different silicon dioxide 

powders in order to investigate whether or not 

this parameter influences the change in 

crystallinity during irradiation. Pellets have 

been produced with different grain sizes, 

containing natural lithium and having a 

diameter of about 5 mm. All pellets are ready 

for transportation to ECN (Petten) but not yet 

fully characterized. They will be irradiated 

in February 1988 in the HFR reactor. 

3.2.5 Post-irradiation examination 

P. Diels, F. Luyckx 

- Tritium release 

As already communicated [4], the EX0TIC-3 

irradiation has demonstrated that the tritium 

release rate is strongly affected by the 

temperature. When the temperature of capsules 

10.1 and 10.2 was suddenly raised from about 

620°C to 700°C, the corresponding tritium 
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release rate increased very sharply. 
Inversely, a sudden temperature decrease from 
700°C to 610CC and then to about 460°C 
resulted in a sharp decrease of the tritium 
release rate. The final adjustment to the 
steady-state temperature of 620°C caused again 
a large peak of the tritium release rate which 
after several days reached the initial steady 
state value. The fractional tritium release, 
calculated in steady-state conditions, shows 
that tritium release is almost complete at 
600°C in disilicate containing pellets. The 
connected capsules 9.1/9.2 and 10.1/10.2 give 
similar results thougn the pellets of capsule 
10.2 have a higher density and a smaller mean 
pore size than the pellets in the other three 
capsules. Table 3.2.5.a summarizes the pellet 
characteristics and irradiation data of the 
EXOTIC-1, -2 and -3 experiments. The data 
concerning tritium release in EXOTIC-1 and -2 
differ significantly from preliminary reported 
values [5]. This is the result of a more 
detailed evaluation of the irradiation data 
taking into account burn-up effect and in 
particular the results of the dosimetry for 
EXOTIC-1 and -2. These results show that 
tritium release is strongly related to the 
irradiation temperature but is also influenced 
by the pellet density for low temperature 
irradiations. At present, the rôle of fabrica
tion parameters such as grain size and pore 
diameter on tritium release could not be 
cleared by in-situ measurements because many 
capsules contain pellets of different charac

teristics in order to compensate for the very 
limited number of available irradiation 
capsules. Such an answer should be given by 
determining separately the quantity of 
retained tritium in each pellet batch. An 
improved extraction method is being developed 
in the LHMA department. The first results are 
very encouraging. Tritium release measurements 
performed at Petten [4] on other materials 
sintered to a density of 75-80 % T.O. by other 
laboratories indicate that lithium y-aluminate 
exhibits about 100 % tritium release above 
440°C, being immediately followed by lithium 
metasilicate (85-90 % release). The comparat
ive results are given in Table 3.2.5.b, sum
marizing all the EXOTIC-1, -2 and -3 resul es 
published in [4]. 

Table 3.2.5.b Tritium release from different 
materials 

Material 
75-80 % T.D. 

LiA102 

Li2Si03 

Li20 
Li2Zr03 

Temperature 
for 95-100% 
t release 

440°C 
550°C 
600°C 
650°C 

% t release 
at about 
450°C 

100 
85-90 
75 
75 

With respect to tritium release, lithium 
aluminate and lithium metasilicate seem 

Table 3.2.5.a Material and irradiation data of Li'2Si03 irradiated in EXOTIC-1, -2 and -3 [4]. 

Material 

Capsule No. 

Material data 
% 6Li-content 
« Li4Si04 

% L i 2 S i 2 0 5 

Density (% T.D.) 
% open porosity 
Grain size (urn) 
Pore diameter(um) 
Irradiation data 
Temperature (°C) 
Time (d) 
Burn-up (* total Li) 
Tritium production : 
- GBq 
- GBq/g 
- MBq/min 

Tritium release : 
- MBq/min 
- % 

1.1 

7.5 
-
-

81.4 
16.1 

0.5-5 
0.13-0.34 

395 
25 

0.27 

2190 
62.9 
60.9 

51.8 
85 

2.1 

7.5 
-
-

81.4 
16.1 

0.5-5 
0.13-0.34 

505 
25 

0.28 

2331 
67.0 
64.7 

57.3 
89 

5.1 

0.54 
traces 

-
95.2 
4 
12 

0.13 

630 
50 

0.09 

792 
19.4 
11.0 

14 
64 

L 

5.2 

0.54 
0.3 
-

95.4 
3.2 
11 

0.07 

575 
50 

0.10 

840 
20.3 
11.7 

.4* 

i2Si03 

6.1 

0.54 
0.3 
-

95.4 
3.2 
11 
0.07 

425 
50 

0.09 

825 
19.9 
11.4 

5.6 
49 

9.1 

0.54 
0.2 
-

76.6 
23 
0.3 
0.12 

600 
75 

0.12 

873 
26.9 
8.1 

9.2 

0.54 
-
5.6 
75.7 
24 
0.5 
0.13 

630 
75 

0.13 

925 
29.1 
8.5 

16.1* 
97 

10.1 

0.54 
-
-

76.6 
23 
0.3 
0.11 

620 
75 

0.13 

903 
27.8 
8.4 

10.2 

0.54 
-

6.6 
87.4 
10.5 

0.5-4 
O.02 

600 
75 

0.14 

1110 
30.1 
10.3 

18.2* 
98 

The purge gas lines of the upper and lower capsules were connected. 
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therefore to be attactive breeder materials 
for blankets operating at a low temperature. 

- Linear thermal expansion 

Dilatometric experiments have been performed 
under aroon on sintered as well as on irrad
iated L A J C I C - I and -2 pellets, using the same 
equipment and test conditions.The results 
plotted in Fig. 3.2.5.a show that thermal 
linear expansion of unirradiated pellets is 
lower for recrystallized pellets containing 
some traces of orthosilicate than for sintered 
ctoichiometric lithium metasilicate pellets. 
In both cases, linear expansion is lower after 
irradiation. The change is negligible on 
recrystallized pellets irradiated for two 
cycles of the HFR reactor. It is twice as high 
but still low in the pellets which were 
vitrified after being irradiated during one 
cycle in the HFR reactor. 

thermal «pansion ( t ) 

1 ' ' [ ' ' unirradiated 

O 20O 400 «K no 
• C 

Fig. 3.2.5.a Thermal linear expansion of fresh 
and irradiated pellets 

- EXOTIC-3 

All four transport capsules have been 
unloaded. After visual inspection the 
irradiated pellets have been sampled and 
distributed for P.I.E. Pellet characterization 
by ceraiiography, scanning electron microscopy, 
mercury porosimetry and XRD analysis have h.sen 
finished. The results &re being interpreted. 
The determination of retained tritium has been 
postponed : the results of test measurements 
with the high vacuum extraction equipment, 
which has been adapted recently, are awaited. 

3.3 ENGINEERING CERAMICS 

3.3.1 Injection moulding 

A. Smolders 

proprietary work performed under contract 
with industry 

Injection moulding of silicon nitride is being 
studied in order to develop an improved binder 
formulation and to evaluate the effect of 
numerous working parameters on the quality of 
the components. As mentioned in the previous 
report [6], injection moulding of silicon 
nitride test beans without significant defects 
is possible with the exception of typical 
flaws in a specific region of the beams. It 
was thought that the flaws could be avoided by 
a better control of the preparation steps 
preceeding injection moulding. As an important 
number of production parameters are involved, 
many experiments would have been necessary. 
Therefore, a group of experiments was set up 
by our clien* according to the "Partial 
Factorial Design". In such a design the number 
of experiments is drastically lowered but only 
main effects can be detected. Interaction of 
parameters cannot be investigated. In the same 
set of experiments, besides mixture 
preparation conditions, some selected 
injection moulding conditions have also been 
investigated with respect to flaw formation. 
From this study, completed with some 
additional experiments, it could be concluded 
that one particular fabrication parameter is 
responsible for the flaws. When the conditions 
for this parameter are well chosen, test beams 
without any macrosr.opic imperfection can be 
made. 

Besides giving information on flaw formation 
the set of experiments demonstrated also that 
the rheological behaviour of a mixture can 
seriously be harmed by another fabrication 
parameter. This could be demonstrated by means 
of a spiral flow test tool which has been 
purchased (Fig. 3.3.1). 

F1g. 3.3.1 Spiral flow test tool 

In this tool the material is injected under 
standard conditions. The spiral flow distance 
is measured by the distance the material 
travels along the spiral channel of the die. 
The greater the distance the better the 
injection mouldability of the material. 
As a conclusion, it can be stated that for a 
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particular silicon nitride powder, fabrication 
conditions arc now so fir under control that 
simple objects as test beams can be fabricated 
without significant defects. 

3.3.2 Pressureless sintering of silicon 
nitride 

R. Gilissen, J. Sleurs 

The problems related to the scaling up of the 
powder bed technique for sintering SiiN^ have 
been reported previously. A mathematical model 
has been developed to predict temperature 
profiles in the pcwder bed. The upper part of 
Fig. 3.3.2 illustrates the good agreement 
between model prediction and experimental 
results for the centre of a cylindrical 
crucible (0 = h = 200 mm). The lower part of 
Fig. 3.3.2 shows calculated temperature 
profiles through the crucible during the 
progression of a sintering cycle. 
It is a general laboratory practice to use BN 
crucibles to cortain the pcwder bed. It has 
been shown that the very expensive BN 
crucible; can be successfully replaced by 
high-densuy Si^N^ crucibles fabricated in our 
laboratory. ror large components suitable 
trays in BN or Si'3N4 are commercially not 
available. The interaction between other high-
temperature crucible material and the powder 
bed blend, on the one hand, and the influence 
of the crucible material on the sintered 
quality of SijN^ samples, on the other hand, 
have been evaluated. Acceptable crucible 
materials have been found. 

3.3.3 Gas-pressure sintering 

R. Gilissen 

The tendency of SijN^ to decompose at the 
sintering temperature can be counteracted by 
surrounding the compounds by a powder bed (see 
§ 3.3.2) or by the application of high 
nitrogen pressures (10-100 bar). The 
possibilities of this technique have been 
explored. Although SioN̂ j is thermodynamically 
stable under high nitrogen pressures the 
liquid sintering aids can still evaporate from 
the compact. This can create concentration 
profiles of the sintering aids through the 
compact, which can result in different 
sintering behaviour in different parts of the 
body. It has been studied whether under 
nitrogen pressure, a powder bed can be omitted 
or remains necessary in order to suppress the 
evaporation of the sintering aids. Experiments 
in the 2000°C-100 bar autoclave and with the 
high temperature-high pressure dilatometer 

proprietary work performed under contract 
with industry 
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Fig. 3 3.2 Mathematical modelling of 
temperature distribution through a powder bed 

gave more insight in the mechanisms of gas 
pressure sintering. 

3.3.4 Reaction bonded silicon nitride 

R. Gilissen 

The scaling up of the reaction sintering 
process to large compounds and large furnace 
loads necessitates powde- conditioning of 
large quantities of si l icon powder.This is 
beyond the present capacity of our laboratory. 
Such pre-conditioned powders have been ordered 
at an industrial powder manufacturer. Delivery 
is much overdue because of d i f f i cu l t i es 
encountered by the manufacturer to granulate 
the powder and to dry the powder-binder 
mixture. Samples of di f ferent compositions 
have recently been delivered and are evaluated 
with regard to pressing and nicridation 
behaviour. 
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3.3.5 Extrusion 

J . Sieurs 

Most work on extrus ion has been made for 
solving the problem of producing long SiC 
tubes. A length of one meter can be considered 
as a maximum because of the t ake -o f f conveyor. 
I f drying cracks are observed, they develop in 
an early s ta„e of the dry"" ' ) . They r esu l t 
probably from forces createu by shrinkage 
gradients. During dry ing under atmospheric 
pressure about 10* of the total water content 
evaporates in the f i r s t hour. After two hours 
about 18% of the water is e l im ina ted . A f te r 
24 h, almost no water i s l e f t . Nevertheless, 
slower drying schedules are necessary to avoid 
f issuration of th*. tubes. 

A dewaxing furnace, having a useful length of 
900 mm, is being made operational. 
Meanwhile, in order to evaluate dewaxing and 
sintering behaviour a long tube was cut i n to 
pieces of 180 mm length. After dewaxing and 
sintering a density of 3.13 was reached and at 
f i r s t sight no f l a t t e n i n g occurred. 
Measurement revealed a mean outer diameter o f 
23.9 + 0.2 mm (irax. variation : 0.6 mm) and a 

mean inner diameter o f 18.2 + 0.2 (max. var -
i a t i o n :0.6mm) These tubes were diamond cut to 
pieces of 40 mm length ; some of them w i l l be 
corrosion tes ted . 
The development of ext rus ion of Si0N4 has a lso 
been s t a r t e d . An optimum powder mixture i s 
being searched for by varying the amounts of 
water , water soluble resin and by admixing 
small amounts of sur fac tants . The s i n t e r i n g 
a d d i t i v e s , Y2O3 and Al2^3» a r p added together 
wi th the organic b inder to f ine grained Si-jN^, 
and i n t ima te l y mixed i n a b a l l - m i l l . A p l a s t i c 
mass su i tab le for ext rus ion was obtained by 
adding wa te r , w i th a small amount of 
s u r f a c t a n t , to the powder-binder mix and by 
thoroughly working in a Z-kneader. I n i t i a l l y 
some of the problems encountered w i th SiC 
ext rus ion showed up again : excessive 
swe l l i ng , s t i c k i n g of the p las t i c mass to the 
tool surfaces and the development of cracks 
dur ing d r y i n g . Although no cracks are v i s i b l e 
immediately a f t e r e x t r u s i o n , the cracks 
develop i n an ear ly drying stage. By adapting 
the composit ion of the p l a s t i f i e d mixture 
th is inconvenience could be overcome. A 1 m 
long S13N4 tube could be extruded and dr ied 
wi thout any f i s s u r a t i o n . Smaller pieces were 

• DQQ 
• • • • 

') 

m 

F ig . 3.3.5 Dewaxing furnace 
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dewaxed and no fissuration or additional 
deformation was observed. Green density after 
dewaxing was 1.9 g/cm3 i.e. 6u" of the 
theoretical density. 

3.3.6 Hot Isostatic Pressing 

J. Schrijvers, J. Sieurs. M. Tempels 

In a hot isostatic press (H.I.P.) components 
are uniformly heated (up to 2000CC) and an 
inert gas pressure (up to 2000 bar) is 
simultaneously applied to all the component 
surfaces [6]. HIP'ing is still being 
considered as a rather new technology. First 
applications were made in the mid 1950's. 
After being introduced in the PM-industry 
(hard metals) at the beginning of the 1970's, 
a new alternative process, the sinter-HIP 
technique, was introduced in the beginning of 
the 1980's, also in the hard metal 
PM-industry. The advantages of HIP'ing to PM 
parts are well known and they also are of 
interest for ceramists. Positive effects of 
HIP were mentioned in the previous report [6]. 
Alternative routes for HIP'ing ceramic parts 
are shown in Fig. 3.3.6.a. 
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Fig. 3.3.6.a Alternative routes for HIP'ing 
ceramic parts 

In connection with the programmes on SijN^j 
preliminary tests were conducted, using these 
different routes. 
The first route is the post-HIP'ing of moulded 
and sintered Si^N^. To prevent the 
pressurizing gas from entering the open pores, 
the moulded S13N4 sample is first sintered to 
about 93% T.D. Experiments indicate that the 
degree of post-densification is rather small. 
A number of post-HIP'ing results with unen-
capsulated S i 3N4 samples of different starting 
densities are schematically summarized in Fig. 
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Fig. 3.3.6.b Maximum density increase achieved 
by post-HIP'ing of various pre-sintered Si-jN^ 
materials with different starting densities 
[7]. Superimposed experimental results on 
various SiiN^-MgO-A^Oj materials. 

3.3.6.b [7]. Superimposed on this figure are 
some of our experimental results. 
Roughly speaking, it can be seen that post-
HIP'ing increases density by about 2? of the 
theoretical density, and that the effect 
decreases with increasing density of the 
starting material. One important factor during 
post-HIP'ing of unencapsulated pre-sintered 
Si 3N4 samples was found to be the grain 
morphology and the aspect ratio [7]. 
The positive effect of elimination or 
reduction of residual macropores and of 
healing cracks, if present at all, remains 
still effective, of course. 
A second alternative is the sinter-HIP 
technique. The component is sintered in the 
HIP vessel and immediately after pore closure, 
pressure is applied. No intermediate cooling 
is necessary and transient liquid phases can 
be used to promote high-pressure densificat-
ion. A sncial kind of sinter-HIP technique is 
Gas Pressure Sintering (G.P.S.). GPS usually 
uses two different pressures in the same 
cycle. In a first stage sintering is performed 
from 0.1 MPa to 20 MPa to close porosity. Gas 
pressure mainly serves to avoid decomposition 
of SijN^ at higher temperatures. In a second 
stage, gas pressure is raised from 4 MPa to <10 
MPa to promote further densification [8], [9j. 
It is observed that thert is 9 large over
lapping in the pressure range. Experiments in 
.he high pressure dilatometer, at a pressure 
in the overlap region, seem to indicate that 
high densities can be obtained in one stage. 
Further development work is needed to assess 
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completely the possibilities of GPS. 
When post-HIP'ing or sinter-HIP are used, the 
starting material has to reach the closed pore 
state necessitating the use of sintering 
additives. 

3.3.6.1 Encapsulation techniques 

Starting materials, which exhibit open 
porosity have to be encapsulated before 
HIP'ing to prevent the penetration of the 
pressurizing gas. This route is called 
"encapsulation". Capsules can contain green 
moulded materiel or insufficiently sintered 
samples (eg. Reaction Bonded Silicon Nitride). 
They can even be used to densi-fy SijN^ without 
sintering additives. 

Encapsulation techniques are studied in 
collaboration with National Forge Europe - IMT 
(MT-IMT) St. Niklaas *. An effort is being 
made to master the "sinter-canning" technique 
[10]. This technique involves the coating of 
an already shaped Si'3N4 ceramic component with 
a very good sinterable Si^N^ porder mixture. 
Sinterability can be improved by admixing a 
high amount of sintering additives. The 
coating layer would then be sintered to gas 
tightness and can act as an envelope. An 
intermediate buffer layer of pure Si^N^ 
between the sample and the canning layer 
prevents undesirable reaction'. Sintering 
experiments on Si^N^ with high counts of 
additives revealed that closed porosity is 
reached after about 10 min ai 1800°C. From 
this point of view these compositions can 
serve as a capsule. 

Tests performed with actual layers, deposited 
from a suspension, indicate that these layers 
are too loosely packed and shrink too heavily 
during drying and sintering, causing fissurat
ion. Fissuration during drying could be 
avoided by proper powder conditioning. Further 
development is needed to avoid fissuration 
during sintering. 
Apart from the encapsulation problems, the 
processing conditions (temperature, pressure, 
time) have to be determined in order tc 
optimize the degree of densification and of 
the resulting microstructure. 
This technique, known as the near-not-shape 
technique is, to our knowledge, not (yet) used 
for intricate ceramic components. 
In collaboration with NFE-ÎMT an encapsulation 
technique for near-net-shaping of PM parts has 
been developed. For near-net-shape forming, 
metal capsules can be realized by electrop
lating an envelope on a low melting alloy 
model, used as a cathode. This model of the 
desired component is shaped by injection 
moulding or via investment casting. After 

Joint project within the mocalities of the 
Royal Decree 123 

deposition of the can material the low melt-r.g 
alloy is melted and poured out. Nickel and 
copper cans, having a wall thickness of about 
1 mm have been made this way. The cans were 
filled with metal powder, sealed and, either 
by direct HIP'ing or HIP'ing with a second 
pressure medium, complex PM parts could be 
produced [11]. 

3.3.6.2 Upgrading of coatings 

In the framework of a programme, supported by 
the Flemish Executive concerning the upgrading 
of coatings, severai HIP treatments were 
carried out on WC-Co and WC-Co-Cr coatings 
plasma-sprayed on a mild steel. Proper 
encapsulation of the coated components during 
HIP'ing improves the efficiency of the 
treatment. Stainless steel envelopes were used 
and BN prevented reaction between the capsule 
and the component. A domain of HIP parameters 
is determined in which densification was 
realized. The domain will be further explored, 
evaluating properties other than density 
alone, e.g. hardness, bonding, structural 
changes, etc. [12]. 

3.3.7 High-temperature corrosion 

P. Uiels 

A commercial silicon nitride material 
containing Fe^Oo and MgO as main additives, to 
be exposed to the corrosive flue gases in an 
industrial aluminium remelting furnace, was 
characterized in the frame of the CEC 
Stimulation Action Programme (contract No. 
ST2J-0I46-3). The material was found to be 
dense *nd mainly to be composed of eSi3N4, 
showing a rather marked preferred orientation. 
Alplia-Si^N^ was not present. The presence of 
FeS:2 and FeSi precipitates, exhibiting a 
strong tendency to clustering was established, 
the clusters themselves being homogeneously 
distributed. The presence of magnesium 
silicates could not be evidenced [13]. 
In the frame of the European Non Nuclear 
Energy programme (contract No. EN3E-0131) a 
silicon carbide sample, exposed to the 
corrosive flue gases in an industrial 
aluminium remelting furnace, has been 
analysed. The results are being interpreted. 

3.4 SUPERCONDUCTING CERAMICS 

P.. Gilisseti 

The study of the preparation of monophase 
VBa2Cu307_n bulk material from the oxides and 
carbonates has been continued. An attempt to 
increase the Tc value by thermal treatment 
under high oxygen pressure (450°C, 100 bar) 
followed by quenching to liquid nit:ogen 
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temperature proved unsuccessful. 
The possibility to grow Yt^C^Cb.p single 
crystals by a flux method has also been 
explored. Very small single cristals (up to 
1000x1000x30 urn) could be grown. Fig. 3.4 
shows a single crystal with helical growth 
lines typical for the tetragonal high 
temperature phase. 

r — 1 

1 mm 

Fig. 3.4 YBa2Cu307_n high Tc superconductor-
single crystal 

Furthermore stoichiometric sputtering targets 
and Y^Oj substrates have been fabricated ai 
support to the Physics Department. 
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4.2 RADIOCHEMICAL INVESTIGATIONS 
A. Bruggeman 

4.2.1 Fusion research - Electrolysis of 
tritiated water 

A. Bruggeman, R. Cornelissen, A. Rahier 

The development of a dedicated original cell 
for the electrolysis of highly tritiated water 
has been continued within the framework of the 
Association contract No. luO-82-1 FUA B with 
the CEC. At the end of 1987, the characteriza
tion measurements on the mock-up capillary 
electrolysis cells were concluded. Although the 
results are still being evaluated, these exper
iments appear to confirm our previous ideas 
about the fundamental operation of the capil
lary electrolysis cell. A validation of the 
earlier proposed theoretical model is being 
expected. 

The prototype cell has been cold tested during 
more than 6500 cumulated hours. After about 
5000 h of continuous operation, a first long-
duration test had to be interrupted because of 
a deterioration of the gas separation effi
ciency. This malfunctioning has been attributed 
to internal gas leaks between the anodic and 
the cathodic compartments as a result of a 
gradual corrosion of the supporting frame of 
the gas separator. It should however be recall
ed that in the newly designed cell, this frame 
and all other parts that are wetted by the 
liquid, except for the feed tubing, will be 
made from ceramics. Pending the delivery of the 
ceramic parts, the problem has been provi
sionally solved and a new test campaign has 
been started to study the influence of a dis
continuous operational regime with daily start
ups and shut-downs. 

Meanwhile the development of the necessary 
peripheric equipment for liquid and gas treat
ment is going on. The electrolytically produced 
gases are first dried in a thermoelectrically 
cooled trap. An outlet temperature of -2Z °C 
could be obtained at the expected maximal flow 
rate of 6.5 1 h"1 (20 °C, 10 5 Pa). The exact 
dc ,*iint of the gases and the operational 
capacity between two regenerations is further 
verified. Final removal of mist droplets and 
gaseous acids has been successfully achieved in 
an earlier (') described reactor using NaOH 
During a 700 h test at the maximal electrolyses 
rate, these reactors showed neither a decrease 
in their performances nor an increase in the 
pressure drop. A particular device has also 
been constructed to cope with the anticipated 
need to remove ra-Molytically produced gases 
from the feed water channel. 

( M BLG-601 p. 69 

An improved version of the capillary electroly
sis cell itself has been designed and its con
struction was started. Together with the peri
pheric devices, this new cell will be incorpor
ated in a complete electrolysis installation, 
which is schematically shown in Fig. 4.2.1.1. 
The required incoloy bellow valves have been 
ordered. For performance and endurance tests 
with highly tritiated water, the whole system 
will be installed in the CEA laboratories at 
Valduc (France) where tritium infrastructure 
exists. The pertaining cooperation agreement 
has further been negotiated. 

4.2.2 Fusion Research - Radiolysis 

A. Bruggeman, H. Zhang 

A preliminary study, carried out within the 
framework of a contract No. 261/87-2/FV-EB/NET 
has shown the importance of radiolysis effects 
for the design and the use of an aqueous self 
cooled blanket (ASCB) for the Next European 
Tokamak (NET). Radiolysis of water gives rise 
to the formation of gaseous products, hydrogen 
and oxygen with possible bubble formation and 
could result in explosive mixtures. Decomposi
tion of solutes could also produce other gases. 
The effects of radiolysis and the measures 
taken to suppress them will interact with the 
cnemical control, and affect the corrosive 
behaviour and the activity transport of the 
ASCB solution. Higher operational pressures 
could be required for the suppression of bubble 
formation or solvent decomposition using an 
excess of dissolved hydrogen as applied in 
fission reactors. Finally the formation or 
addition of gaseous hydrogen could influence 
the tritium extraction. It ha? been concluded 
from the preliminary study that, at present, 
suppression of radiolytic v/ater decomposition 
in the NET ASCB cannot at all be guaranteed. 
But it has also been shown that even with very 
important hypothetical radiolysis effects, 
corresponding to the decomposition of nearly 
one cubic meter of water per hour, the ASCB 
blanket concept is still workable on condition 
that appropriate countermeasures are adopted in 
its design. 

Further theoretical and experimental studies 
are needed to quantify the radiolysis effects 
of various candidate ASCB solutions under NET 
conditions and to evaluate possible counter-
measures. Apart from the characteristics of the 
solution and of the radiation energy deposi
tion, the theoretical prediction of the radio
chemical behaviour of an aqueous solution 
requires the knowledge of the radichemical 
yields of all primary species and their reac
tion pattern within the solution. Furthermore, 
heterogeneous effects have to be taken into 
account for real systems : formation of other 
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Fig. 4.2.1 : Schematic representation of the electrolyser test installation 

phases such as gas bubbles and solid deposits 
and interaction with other phases such as cover 
gas and walls. As reliable data under realistic 
conditiüns are lacking, the need for basic 
experimental research is obvious, particularly 
for the relatively concentrated 6Li solutions. 
Three types of neutron irradiations in fission 
, eactDrs will probably be required to obtain 
the necessary radiolysis data or to draw up 
more empirical rules for the ASCB operational 
conditions. Relatively short irradiations in 
closed silica ampoules at a moderate effective 
neutron dose (2.1013 n cm"2) and avoiding gamma 
irradiation will allow to study the "one-pass" 
behaviour of the candidate ASCB solutions with 
emphasis on the gas production and the evalu
ation of methods to suppress it. Higher radi
ation doses (lu19 n cm"2) will be required to 
study radiation induced chemical changes in the 
composition of the solutions (H 20 2 formation, 
anion transformation, etc.) and the resulting 
corrosive effects on structural materials. 
Finally it can be expected that the remaining 
uncertainties concerning radiolysis, corrosion, 
chemistry control, tritium technology and other 
aspects of a potential NET-ASCB design will 
only be resolved by integrated experiments that 
wo'ild involve the construction and operation of 

a ^jumped ASCB loop in a material testing reac
tor. 

4.2.3 Fundamental Metrology of Radionuclides 

C. Ballaux 

The f i n a l report has been w r i t t e n for the 
research contract BCMM/ST/85-75 covering the 
i n s t a l l a t i o n and ca l i b ra t i on of an ion iza t ion 
chamber. Herein the measurement of small ion iz 
a t ion currents i s described. Cnarge i s c o l l e c t 
ed on a c a l i b r a t e d , air-spaced capaci tor of 
512.36 pF, placed i n the feedback loop of an 
e lec t rometer -ampl i f ie r wi th a high ga in , a very 
high input resistance and wi th a low capaci
tance. In the present cond i t ions , the change in 
voltage as a funct ion of t ime, measured with a 
d i g i t a l vol tmeter and a chronometer, bears a 
l i near re la t i onsh ip to the i on i za t i on current 
w i t h i n less than 0.01 %. Series of measure
ments are obtained under contro l of a personal 
computer and the data are f u r the r processed by 
appropr iate software packages. As described in 
the repo r t , the ca l i b ra t i on was obtained e i ther 
using o ld and pure 226Ra sources or measuring 
the ionization-chamber response only as a 
func t ion of e l e c t r i c quan t i t i es . A large number 
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cf measurements were performed with the 22°Ra 
reference sources t o study the inf luence of 
several parameters, namely the locat ion and 
i nsu la t i on of the capac i to r , the d iscr iminator 
s e t t i n g s , the gain of the electrometer, the 
r e p r o d u c i b i l i t y of the plateaus, the un i formi ty 
of response for the radium reference sources 
and to small movements of so l id and l i q u i d 
sources. The ax ia l and rad ia l va r ia t ion of t l 

chamber response was also studied. The stabi 
ty of these reference sources, of the back
ground rad ia t i on and of the instrumentation 
over a per iod of s ix months were also i n v e s t i 
gated as wel l as the memory ef fects when meas
ur ing a l t e r n a t i v e l y low and high cur rents . The 
instrument i s not very sens i t i °. t o most of 
these oarameters and a prec is ion of be t te r than 
0.1 % i s general ly obtained for currents down 
to 1 pA. The chamber has been ca l ib ra ted for 
so lu t ions of 22Na, 57Co, 60Co, 9°Sr, i ° ?Cd, 
1 2 5 I , 1 3 3 Ba, 13"Cs and 137Cs wi th nominal 
volumes of 1.2, 3.6 and 5.0 ml. Prel iminary 
e f f i c i e n c i e s have been deduced for photons and 
beta p a r t i c l e s . As in other count r ies , the 
nuclear-medical community has shown i n te res t in 
t h i s instrument because of i t s use i n c a l i b r a 
t i ons and intercomparisor.s of radionucl ides 
in tens ive ly appl ied in t h i s f i e l d . 

A new contract has been concluded with CBNM 
concerning the standardizat ion of low-energy 
X-rays w i th energies smaller than 4.5 keV. At 
present, the accuracy of avai lable standards in 
t h i s f i e l d is not be t te r .nan 10 %. At the 
request of about 30 laborator ies involved in 
atomic physics and X-ray spectrometry using 
S i ( L i ) spectrometers for X-ray spectrum analy
s i s , thp pro jec t aims at a reduction of the 
t o t a l uncer ta in t ies by a factor of two to 
three. The counting assembly consists of 

1) a f luorescent f o i l i n which the charac ter is 
t i c X-rays are exc i ted by the Mn K-X rays 
emitted by a 55Fe source ; 

2) a source chamber f i l l e d with hydrogen or 
hel ium, to maximize the transmission of the 
exc i ted X-rays ; 

3) a diaphragm to obtain a low-geometry ar
rangement (the normalized so l id angle Q/4TI 
i s smal ler than 0.01) ; 

4) a propor t iona l counter with a th in window 
{ fo r example 60 ^g/cnr 2 polyimide) and 
f i l l e d w i th an appropriate counting gas. 
The choice of the count i } gas depends on 
the source type used. 

In a f i r s t experimental ar. Jngement, the Mn-
and exci t i .d K-X rays enter the counter and 
methane is used to l i m i t che counting e f f i c i e n 
cy for the Mn K-X ••ays. In a second type, the 
Mn K-X rays are not allowed to enter the 
counter so tha t other gas mixtures can be used 
o f f e r i n g bet ter energy reso lu t ion . This second 
source type seems to be preferred by the major
i t y of the users. The next report w i l l present 

in some de ta i l the experimental cond i t i ons , the 
problems encountered, the computations f o r the 
x-ray transmission and for the spectrum analy
s i s . 

4.2.4 Radiochemical Analyses and Services 

C. Bal laux, A. Bruggeman, 0. Huys 

In the framework of the Exxon gadol in ia pro
gramme, the burn-up resu l t s of 15 samples from 
fuel p in N04 have been v e r i f i e d . Burn-up deter
minations have been ca r r ied out on 15 samples 
from fuel pin N12. The resu l ts have been 
reported. 

For 3 samples of rod F3Q01 i r r a d i a t e d i n BR3, 
d i f ferences of 4 to 18 % have been found 
between the burn-up values deduced from the 
137Cs a c t i v i t y measurements, using an approx i 
mate i n - p i l e decay co r rec t i on , and from the 
neodymium isotopes as a burn-up i n d i c a t o r . More 
accurate decay correct ions and extensive study 
of other possible e r ro r sources were of no 
avai l and i t was concluded tha t the discrepancy 
i s due to 137Cs nuclei migrat ing r a d i a l l y i n to 
the cladding ; t h i s f r ac t i on enriched in Cs 
isotopes has u n t i l now not been sampled for 
analysis of concentr ic fuel d r i l l i n g s . 

In the frame of contract No. 628.U22/608 w i th 
Belgonucléaire, 123 21,1Am analyses have been 
ca r r ieo out as part of the fuel f ab r i ca t i on and 
spec i f i ca t i on programme. At the request of 
JRC-ISPRA, 21,iAm is also being determined in lô 
samples from PERLA reference mate r ia l s . 

For the SO/CEN programme on the charac ter iza
t ion of rad ioact ive waste forms, the homogene
i t y of Pu-Cs-Sr glass has heen v e r i f i e d by 
gamma-ray spectrometry of 21,1Am and i 3 ' 'Cs. For 
the leaching tes ts on s im i la r glass samp'es, 
Pu, 21,1Am, 134Cs and 9 0Sr-9 0Y a c t i v i t i e s have 
been measured by alpha, beta and gamma-ray 
spectrometry. 

In support of the SCK/CEN programme on the 
surve i l lance of PrfR pressure vessels, the t o ta l 
number of f i ss ions in 23f)U and 237Np neutron 
f lux dosimeters has been determined in order to 
ca lcu la te the integrated fast neutron f l u x . 
Af ter quan t i ta t i ve d isso lu t ion and separation 
of U on an anion exchange column, the 238U 
content of the 238U dosimetpr is determined by 
mass spectrometric i so top ic d i l u t i o n using a 
233U spike so lu t i on . The a c t i v i t y of the ''•'•Ce 
f i s s i o n product is measured wi th a ca l i b ra ted 
low-energy gamma-ray spectrometer. A f te r the 
necessary radiochemical p u r i f i c a t i o n , the 137Cs 
a c t i v i t y i s also measured by gamma-ray spectro
metry, w i th a ca l ib ra ted high e f f i c i ency Ge(Li) 
detector . 13l,Cs is used as a t racer to deter
mine the y i e l d of the chemical separat ions. The 
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Np content of t * e dissolved 237Np dosimeter ~.s 
ca lcu la ted from i t s alpha a c t i v i t y and from the 
gamma a c t i v i t y of i t s daughter isotope, 2 3 3Pa. 
The l l, l*Ce and 137Cs a c t i v i t i e s are again deter
mined by gamma-ray spectrometry. A f te r the 
necessary decay co r rec t i ons , the number of 
f i ss ions per gram 2 3 8U and 2 3 7Np, and f i n a l l y 
the in tegra ted fas t neutron f l u x i s ca lcu la ted 
from the number of '"' 'Ce and 137Cs atoms 
produced, using the known f i s s i o n y ie lds f c r 
the masses 144 and 137. 

At the request of In teratom, t r i t i u m doped Li H 
p e l l e t s are being prepared. The pe l l e t s are 
pressed in a glove-box of the ceramics depart
ment and i r r a d i a t e d under i n e r t atmosphere in 
the BRI reac to r . An accurate est imat ion of the 
amount of t r i t i u m produced by the 6 L i ( n , a) 
react ion i s d i f f i c u l t because the high thermal 
neutron cross sect ion of 941 barn creates a 
neutron shadowing e f f e c t and an in te rna l f l u x 
dep le t ion . Dest ruct ive t r i t i u m analys is of some 
of the pe l l e t s is ca r r i ed out by adding H20, 
and c o l l e c t i o n o f the H2 and HT ; the 
LiOH(LiOT) so lu t ion is neut ra l ized wi th HC1. 
The water co l lec ted a f t e r ox idat ion of the 
H,(HT) and a f t e r vacuum d i s t i l l a t i o n of the 
LiCl so lu t ion i s then measured w i th a c a l i 
brated l i q u i d s c i n t i l l a t i o n counter. 

4.2.5 Character iza t ion and concentrat ion of 
rad ioac t ive corros ion products in Dosl 
111 

P. De Regge, K. Dinov, K. Ue Rarter* 

Rad ioac t i v i t y and corros ion product concentra
t ions were measured in a ser ies of samples 
taken from the primary coolant water of the 900 
MWe PWR Doel I I I . The analysis was focussed on 
concentrat ion va r ia t i ons and p a r t i c l e s ize 
analys is of the corros ion products in steady 
state operat ion and dur ing cold shutdown of the 
reac tor . 

The X-ray microprobe analysis of s ingle par
t i c l e s revealed a vary ing Fe or Ni content fo r 
the d i f f e r e n t p a r t i c l e s but Fe predominates in 
the larger p a r t i c l e s . The Fe-enriched pa r t i c l es 
also show a c l us te r s t ruc ture whereas Ni -en
r iched p a r t i c l e s show a spherical so l i d s t ruc
tu re . The Ni/Fe r a t i o var ies considerably 
dur ing the t rans ien t phase i nd i ca t i ng an im
por tant release of N i - r i c h p a r t i c l e s in to the 
coolant as shown 'n F ig . 4 . 2 . 5 . 1 . 

The a c t i v i t i e s measured on the to ta l p a r t i c u 
l a te f r ac t i on dur ing the shutdown phase i s 
given in F i g . 4 . 2 . 5 . 2 . 

*EBFS N.V., Doel, Belgium 

F ig . 4 .2 .5 .1 : Ni/Fe r a t i o f o r pa r t i cu la te and 
soluble f r a c t i o n during the PWR 
DOEL I I I shut-down 

F ig . 4 .2.5.2 : Corrosion product a c t i v i t i e s for 
the pa r t i cu la te f r ac t i on during 
PWR Doel I I I shut-down 

An increase i n the r a t i o S8Co/60Co shown in 
F ig . 4 .2 .5.3 also provides support to the 
assumption tha t in t h i s phase the release of 

T——! 1 ! 1 i i 1 1 1 1 

F ig . 4 .2 .5 .3 : Behaviour of the i öCo/bUCo r a t i o 
f o r so lub le and p a r t i c u l a t e 
c o r r o s i o n p roduc t f r a c t i o n s 
during the PWR DOEL I I I shut
down 
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corrosion product particles originates prefer
entially from the core. The observed decrease 
of the concentration levels of radioactive 
corrosion products corresponds quite well to 
the decontamination rate as expected from a 
simple model for the reactor purification 
circuit. The results are further evaluated. 

Preliminary contacts have been established for 
a modelling study of the covosion product 
surface concentrations and re?- 1 ting dose rates 
in the DOEL III PWR by tne computer code 
PACTOLE. 

4.3 NUCLEAR CHEMICAL TECHNOLOGY STUDIES 
M. Klein 

4.3.1 Conditioning of Cladding Waste 

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

This programme is carried out in the frame of a 
contract with the CEC (No. FI1W-0019-B) and in 
cooperation with the Kernforschungszentrum 
Karlsruhe (BRD). The programme aims at the 
active demonstration of the press compaction 
and encapsulation technology with representa
tive radioactive cladding waste. This demon
stration will be carried out in the mechanical 
cell (CI) of the HERMES installation. The 
construction of the cell and the installation 
of the equipment forms part of the HERMES 
programme and is reported as such in section 
4.3.2. In this section the in-cell equipment 
and the transport of radioactive hulls between 
Karlsruhe and Mol will be discussed i), 2 ) . 

The positioning frame for the gamma scanning 
unit, to be installed inside the cell, has been 
constructed in the workshop of the LHMA* 
department. For in-cell operation, the device 
had to be completed with additional instrumen
tation. A position measuring apparatus was 
mounted and microswitches are installed to 
insure safe operation. The positioning frame 
has also been adapted for the gomma scanning of 
the hulls in the tin cans, before compaction. 

Fig. 4.3.1.1 shows a picture of the positioning 
frame. The collimator to be mounted in one of 
the passages through the concrete shielding has 
been constructed. Its design was mainly based 
on the presence of the following radioisotopes 

* Laboratories for High and Medium Radioactivi
ties. 

'(Conditioning of Cladding Waste, BLG 597, pp. 
65-66, March 1987. 

2)Conditioning of Cladding Waste, BLG 601, PP. 
71-72, October 1987. 

in the hulls : 1LbRu-Rh, i31,Cs, il,1*Ce, ls"Eu 
with a total expected activity of the order of 
36 GBq per kg of hulls. For the gamma measuring 
chain a Ge(Li) detector with the necessary 
instrumentation is available and a new multi
channel analyser has been ordered. 

Fig. 4.3.1.1 : Positioning frame for gamma 
scanning 

The welding parameters for the three types of 
containers hà^e further been tested for in-cell 
operation of the TIG welding unit. The most 
important parameters are the welding current 
combined with the rotation sp ed of the torch, 
the oscillation frequency and amplitude of the 
torch - especially for welding the lead 
containment - and the distance between the 
welding torch and the material to be welded. 
Fig. 4.3.1.2 shows the welded upper parts of 
the three containers. The electrical wiring of 
the unit has been modified before installation 
of the unit in the cell. A picture of the cell 
with the equipment already installed is shown 
in section 4.3.2. 

After transport of 100 kg of radioactive hulls 
form WAK to SCK/CEN, the underwater reception 
of the active material at BR2 has been chosen 
as a final solution. A scenario has been worked 
out consisting of the following steps : 
- transport of the hulls between WAK and KfK ; 
- packaging of the hulls at KfK ; 
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F i g . 4 . 3 .1 .2 : Welded upper part of the three containers fo r encapsulation of the compacted hu l l s 

- t ranspor t from Karlsruhe to Mol by GNS-
Essen ; 

- recept ion of the packed hu l l s at BR2 ; 
- t ranspor t of the h u l l s from BR2 to LHMA. 

The de ta i l ed design of the d i f f e r e n t con ta in 
ments and manipulat ion devices i s con t i nu ing . 

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

J . Cours ier , A. Danie ls* , L. Geens, 
R. Harnie, J . Marien, J . Vaesen, 
J . Van der Auwera**, F. Ven 

During the period reported on, the main e f f o r t s 
were devoted to the construct ion and the equip
ment of the mechanical ce l l C I , in view of the 
ac t i ve demonstration of the cladding waste 
cond i t i on ing technology (see sect ion 4 . 3 . 3 ) . 
'he development of the j i b -a rm was also con
t inued . 

The concrete sh ie ld ing behind and on top of the 
c e l l has been mounted. This sh ie ld ing cons is ts 
mainly of 1 m th ick concrete blocks and i s thus 
demountable. The s ta in less steel alpha-box was 
connected to the d i f f e r e n t passages fo r the 
per ipheral equipment and to the contro l room of 
the c e l l : v e n t i l a t i o n ducts, t rans fer p o r t , 
p i p i n g and e l e c t r i c a l w i r i n g . Lead g lass 
windows have been i n s t a l l e d in the f r o n t wal l 
of the concrete s h i e l d i n g . In the alpha-box 
tempered glass windows have been mounted, which 
are protected wi th steel cur ta ins ins ide the 
c e l l 

In the c e l l , several pieces of equipment hove 
already been i n s t a l l e d or mounted. The cases 
for the primary v e n t i l a t i o n f i l t e r s have been 
f i xed on the v e n t i l a t i o n ducts. A storage frame 
fo r the d i f f e r e n t containers has been mounted. 

* Laborator ies for High and Medium Rad ioac t i v i 
t i e s 

**Technical Service D iv is ion 

The two large pieces of equipment, the press 
:nd the welding u n i t have been i n s t a l l e d and 
f i n a l modi f ica t ions for i n - c e l l operat ion are 
being made. Around these u n i t s , a working tab le 
has been constructed. L igh t ing by means of four 
mercury discharge lamps, i s provided. F ig . 
4 .3 .2 5hows an ins ide view of the c e l l w i th the 
equipment already i n s t a l l e d . 

F ig . 4 .3 .2 : Inside view of the CI wi th the TIG 
welding apparatus 

The cable drum o f the j i b -a rm had to be adapted 
in order to prevent blocking of the cable, 
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espec ia l l y when t h i s crane is operated wi thout 
l oad . The device i s con t ro l l ed manually, v ia a 
personal computer. The computer programme 
t rans la tes the operator 's commands to the power 
con t ro l u n i t of the e l e c t r i c a l motors which 
perform the mechanical movements of the j i b -
arm. In add i t i on the PC checks i f the r 3 are no 
i n c o m p a t i b i l i t i e s between the o p e r a t o r ' s 
commands and the spat ia l r e s t r i c t i o n s in the 
c e l l . Furthermore, the coordinates of the hook 
are displayed and the pos i t ion of the arm is 
g raph ica l l y v i sua l i zed on the opera tor ' s PC 
screen. This i s very useful since d i r e c t v isual 
con t ro l of the movements is not always possible 
f o r the c e l l operator . 

4 .3 .3 Removal of Cesium and Cobalt from L iqu id 
Waste 

D. Huys, M. Fevery*, M. K le in 

4.3.4 Recovery of Plutonium from N i t r i c Acid 
Solut ions 

D. Huys, M. K le in 

A contract has been established between SCK/CEN 
and Belgonucléaire for the recovery of pluto
nium from solutions produced in the 8N analyti
cal laboratory and resulting from the charac
terization of mixed oxide fuels. 

A process analysis showed that two processes 
cou'ci be used, namely 

1) the ammonia precipitation method whicii is 
the reference process ; 

2) an alternative process consisting in the 
separation of Pu from U by an anion exchange 
resin followed by precipitation of the 
separated Pu. 

Borated LWR concentrates containing detergents 
and complexing agents such as EDTA can not le 
treated by the classical ferrocyanide precipit
ation method. The liquid waste mainly contains 
1 3 7Cs at a level of 7C0 to 2600 kBq/1 and 60Co 
at a level of 1400 to 2300 kBq/i. The organic 
matter content is expressed by the COD (Chemi
cal Oxygen Demand) which amounts to about 10 g 
02/l. 

Alternative methods are tested at the labora
tory scale aiming to reach an overall decon
tamination factor of at least 100 and a reduc
tion of the COD below O.l g 02/l. 
The first method tested comprises an oxidation 
of the organic matter by hydrogen peroxide at 
about 90 *C in acid medium followed by copper 
ferrocyanide precipitation at higher pH to 
remove Cs ; the Co remaining in the solution 
can be removed by absorption on a Mn02 precipi
tate formed by oxidation of the solution with 

KMnOi,. By this method a OF for Cs higher than 
50 and a OF for Co higher than 20 can be 
obtained. 

The second method tested comprises a similar 

oxidation of the organic matter by H J ^ at 
90 °C in acid medium. The oxidation is followed 
by a cyanide complex salt precipitation at the 
same pH. The results obtained till now are very 
promising since DF's higher then 100 for Cs and 
higher than 50 for Co have been obtained. A 
parametric st uy is being carried out to 
optimize the procedure and to design a pilot 
scale unit. 

* Waste Department 

The Pu thus recovered, is freed from U, Am and 
cationic impurities. A parametric study of the 
ion exchange method was done with Dowex-1 
resin. Table 4.3 4 gives an overview of the 
optimal values for the operating parameters and 
the results obtained. 

Table 4.3.4 : D0*EX 1 Tests 

Operating temperature 
Acidity for bed loading 
Acidi ty for elution 
Resin capacity 
Pu cone, factor in eluate 
Effluent concentration 
°u decontamination factor 

U separation factor u prQduct 

8Q 
6-9 

0.35 
60 

2-3 

20 
10U 

°C 
M 
M 
mg/g 

mg/l 

50U 

The high concentration of Pu in the effluent 
would lead to excessive secondary waste costs 
so that several methods were tried to reduce 
this concentration such as, treatment of the 
effluent on a fresh bed, addition of reactants 
to bring the valency of Pu at +4, addition of 
Al 3 + to complex the fluoride ions. None of 
these methods were really successful ; it is 
most probable that a small fraction of Pu forms 
a cationic or a neutral complex (for example 
PuF * ) which is not trapped by an anion ex
change rrsin. 

The ammonia precipitation method has finally 
been retained for this type of solution. In 
this method, the acid solution is neutralized 
to pH 7 so that Pu, U and the major part of the 
impurities (Am as radiochemical impurity and 
the cationic impurities) are precipitated. 
After filtration, the precipitate is calcined 
to a U/Pu oxide powder. After some laboratory 
tests, a first bottle containing about 15 1 of 
solution has been treated in the existing 
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installation. The effluent 
ranged from 0.46 to 2 mg/1. 

Pu concentration 

A new unit for batchwise precipitation-filtra
tion with a capacity of 10 to 12 liter 
(S bottle/batch) was tested with a synthetic 
solution containing abou. 97 g/1 of uranium. 
The results obtained were satisfactory ; the 
equipment to be installed in the glove-box, is 
shown in Fig. 4.3.4 during the cold testing. 

marking for a given critical wind direction ; 
a graphical display of the concentration 
values measured during that half-hour ; 

- a list of all the measured data in the case 
of claims ; 

- a comparative listing with the values 
measured in another measurement station ; 

- a display of the hal f-hour averages for one 
month as stored on disk. 

An example of a generated graphical display is 
given in Fig. 4.3.5. 

Fig. 4.3.4 : Equipment for U-Pu precipitation 
from waste solutions 

Fig. 4.3.5 : Graphical display of measured 
values 

4.3.5 Supporting Services for Instrumentation 

F. Ven 

On request of an industrial partner, a Data 
Acquisition System was installed for the moni
toring of the immission levels in the vicinity 
of their factory. A computer programme, called 
LUPORA (UJcht £011utie Rapportering) was 
written to generate a daily report on the basis 
of the collected : data concentrations, wind 
velocity and direction for pollutants. 

This report comprises : 
- an overview of the half-hour averages of the 

day ; 
- a list of the concentration values exceeding 

a given threshold value with an additional 

4.4 GE0TECHN0L0GY INVESTIGATIONS 
A. Bonne 

The main ultimate objectives of the HADES-
project (JHigh Activity £isposal Experimental 
^ite) are to demonstrate on a site specific 
basis the technical feasibility and the long-
term safety of the option to dispose of high-
level and long-lived radioactive wastes in an 
argillaceous formation. 

In order to reach these objectives SCK/CEN 
established an R S D and demonstration pro
gramme which since its early beginning already 
received the support of the commission of the 
European Communities and more recently of the 
Belgian waste producers through NIRAS/ONDRAF. 
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Today the HAOES pro jec t is sponsored by various 
cont rac ts granted to SCK/CEN by the Commission 
o f the European communities FI1W-004-B (B) , 
FI1W-0046-B (B ) , FI1W-0Q55-B (B ) , FI1W-0100-B 
( B ) , FI1W 3145-B (B) and WASB-428-84-9-B (RS) 
and by NIRAS/ONORAF. 

B i l a t e r a l research contracts between SCK/CEN, 
PNC (Japan) and ANDRA (France) deal w i th spe
c i f i c issues, v i z . in s i t u migrat ion and geo-
technics respec t i ve l y . 

Research re la ted to the bu r ia l of low- leve l 
waste has been continued i n the frame of the 
research con t rac t between NIRAS/ONDRAF and 
SCK/CEN. 

4 .4 .1 Operation and Exp lo i ta t i on of the Unoer-
ground F a c i l i t i e s 

M. Buyens, B. Neerdael, M. Voet 

Besides the replacement of the be l t of the 
h o i s t system, no special remarks were made 
dur ing the legal inspect ions of technical 
equipment and i n f r a s t r u c t u r e made during t h i s 
semester. A new winding-gear was placed on the 
shaf t d e r r i c k , smaller in diameter to minimize 
the repeated f l exure stress i n the be l t created 
by the tens ion ing r o l l e r below the winding-
gear. Special a t t en t i on was '>aid t 0 the gu id 
ance system in the shaft tak ing in to account a 
f u l l charge of 24 hours a day during the exca
va t ion works. Tasks fo r experimentator s in the 
present labora tory were reduced t r the ones 
s t r i c t l y necessary to minimize in ter ference 
w i th the t e s t d r i f t const ruc t ion works. This 
was the case of the emplacement of pH and Eh 
electrodes around the d i r ec t contact corros ion 
tubes operated at higher temperature which has 
been postponed to the next semester. 

Besides the experiments re la ted t o geomecnanics 
and described in 4 . 4 . 2 . 1 , f u r t h e r ^«Derimental 
set-ups were completed, essen t ia l l y v i t h regard 
t o m ig ra t i on . The emplacement was ca r r ied out 
of three new experiments and the withdrawal of 
two labeled cores previously emplaced was r e a l 
i zed . 

The HADES data c o l l e c t i o n system is dept in 
operat ion and seems to be very r e l i a b l e . The 
i n s t a l l a t i o n of mu l t i task ing f a c i l i t i e s an 
the personal computers al lows remote cont ro l 
w i th more than one da ta -acqu is i t ion u n i t . Power 
f a i l u r e s and magnetic in ter ferences were de
tected and w i l l be resolved by means of un in 
t e r r u p t i b l e power supply un i ts to ensure con
t inuous data c o l l e c t i o n . 

4 .4 .2 Geomechanical Behaviour o." Room Clay 

D. Oe Bruyn, B. Neerdael, M. Voet 

4.4.2.1 Field measurements 

Measurements by the geotechnical sensors in the 
v i c i n i t y of the Underground Research Laboratory 
(U.R.L.) are con t inu ing . The computerized meas
u r i ng equipment fo r Gloetzl pressure c e l l s i s 
being replaced ; the c e l l s already reconnected 
(access s h a f t , f i r s t 6 n. sect ion of g a l l e r y ) 
i nd i ca te no f u r t h e r s i g n i f i c a n t pressure va r i a 
t i o n s than observed dur ing the previous semes
t e r . One of the screen piezometers i n s t a l l e d in 
the v i c i n i t y of the corros ion loop operated at 
90 °C comes under the in f luence of the loca l 
temperature increase. 

The three d i la tometer tes ts foreseen in the 
frame of the co-operat ion w i th ANDRA were 
s t a r t e d . Clay behaviour and p a r t i c u l a r l y i t s 
convergence-confinement aspect i s inves t iga ted 
by tes t s of a r e t r a c t i n g type, measuring volume 
deformat ion of the gauge under constant i n t e r 
nal pressure or pressure bu i ld -up on the gauge 
when volumetr ic deformation i s hindered. 

F i g . 4 .4 .2 .1 : BRGM di la tometer w i th pressuring 
u n i t 
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A technique f o r s t . ess f i e l d determinat ion i s 
opt imized by consider ing pressure sensors 
grouted i n a borehole. The mathematical s imu la 
t i o n t r y i n g t o reproduce and exp la in the 
recorded values allows a fu r the r ref inement o f 
the grout cha rac te r i s t i c s useful to f u t u r e 
t e s t s . 

The problem or f r a c t u r e i n c lay i s f u r t h e r 
s tud ied ; a t e ^ t i n a borehole using a coupled 
camera-endoscope system together w i th spec ia l 
sof tware based on imagp processing i s in prep
a r a t i o n . A survey invo lv ing both e l e c t r i c and 
seismic i nves t i ga t i ons from a borehole or i n a 
c ross-ho le con f i gu ra t i on is being considered. 

4 . 4 . 2 . 2 Mathematical modell ing 

Resul ts of the model l ing performed by the Ecole 
Centra le of Par is (Cam clay model) were exam
ined and compared w i th those obtained a t the 
Ecole Polytechnique of Paris w i th a new vers ion 
o f the e l as to - v ' s co p l a s t i c model. 8oth ap
proaches led to s i m i l a r resu l ts when reproduc
ing the cons t ruc t i on of the small experimental 
d r i f t b u i l t in 1984 ; the d i f ferences between 
the numerical approach and the f i e l d measure
ments ( e . g . h igher pressures ac t ing on the 
l i n i n g ) may be found i n the s e n s i t i v i t y of the 
model to several f ac to rs such as s t ress f i e l d 
and l i n i n g s t i f f n e s s . 

The code E^INIS was adapted and improved to 
reproduce the pressure recorded by G loe tz l 
sensors i n boreholes. A series of 2-dimensional 
s imu la t ions model l ing a cross-sect ion i n the 
borehole w i l l be launched, tak ing i n t o account 
a d is tu rbed c lay zone wi th reduced mechanical 
s t i f f n e s s induced by the d r i l l i n g and repre 
sent ing the p l a s t i c zone which cannot be 
descr ibed by the purely l inear e l a s t i c model. 

4 .4 .3 Hyürogeological Research 

J . Patyn, P. Henrion, M. Monsecour, 
M. Put 

4 . 4 . 3 . 1 üeochemical charac te r i za t ion 

Research has been continued on the hydrochemi-
cal r e l a t i o n s and chemical e q u i l i b r i a in the 
aqu i fe rs surrounding the Boom c l ay , p a r t i c u 
l a r l y the behaviour of sulphate and i t s r e l a t e d 
m inera ls . 

Since thermodynamical ca lcu la t ions i n d i c a t e 
t h a t the format ion af gypsum as a secondary 
mineral can be ru led ou t , the impoverishment of 
S < V - , der ived c -om t h ° SCVC1 r a t i o in the 
conf ined aqu i fers of the b ruxe l i i an and the 
rupe l ian sands, has been re la ted to the ox ida
t i o n of organic matter. As these ox ida t i on 
processes produce also C02, they may w i t h the 

d i sso lu t i on of CaC03, account for the high 
HC03" content in the deeper a q u i f e r s . 

When ca l cu la t i ng the chemical e q u i l i b r i u m w i t h 
some common minera ls , as a func t ion o f depth or 
along a f lowpath, one observes that tne satu
r a t i o n index s tead i ly increases wi th depth but 
remains undersaturated w i th respect to do lo
m i t e , c a l c i t e or gypsum. However, f o r a l l 
minerals considered the e q u i l i b r i u m abrupt ly 
changes i n the rupe l ian a q u i f e r , where an over-
sa tu ra t ion i s observed for c a l c i t e and dolomite 
and a quasi complete absence of gypsum ; those 
observations provide evidence f o r t o t a l l y 
d i f f e r e n t geochemical systems ( F i g . 4 . 4 . 3 . 1 ) . 
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F ig . 4 .4 .3 .1 : E v o l u t i o n o f the s a t u r a t i o n 
indices versus depth 

4 .4 .3 .2 Thermal impact of a HLW-disposal s i t e 
on a mul t i layered aqu i f e r system 

I t was previously ca lcu la ted t h a t i r r espec t i ve 
of the thermal loading r e s u l t i n g from a HLw-
repos i to ry , convective c i r c u l a t o r f lows w i l l be 
induced in the sandy neogene s t r a t a . However, 
tak ing in to account the heterogeneous l i t h o -
s t ra t ig raphy of the sandy formations above the 
Boom c lay , i t was c a l c u l a t f d t ha t the r e s u l t i n g 
convective v é l o c i t é s would be much smaller 
(F ig . 4 .4 .3 .2 ) th -n for a homogeneous forma
t i o n . Convective c e l l s should only develop 
between 30 and 160 m, where the permeabi l i ty 
amounts to at l eas t 10* 1 2 m2 . I t was also 
concluded tha t the temperature p r o f i l e in t h i s 
s t r a t i f i e d medium behaves in a very s im i la r way 
as the p r o f i ' e obtained for pure conductive 
heat t r a n s f e r . 
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Fig. 4.4.3.2 : Convective groundwater velocity 
in the neogene sand homogeneous 
versus heterogeneous lithostra-
tigraphy 

4.4.4 Migration of radionuclides in Boom Clay 

P. Henrion, M. Morsecour, M. Put 

4.4.4.1 Laboratory experiments 

The diffusion measurements of radionuclides in 
consolidated Boom clay plugs have been con
tinued, extending the range of the consolida
tion pressure up to 6.36 MPa. Clay plugs taken 
in vertical or horizontal directions from the 
clay front were also tested in the laboratory. 
These tests have confirmed that the diffusion 
coefficient and the effective porosity decrease 
with an increase in consolidation pressure, the 
latter becoming as small as 5 % of the total 
volume for l~ under 6.86 HPa (Fig. 4.4.4.1.a 
and 4.4.4.1.b). At the lithostatic pressure of 
4.41 MPa the differences in diffusion coeffi
cient (D) and void fraction (T)R) observed in 
relation with the method of preparation of the 
plug are comparable to the experimental disper
sion noticed for plugs prepared by the same 
method. Thus the method of sampling of the clay 
and its preparation as a plug introduces only 
minor variations in the so-called "structure" 
of the clay, and laboratory diffusion tests 
constitute therefore a reliable method to 
obtain the correct orders of magnitude of the 
migration parameters in clay. 

Parallel co the tests with iodine, similar 
tests are running with Cs, Tc and humic mate
rial. 
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4.4.4.2 Underground sigration experiments 

Two types of underground migration experiments 
are either under way or in preparation. They 
cower the one-dimensional percolat on experi
ments with labelled clay ceres emplaced in 
boreholes, which theoretically constitute an 
alternative way to measure migration par
ameters. Those are carried out to verify that 
no aspects of migration have been overlooked in 
the diffusion tests and to validate results 
obtained in the laboratory. Presently, five 
experiments with the radioisotopes 152Eu, 85Sr, 
13l*Cs and 2 3 3U have been emplaced in the clay 
formation surrounding the U.R.L. The first 
three experiments were recently retrieved and 
their interpretation is in progress. In addi
tion three-dimensional experiments with direct 
injection of non- or weakly delayed tracers in 
the clay formation are also prepared. These 
tests, to be started soon, involve transport 
distances of up to 1 m from the source and 
should provide a further validation of the 
transport models. 

4.4.5 Performance and Safety Assessment of 
Geological Disposal 

A. Sonne, J. Marivoet, 6. Vo.ckaert 

At present tha performance assessment studies 
elaborated for the Belgian concept of a geo
logical waste repository in a clay layer, only 
considered vitrified high level wast° (HLW) 
forms. Current repository designs however 
intend to dispose of HLW as well as medium 
level waste (MLW) and alpha bearing waste 
forms. In 1987 the Commission of the European 
Communities has started the PACOMA project 
concerning the performance Assessment of 
Confinements for Medium level and Alpha waste. 
The aim of this project is to carry out, as an 
extension of the PAG'S project, an assessment 
of the radiological consequences and risks 
associated with the geological disposal of 
alpha wastes and MLW. 

The following waste types are proposed to be 
considered : 
- reactor operation waste (sludges, concen

trates, filters, ion exchange resins) ; 
- reprocessing waste (hulls, scraps, sludges, 

ion exchange resins, iodine, technological 
waste) ; 

- MOX fuel fabrication waste (sludges, ashes, 
technological waste). 

The information available on the radionuclide 
inventories of these waste forms has been 
collected but an mportant problem which still 
remains still is the insufficient knowledge on 
the content of those radionuclides which deter
mine ultimately the long-term safety of the 

disposal of the wastes. 

As far as possible the repository system models 
developed for the PAGIS calculations, will be 
used for PALOMA. However in the case of MLW, 
the near field phenomena may have a stronger 
influence on the radionuclide fluxes into the 
aquifer, because of the poor quality of the 
concrete and cement conditioning materials used 
for MLW compared to the glass matrix used for 
HLW. Also the presence of some poorly retarded 
radionuclides such as 3H, 1>K, and 129I need 
particular attention. Sensitivity studies with 
respect to the modelling assumptions are 
performed to evaluate which adaptations to the 
computer codes are necessary. 

4.4.6 Demonstration and Pilot Facility 

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

The construction phase of the test drift to be 
built in Phase 1 of the "HADES Demonstration 
and Pilot" programme, started in March and was 
terminated in Decemt vr. A total length of 42 m 
of drift with stiff concrete liners was 
constructed with an inner diameter of 3.5 m. 
This length will allow different important 
tests to be performed simultaneously with 
minimal mutual interference. 

Fig. 4.4.6.1 presents a view inside the new 
drift. On the average a progress rate of 1.7 m 
per week was reached and no major difficulties 
occurred during the construction. This drift 
was followed by a 12 m long coaxial section, 
lin?d with sliding steel segments, constructed 
for ANDRA (the French agency for nuclear waste 
management) in orde"- to test at real scale the 
convergence/confinement principle of gallery 
construction in deep clay formations. 

At the end of this converging drift section, a 
2 m long buffer zone, lined with concrete, was 
built to limit the influence of the converging 
terminal front upon the convergence/confinement 
>.est zone. The terminal front of the gallery is 
lined with a concave cask of shotcrete. 

The deformations of the concrete lining and the 
pressures acting on it are recorded on ..even 
instrumented gallery sections. The observed 
deformation rate is important in the first days 
after installation of the liners and amounts to 
0.5 percent of the diameter in the first 10 
days ; it decreases slowly, reaching 1 percent 
after 90 days. The average deformation in the 
different measuring sections is very similar, 
but their different ovallzation processes are 
greatly influenced by the initial shape of the 
excavated section. 
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Fig. 4.4.6.1 : General view inside the 'test drift 

The total pressure, measured as well by load 
cells placed between liners as by pressure 
cells imbedded at the extrados of the liners 
reaches up to 21 bars after six months, of 
which 80 % is already obtained during the first 
month. 

For each of the seven measuring sections, the 
(x,y,z) position of several convergence studs 
was followed by an underground topographic 
survey. Reference supports for the measuring 
staticns were therefore implanted in the test 
drift, materializing a planimetrie network. 

The dissipation of pore water pressure is an 
essential aspect of the clay response to exca
vation. The recorded variations are given in 
Fig. 4.4.6.2, the distance of each sensor with 
regard to the extrados of the lining of the 
drift being mentioned in the legend. Afte>" a 
pseudo-equilibrium state ind in direct connec
tion with the excavation progress, each sensor, 
even at relatively great distance of the exca
vated front is affected by the construction 
works ; the pressures are now increasing again 
towards another equilibrium state. 

The vertical displacement inside the clay body 
itself is recorded at three positions above the 
roof of the test d-ift. It reaches : ID cm at 
6.1 meters from the axis of the test drift, 
which corresponds to about 2.6 m in the clay 
body as measured from the excavated boundary ; 
it reaches 4.4 cm at 6.9 m distance and i.b cm 
at 7.8 m from the drift axis. 

S'ich velues drt in good agreement «i ;h the 
expected deformations obtained with the E.PLAST 
code. The radius of the plastic zone around the 
gallery may then be estimated to tie abou't 3.6 m 
and is corroborated by the measurements record
ed along a vertical extensometer which was 
i:.stal led in the 35th ring of the gallery 
immediately following the lining emplacement. 
At the drift's end the clay body beyond the 
shotcret' cask was instrumented by a uloetzl 
4-points fibre extensometer equipped with 
transducers for continuous monitoring of the 
relative ueformations. Reflectors were also 
mounted on the front to measure the displace
ments as a function of time using an infrared 
interferometer. 
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Fig. 4.4.6.2 : Pressure evolution in the piezometer nest below the test d r i f t during excavation 

The design of the CERBERUS (Control Experiment 
with Radiation of the jîEJgian Repository for 
underground Storage) test has been further 
developed. The aim of the test is to allow in 
s ; j observation of the near f i e ld effects 
around a simulated HLH canister as described in 
earlier reports (BLG 601, p. 81). The hydrata
t ion system for the buffer material has been 
adapted to allow a higher hydratation rate. 

A special container was designed, complying 
with the safety requirements during the t rars-
port of the b0Co-sources and taking into 
account the actual load restr ict ions of the 
hoist , 850 kg. 

The electromagnetic handling system to be 
co"bined with this container was fu l l y design
ed, ' ,J presented on Fig. 4.4.6.3. I t was tested 
at di f ferent temperatures between 25 and 150 
°C, f i r s t with a dummy radiation source and 
f ina l l y in a shielded cel l with a 60Co source. 
A .ninimal voltage of 6 V is needed to retrieve 
the source, the maximal operating voltage being 
24 V. During the tests, the device was submitt

ed to a total dose of 14U kGy. No influence on 
the performance was observed even when exposing 
the device during 10 minutes to a temperature 
of 15U *C. The possib i l i ty to load and unload 
remotely the cage of the hoist system with a 
telemanipulator is presently studied. This 
solution would suppress the necessity, imposed 
for safety reasons on the operators, to use the 
ladders when the ft0Co source is transported by 
the hoist . 

4.4.7 Disposal of Low Level Waste on Land 

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

The study has been completed aiming at the 
determination of the maximum permissible 
concentrations and quantities of radionuclides 
that may be disposed of in a shallow land 
burial s i te . The calculations were performed 
within the boundary condition of a maximum risk 
level of lo
uai . 

per year for a c r i t i ca l ind iv id-

* Health Physics department 



87 

'Ui "IK-L i s ; J v ' . 'U' ."> 

U ' . u i s : :U- Ui i:i : ' . '•: t.t':-

v\>:in--.-L .-r 

l \ m t . i .- t 

i-"i : . VI . 3 . 

; ' . . ' \ " i i r i ' ! i v i s f t ' . i r p . n v r . ; u p t i l y 

• \nd i '> ' ;U, i i - l i"nr t h . ' : . . r - . : i f t 

>/. .>'" p .n- .v r s u p p l ' . -

i . ' ! u i t i-u-Li. i' ; ' i-r 'X. : . v a s n r i " . . v n l s 

• M" I n . ' i i l . ' I M 

: ! . I ' I . i r . i ü t r . - 1 ' U T i 'o r ':•.•.• . IL 

t v '.u ! - - u i e r I 

; . : ' i i ' - : : ; i :'.;,!.;ni-l wi til 1 i ' J i i .ill k' 1 C i il : j 

i l . i i f . l i . T . 

I . IV:; I t i l i n ' 

i . ilu-inr K o u r r r 

Fig. 4.4.6.3 : Remote handling device for unloading 6"Co sources 

In th is study the consi'-.red scenarios of the 
si te were not c lassi f ied into normal evolution 
and accidental scenarios but into scenarios 
l im i t ing concentration and total inventory. The 
"normal evolution" and the "water scenarios" 
belong to the inventory l imi t ing group and the 

"construction" and residence scenarios belong 
to the concentration-limitinc group. For each 
of those and for each radionuclide the maximum 
individual risk was calculated per unit act iv
i t y or respectively per unit of concentration, 
present in the burial site at the end of the 
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operational phase. In fact, the upper limits of 
the individual risks «ere evaluated, rather 
than the «»xact maximum values which would 
require very complicated and time-consuming 
computations. These upper limits were estimated 
by assuming that the considered accidental 
scenarios take olace during the first year of 
their possible occurrence with a probability 
equal to unity. From the maximum acceptable 
risk value, limits for the total inventory and 
concentrations of the radionuclides were deter
mined. In order to be able to compare the 
inventory limits with the concentration limits, 
the latter were converteo into inventory 
limits, by multiplying them with the maximum 
capacity of the disposal facilities. In this 
way it was possible to designate the most 
limiting scenario for each -adionuclide. 

The final results are given in Table 4.4.7.1. 
Maximum inventory limits corresponding to other 
acceptable risk values may be easily derived 
from the data. 

Table 4.4.7.1 : Maximum inventory* 

Nuclide 

3H 
1-c 
59Ni 
63Ni 
9 0 S r 

9"Nb 
î 9 T c 

' " J 
1 3 5 Cs 
1 3 7 Cs 
2 3 -u 
23Hl 
2J»|j 
2 3 7 Np 
2 3 8pu 

23 9 P u 

2vJp u 

2 - l p u 

2 1 , 1 Am 
2*3Am 
2*2Cm 
2 "'•Cm 

Inventory 
GBq 

1.2 E+7 
1.2 E+2 
2 .1 E+4 
3.3 E+5 
7.2 E+4 
2.0 E+2 
6.5 E+2 
1.0 E+l 
4.5 E+2 
4.8 E+5 
7.2 
1.4 E+l 
2.6 E+l 
2.2 
4 .0 E+4 
1.3 E+3 
3.1 E+3 
3.5 E+4 
1.0 E+3 
5.4 E+2 
7.0 E+-. 
1.1 E+6 

Limiting scenario 

Drainage canal 
Residence 
Orainage canal 
Drainage canal 
Drainage canal 
Residence 
Residence 
Drainage canal 
Drainage canal 
Residence 
Normal evolution 
Normal svolution 
Drainage canal 
Intrusion well 
Residence 
Normal evolution 
Residence 
Residence 
Residence 
Residence 
Residence 
Residence 

well 
well 

well 

* Max. individual risk 10"6 y-1 and max. burial 
capacity 75000 ro3. 

In the framework of a new annex to the contract 
with NIRAS/ONDRAF, a concept of a disposal 
facility for "Oe Minimis" waste has been devel
oped. Before the disposal of the waste, the 
site must be prepared by compacting the natural 
ground and by the emplacement of a clay layer 
if it does not already exist naturally. A liner 
and a drainage layer with a collection device 

are foreseen on top of tne ci ay iayer to pre
vent liquid accumulation and possibly to con
trol the infiltrated water during the opera
tional phase. Waste is then deposited, mixed 
with soil, and compacted. The compacted layer 
is covered with soil either at regular times or 
when the deposition area is filled up to dimin
ish still further the risk of contamination. 
The result is a series of cells in which the 
refuse-soil mixt'-re is completely surrounded by 
a soil layer. 

After the disposal operations, a final cover is 
eoplaced and compacted. This cover consist of a 
;lay layer, a drainage layer and a top soil 
layer. Immediately after filling the disposal 
site is surrounded by a drainage system. 
Fig. 4.4.7 shows the actual concept for "De 
Minimis'* waste. The depth of the disposal site 
is kept at a minimum of 1 m above the local 
groundwater table. 
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Fig. 4.4.7 : Cross-section of "De Minimis" waste disposal s i te 
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5. REPORT OF THE CHEMICAL ENGINEERING DEPARTMENT 

5.1 STAFF 

5.2 MEMBRANE TECHNOLOGY AND APPLIED PHYSICO-CHEMISTRY 

5.2.1 Composite hollow fibres 

5.2.2 Ultrafiltration : Treatment of cutting oil emulsions 

5.2.3 Tubular membranes 

5.2.4 Immobilization techniques of bioactive species 

5.2.5 Diaphragms for chlor-alkali electrolysis 

5.2.6 Membrane distillation 

5.2.7 Waste characterization 

5.3 SEPARATION TECHNIQUES 

5.3.1 Sludge treatment research 

5.3.2 Aerosol trapping 

5.4 PROCESS TECHNOLOGY 

5.4.1 Materials tests in an atmospheric fluidized bed coal combustor 
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5.2 MEMBRANE TECHNOLOGY AND APPLIED PHYSICO-
CHEMISTRY 

5.2.1 Composite hollow fibres 

W. Doyen, R. Proost, R. Leysen; E. Bosnians, J. 
Mathys (DWI-Hasselt) 

The homemade heterogeneous hollow fibres are 
composed of 80 wt. % Zr02 and 20 wt. 1 poly-
sulfcne and have an internal/external diameter 
of 0.9/1.4 mm. With this type of fibres, 
several modules were made having surface areas 
of about 300 cm2. These modules have been 
characterized on their water flux and on their 
retention performance in the framework of a 
contract with the Flemish Gouvernment. 

The pure water flux measurements pe-formed at 
35°C with transmembrane pressure drops in the 
range between 40 and 120 kPa, gave a per
meability coefficient of 0.5 cm.min" .bar" . 
Using different molecular weight Dextran and 
PEG molecules at a eventration of 1000 ppm, 
retention measurements were carried out at 
three different trarsmembrane pressures. The 
results shown in Fig. 5.2.1, indicate an 
unexpected pressure dependency which will have 
to be clarified in the future. The correspond
ing cut-off value thus also appears pressure 
dependent with values ranging between 15,000 
Dalton at low transmembrane pressure and 
250,000 Dalton at high transmembrane pressure. 

Fig. 5.2.1 : Retention performance of the 
homemade hollow fibrj module at 35°C 

These heterogeneous hollow fibre modules have 
been tested on their potential use for the 
production of growth factors in perfusion 
reactors. Preliminary permeability exper
iments are performed with the growth factor 
Interleukine 2 (IL-2), prepared by Jurkatt 
cells, stimulated by Phorbolmyristateacetate 
(PMA) and Phytohemagylutinfne (PHA). The 
resulting IL-2 containing medium is pumped 
through the lumen of the fibres. The concen

trations measured in the lumenspace and in the 
extracapillary space (ECS), are in the order 
of 10 to 70 IE/ml. Substantial amounts of the 
IL-2 appear to gee adsorbed at the inner side 
of the fibres and also at the fibre walls. 
Even when the fibres are preadsorbed with 
foecal calf serum, still large amounts of the 
IL-2 get adsorbed. In concede-, these 
composite hollow fibres are not suitable for 
this specific application. 

The cut-off value w U h respect to protein 
molecules of these composite hollow fibres has 
been determined by using enzymes and protein-
enzyme conjugates. Conjugates with the 
following proteins : Ig G (150,000); Ig M 
(800,000) and Thyroglobuline (370,000 and 
700,000), are prepared using peroxidasf 
(40,000) as the enzyme. Also pure enzymes are 
used such as : microperoxidsse (2,000), 
peroxidase (40,000), alcaline phosphatase 
(80,000), e-galactosidase (135,000-540,000) 
and urease (240,000-480,000). The concen
tration of the enzymes and enzymes conjugates 
in retentate or permeate, are measured by a 
colour reaction. Four different modules, two 
potted with an epoxy resit, and two with a 
polyurethane resin, are tested. The fibre 
type used has a cut-off value of about 15,000 
Dalton with respect to dextran molecules. 
When using the enzyme methods described above, 
the cut-off value increased to 40,000 for the 
polyurethane potted module anr to 500,000 for 
the epoxy potted modules. Thjse results seem 
to indicate the existence of internal leakages 
for the epoxy resin potted modules. There is 
thus a need for improvement of the potting 
procedure of these modules. 

Cell fermentation measurements have been 
firstly checked on a commercial hollow fibre 
module (type Zymax 0.2 um, Microgon). Using 
Mice Hybridoma cells (400,000 cells/ml) for 
inoculation, no clear cell proliferation is 
observed during sarin nq after 3 and 6 days. 
This might be cause- uj a too high perfusion 
rate or another to be optimized growth con
dition. 

Subsequently, identical cell growth exper
iment; are undertaken with the composite 
hollow fibre modules, potted with a polyur-
et^.ane resin. Different set-up configur
ations, with serum supply either in the lumen 
or in the extracapillary space gave a large 
decrease if cell concentration. Bad 0^ and 
C0p transport, or the presence of osmotic 
phenomena (low cut-off value of the fibres), 
and leakages are so many explanations for the 
obtained results. 

Conclusively, it will be necessary in the 
future to produce hollow fibre with higher 
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cut-cff values and to assemble them 'n modules 
with appropriate potting technique in order 
to prevent leaks. 

5.2.2 Ultrafiltration : Treatment of cutting 
oil emulsions 

V. Coyen, R. Proost, R- Leysen; K. Mees (HIK 
G-el) 

The investigation has been proceeded on the 
potential of a membrane as coalescent medium 
foi finely dispersed oil droplets in order to 
recover the oil from cutting-oil emulsions. In 
contrast with earlier experiments reported in 
BLG 601, fresh non-used cutting oil emulsions 
have yet been used. The experiments are 
performed in the same DDS minilab 10 system, 
as used in the previous study. The process 
conditions are : temperature 35°C; recircu
lation rate 1.2 m.s . In addition tc the 
earlier checked membrane types, namely GR 51 
PF (polysulphone from ÛDS; and SCK 80/20 
(composite membrane 80 wt. % Zr02 20 wt. % 
pclysulfone), a third type now has been used. 
The latter is quoted to be type FS50PP (a 
grafted fluoropolymer from DDS). In principle 
the earlier types do have a similar cut-off 
value of approximately 8C k Dalton. 

The three types of membranes show a linear 
relation between their pure water flux and the 
transmembrane pressure in the range 0 to 500 
kFa, The corresponding permeability coef
ficients are given in Table 5.2.2.a. 

Membrane Type 

DOS GR 51 PP 
ODS FS 50 PP 
SCK 80 wt. % 

20 wt. % 
2r02 

PS F 

P* rmeabi l i ty coe f f i c i en t 
(cm.rnir"-' -bar"-') 

0.152 
0.065 
0.188 
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Fig. 5.2.2.a : Fouling of GR 51 PP membrane 

membranes under constant oil-water emulsion 
concentration. The process flux-time behav
iour for the DDS membrane GR 51 PP is given in 
Fig. 5.2.2.a (30,000 ppm o i l in water cone). 
This experiment starts with an intermittent 
operating mode of 8 hours of operation, 
followed by 16 hours of interruption per day. 
After each interruption period a f lux decrease 
is observed which appears to be proportional 
to the number of interrupted hours (weekend 
versus overnight interruption). The decrease 
rate of the process flux during these inter
mittent operations is similar to that observed 
during the subsequent continuous operating 
mode. I t is about 0.7 2/h. On the other 
hand, for the ZK^-loaded SCK-membrane type 
80/20 (see Fig. 5.2.2.b) there is no process 
flux decrease in both the continuous and the 
intermittent mode of operation. The absence 
of any process flux decrease for the type SCK 
80/20 is even so for a concentration of 
400,000 ppm o i l in water emulsions. Both 
membranes show a similar oi l -retention of 
nearly 100 %, The SCK 80/20 type is thus 
clearly better fouling resistant than the GR 
51 PP type. 

T^ble 5.2.2.a : Permeability coefficients for 
the three different membranes 

As shown earl ier (Fig. 5.2.1.a BLG 601), the 
relation between flux and transmembrane 
pressure levels off for oil-water emulsions. 
The c r i t i ca l pressure value where the process 
flux does not any more increase signif icant ly 
at increasing transmembrane pressure is taken 
as the working pressure. Experiments with the 
three types of membranes for emulsion concen
trations of 10,000, 30,000 and 100,100 ppm o i l 
in water show this c r i t i ca l pressure having a 
practical value of 200 kPa. 

Subsequently, fouling phenomena have been 
investigated for the two f i r s t types of 
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Fig. 5.2.2.b : Absence of fouling for SCK 
composite membrane 
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Further experiments on the performance of 
three types of membranes have been performed 
with a cutting-oil emulsion feed concentration 
equal to 30,000 ppm oil in water, a value 
similar to the commonly used concentration in 
cutting-oil emulsions. Under the same process 
conditions as mentioned above, the oil-concen
tration is increased to a concentration, 
reaching the gel-concentration, at which the 
flux becomes nearly zero. The results are 
given in Fig. 5.2.2.C. 

The mass transfer coefficients for the three 
types of membranes thus determined are given 
in Table 5.2.2.b. 

Membrane Type 

DDS GR 51 PP 
DOS FS 50 PP 
SCK 80 wt. % 

20 wt. % 
Zr02 

PSF 

Mass transfer coefficient 
(cm.min"1) 

0.020 
0.038 
0.0b6 

Fig. 5.2.2.C : Ultrafiltration of an oil-water 
mixture 

As can be seen from this figure there is a 
logarithmic relation between the process 
fluxes and the retentate- or bulk concen
trations, [epending on the kind of membrane, 
different initial process fluxes declining to 
nearly the same gel concentration, are ob
served (+ 47 % oil/water). These re ults are 
in good agreement with expression (1), which 
gives the relation between the process flux, 
the bulk- and the gel concentration. 

J = K . In 
Cg 

Cb 
(1) 

where J = the process flux 
K = mass transfer coefficient 
Cg = gel concentration 
Cb = bulk concentration 

Table 5.2.2.b : Mass transfer coefficient for 
thre^ .Tienbranes 

5.2.3 Tubular membranes 

W. Doyen, R. Proost, R. Leysen 

Up to now, the SCK composite ultrafiltration 
membranes were developed in thr flat sheet and 
hollow fibre form. To broaden the aoplication 
range it is interesting t develop membranes 
in the tubular form too. In this way the SCK 
composite memtrane manufacturing technique is 
becoming available in the three configuration 
forms for ultrafiltration : flat sheet, hollow 
fibre, tubular. 

Fig. 5.2.3 : SEM-picture of cross-section of 
tubular membrane 
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In a tubular membrane, the mechanical?y active 
material is deposited on the inner side of a 
supporting tube made from porous ceramic or 
organic compounds. Preliminary tests were 
carried out with porous supporting tube with 
and inner/outer diameter of 6/10 mm. The 
first characterization tests of the realized 
tubes (see Fig. 5.2.3) proved that the prop
erties of the flat sheet membranes could be 
repeated. 

5.2.4 Immobilization techniques of bioactive 
species 

C. De Brandt, M. Leynen, b. Taghavi; M. 
Mergeay (Biology Department) 

Biological experiments with membranes contain
ing immobilized AE7-li',,ing cells do confirm 
the preliminary results obtained with other 
microorganisms : the biological active ma
terials stay active in several membranes made 
of different materials. Of special importance 
seems to be the use of zirconium oxide as 
inorganic substrate material for the oacteria. 
Short-term experiments with these ZK^-based 
membranes use a colouring reaction to indicate 
the biological activity. The results obtained 
thus far are promising. 

Contamination of the surfaces of the membranes 
by foreign microorganisms has always been a 
problem. Ster^ization of the surfaces with 
UV-light seems to be very effective in order 
to solve this problem. After such a pretreat-
ment of the menbranes, they only show biologi
cal activity in the bulk of the membrane. 

It is now the ir'ention to perform some 
small-scale laboratory tests with immobilized 
bacteria in a flow-through batch type reactor. 

5.2.5 Diaphragms for chlor-alkal i electrolysis 

R. Leysen, Ph. Vermeiren and W. Adriansens 

During laboratory testing the stability of the 
ZrOp-PTFE diaphragm has been constant over the 
total test period of 8 months. 

Another type of diaphragm has been developed. 
The surface layer of this diaphragm has a 
composition and structure different from the 
bulk of the diaphragm. The main purpose of 
this new development was to reduce the voltage 
drop across the diaphragm. 

Fig. 5.2.5 shows a cross-section of such a 
multilayer diaphragm. With this diaphragm, a 
reduction of the voltage drop could be ob
tained, but on the other hand current ef
ficiency became lower and the permeability too 
high. 

Fig. 5.2.5 Cross-section of a multilayered 
ZrO^-PTFE diaphragm 

Recently it was als. found that by using a 
proper wetting procedure for a specific type 
of diaphragm, a reduction of cell voltage of 
100-250 mV could be obtained. However per
meability increased by a factor 2.5 and 
current efficiency decreased with 1-3 %. 

The energy consumption of diaphragms with the 
right permeability as required for commercial 
operation are still too far from target. An 
increase of cost and time is expected, effect
ing the cost/profit ratio of the project. For 
that reason, the industrial is considering to 
stop the cooperative developmen work. 

5.2.6 Membrane distillation 

R. Leysen, W. Doyen; R. Geens (KIH De Nayer) 

Membrane distillation is a membrane process 
which has been investigated and described in 
hterature during the last few years (1-2). 
The working principle is as follows : A 
microporous hydrophobic membrane separates two 
aqueous solutions at different temperatures 
and as a result of a difference in vapour 
pressure, a selective mass transfer across the 
membrane takes place. Due to the hydro-
phobicity of the membrane, aqueous solutions 
can not be transported across the membrane and 
only vapour molecules are being transferred 
through the pores of the membrane from the 
warm side to the cold side. At the cold side 
these vapour molecules condensate. In this 
way this process is comparable with normal 
distillation comprising the steps of evapor
ation, transport and condensation. 

The potential of this technique is investi
gated in the experimental set-up, shown in 
Fig. 5.2.6.a. 
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In accordance with the work of E. Drioli et 
al.(2), this relationship can be described by 
the equation : 

0 - Km . AP (1) 

where Km is the apparent membrane coefficient 
depending on module configuration, membrane 
cha-acteristics and operating conditions. Km 
equals 1.43 x 10"3 m'/m'.day.mm Hg in the case 
of a 9.6 mol. % KOH-solution. 

Fig. 5.2.6.C shows the distillate flux as a 
function of concentration of the KOH solution 
for different water vapour pressure differ
ences. When the concentration exceeds a 
certain value, the flux decreases gradually. 

Fig. 5.2.6.a : Schematic view of the "Thermc-
vaporation" experimental set-up 

In these experiments, two flat Teflon mem
branes with a mean pore diameter of 0.2 um are 
used. The surface area of both membranes is 
about 200 cmz. The temperatures of the KOH 
solution and water have been measured just 
before and after the "membrane cell" and the 
average value of both measurements has been 
taken as the representative temperature for 
the warm (KOH) and cold (H20) side respect
ively. The KOH-concentration in the solution 
is either 3.1 or 9.6 or 15 mol. %. From the 
results, shown in Fig. 5.2.6.b, it is clear 
that the distillate (water)flux J is pro
portional to the vapour pressure difference 
over the membrane. 
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Fig. 5.2.6.C : Distillate flux as a function 
of concentration 

This decrease in flux can perhaps be explained 
by the building-up of a double layer against 
the membrane surface at the warm electrolyte 
side. This phenomenon can be taken into 
account by changing equation (1) into : 

J = 
AP 

RM
 + R D ' C ' 

(2) 

Fig.. 5.2.6.b : Distillate flux versus vapour 
pressure difference 

In equation (2), the apparent membrane coef
ficient fy is expressed as the reverse of the 
sum of a concentration independent term (R^), 
and a solution concentration (C) dependent 
t..-m R D(C). At low concentrations, Rp(C) « RH 

and equation (2) reduces to J = AP/RH. At 
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larger concentration, R Q ' C ) becomes more and 
more important. If this tent; is approximated 
by an exponential function : R0(C) = e

a b (a 
and b are constants), the experimental data in 
Fig. 5.2.6.C can be explained. The same kind 
of experiments with other solutions and other 
types of membranes are now under study. 

References 
(1) A.S. Jb'nsson et al, Desalination, 56 237 

(1985). 
(I) E. Drioli and Wu. Younglie, "Membrane 

Distillation For Aqueous Solutions" in 
"Membrane Phenomena and Processes", Eds. 
T.Z. Winnicki and A.M. Mika, Techn. Univ. 
of Wroclaw, Poland (1986). 

5.2.7 Waste characterization 

H. Elslander, P. Geuzens, A. Joosten 

Municipal waste incineration ashes are further 
evaluated on their recycling potentials on 
behalf of OVAM (Flemish Authority for Waste 
Products). A large quantity of samples taken 
from five Flemish municipal waste incineration 
plants are extensively characterized to 
determine their physical and chemical prop
erties as there are particle size distri
bution, specific surface area, heavy metal 
content, leaching conditions. In this way the 
environmental effects of reusing these ashes 
can be evaluated. This experimental assess
ment is focussed on the potential valorization 
applications of municipal waste ashes. In 
this investigation are considered : 
- various valorization possibilities in road 

construction, namely for road foundation, 
under road construction and possibility as 
filler in the concrete structure; 

- similar valorization possibilities in 
building construction; 

- valorization as soil improvement for agri
culture purposes; 

- intensive materials recycling. 

The results obtained have been compiled in 
final report. On the basis of the collected 
information, a proposition for legislation is 
being prepared related to the constraints of 
application of municipal waste incineration 
ashes for road construction and for other 
waste recycling techniques. 

On behalf of industrial clients, the leaching 
behaviour of a few industrial sludges and 
solid waste products has been determined in 
order to examine the potential of land dis
posal. 

5.3 SEPARATION TECHNIQUES 

5.3.1 Sludge treatment research 

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

On behalf of the Ministry of Public Works, 
Waterways Department, a splitting technique 
for the sludge dredged from the GhentTerneuzen 
canal is investigated. Therefore a 5-inch 
Mozley-hydrocyclone with an operational 
capacity of about 20 m3/h was installed to 
treat immediately the dredged sludge. Within 
a certain range of accuracy mass balances were 
calculated. These experiments were carried 
out at different upper- to underflow ratios 
obtained by various sets of hydrocyclone 
parameters. At each experimental condition 
the feed, the under- and upperflow were 
sampled to examine their chenical and physical 
characteristics. The analytical results are 
presented as a function of the upper- to 
underflow ratio (B/0). 
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Fig. 5.3.1 : Impurities in under- and upper-
flow 

Fig. 5.3.1 shows the distr ibution of zinc and 
benzo(a)pyrene as a function of this B/0 
ra t io . I t appears that a sludge feed can be 
separated by a hydrocyclone in a relat ively 
dean fraction (the underflow) and a more 
polluted overflow. The operational value for 
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this B/0 ratio, depends on one hand on the 
dumping threshold for the most critical 
component in the underflow and on the rvther 
hand on the economical constraint of a maximal 
volume reduction (corresponding to a miniital 
B/0 ratio). For the Ghent-Terneuzen sludge 
samples, the operational B/0 ratio appears to 
be situated between 0.5 and 15 kg/kg. Further 
optimization of the hydrocyclcne splitting 
process is needed to narrow this operation 
range by suitable pretreatment of the sludge 
or by site specific operating conditions. 

This study has revealed for the first time 
that PAH-concentration in a sludge fraction 
shows the same B/0-ratio dependence as the 
metal concentration. A better knowledge of 
the equilibria between the sludge particles 
and the water phase for any hazardous com
ponent will thus allow to determine an overall 
optimization of the volume reduction feasible 
by one or two hydrocyclone splitting oper
ations. The underflow can be deposited 
without additional treatment. The resulting 
overflow has further to be treated according 
to technioues the technico-economical feasi
bility of which is under investigation. 

5.3.2 Aerosol trapping 

C. Weyers, W. Goossens 

Within a tripartite arrangement, the Multi-
Ejector-Venturi (MEV R ) is developed as a 
suitable tool for the removal of submicronic 
particles from any industrial gas stream. 
Design data for particles smaller than 0.5 urn 
have been obtained in the EV-1000 unit. 
Therefore, an artificial aerosol of particles 
has been applied by dispersing a methyl blue 
solution. The resulting aerosols are in the 
size range 0.2 to 0.35 urn. The trapping 
efficiency fluctuated from 90 to 98 % depend
ing on the experimental conditions. Also the 
influence of the ejector dimensions on the 
trapping efficiency has been determined this 
way. 

After these laboratory experiments, the 
EV-1000 unit has been assembled in by-pass on 
an industrial off-gas effluent from a glass 
plant. This off-gas is loaded with very fine 
particles (Dgg ^ 0.11 urn) of metallic oxide 
and acid vapour. The particle loading is 
about 2 g.Nm"3. The absorption efficiency for 
the acid was higher than 99 %. The trapping 
efficiency increased from 90 to 97 % with 
increasing liquid pressure supplied to the 
ejector. 

These investigations fur.ded by tiie Vlaamse 
Executieve (Flemish Government), were sup
plemented by engineering studies of gaseous 

effluent treatment designs for two types of 
waste incinerators of the institute. In the 
meantime, the industrial partner started the 
construction of a MEV-demonstration unit with 
a throughput of 6000 m 3h _ 1. This unit can be 
easily dismantled in order to use it for 
on-site testing at different industrial 
locations. It consists of four EV-1500-
elements with a throughput of 1500 m'lT1 or 
two EV-3000 elements with a throughput of 3000 
m'h . The venturi elements are made of 
special reinforced polyester resins fabricated 
by advanced technological means. 

The actual development of the MEV allows to 
approach different potential industrial users 
and manufacturing companies. 

This scale-up industrial development investi
gation has been performed by using monodis-
perse or polydisperse aerosol generators at a 
throughput range from 20 ml h"' to 100 1 h"1 

aerosol suspension. Aerosols in the gas 
stream were characterized after suitable 
sampling with the help of a cascade impactor, 
various types of filters, and a laser-beam 
spectrometer. 

5.4 PROCESS TECHNOLOGY 

5.4.1 Materials tests in an atmospheric 
fluidized bed coal combuster and in a fluid-
ized bed coal gasification test rig 

W. Engelen, P. Heylen, G. Wouters 

The objective of the S.C.K./C.E.N, contri
bution to the project is to support and verify 
by in-plant experiments the erosion-corrosion 
models developed by the Cranfield Institute of 
Technology. The in-plant experiments are 
being carried out respectively in a 40 MWth 
atmospheric fluidized bed boiler, owned and 
operated by the Kempense Steenkoolmijnen, and 
in a fluidized bed coal gasification test rig, 
being built by S.C.K./C.E.N, for material and 
hot gas cleaning tests. 

The 40 MWth atmospheric fluidized bed com-
bustor of the Kempense Steenkoolmijnen has 
received a general inspection during the 
summer shutdown and some components have been 
replaced or modified. Due to these modific
ation works the characterization of the 
combustor environment has been postponed. The 
in-bed particles, previously sampled have been 
further characterized with respect to chemical 
composition and melting point. 

During this reporting period the main effort 
has been put on the construction and the 
mounting of the fluidized bed coal gasifi
cation test rig with a nominal throughput of 
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5 kg coal pro hour. The supplies and distri
bution systems o* the different utilities have 
been installed. Pressure, flow control and 
pneumatic block valves ha/e been mounted on 
the gas supply and exhaust systems and on the 
ash removal containers. Extensive instrumen
tation equipment has been mounted. A flare on 
the coal exhaust gas and various inertization 
systems on critical parts have been installed. 
An explosion relief v=tlve and a pressure 
bursting disc have been mounted on the gas-
ifier. Flanro'bility and toxic gas detection 
systems have been installed around the instal
lation as safety precaution measures. A 
general view of this coal gasification test 
rig is given in Fig. 5.4.1. 

Fig. 5.4.1 : General view on gasification test 
rig 

A safety assessment report has been written 
and submitted to an external expert and to the 
controlling services and authorities. Their 
remarks have been taken into account during 
construction of the installation. 

5.4.2 Process techniques for waste products 

H. Elslander, P. Geuzens 

On behalf of OVAM (Flemish Authority for Waste 
Products), the combustion of fuel contaminated 
at a low level with K B is further investi
gated. Various incineration tests are per
formed in a conventional central heating 
boiler. The destruction of the PCB present in 
the fuel is evaluated on the basis of suitable 
sampling and analysis. Further optimization 
of the sampling method for residua1 PCB's and 
other chlorinated hydrocarbons in flue gas is 
being developed. 

Succeeding the assessment study of municipal 
waste composting, the use of a bio-filter for 
the odour abatement at an organic waste site 
is examined. The biodegradability of the main 
odour components occurring during composting 
is firstly investigated in the laboratory. 
A reliable on-line sampling technique for the 
volatile fatty acids in the off-gases of the 
biofilter is developed. This sampling and 
analysis technique will also be used lattr for 
the on-line monitoring of the performance of 
the biofilter installation foreseen at the 
existing municipal waste composting plant. 

5.4.3 Rotating Cylinder Electrode Reactor 

R. Craps, C. Van der Poorten 

In the framework of a contract sponsored by 
the Flemish Government, further research was 
carried out on the selective recovery of a 
metal from a spent process solution and the 
continuous refining of a metal by means of a 
Rotating Cylinder Electrode (RCE). 

As a result of an extensive study to determine 
well-defined correlations between the applied 
electrochemical conditions and the obtained 
results, it was found that for a batch 
system, a polarization curve, registrated in a 
specific solution at a given rotation speed, 
is the most simple and efficient method to : 
- characterize the spent process solution, 

e.g. the metal impurity concentration; 
- define the best working conditions; hereby 

are understood these conditions which gave 
the best results in terms of maximum metal 
and solution recovery. 

Special attention has also been given to the 
study of the reproducibility of the results. 
It was confirmed that an well defined pre-
treatmc.it of the RCE is a necessity to obtain 
an acceptable reproducibility. Small differ
ences in the polarization curves or in the 
measured cell current-time data are of negli
gible influence on the amount of the material 

http://treatmc.it
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recovered for a fixed treatment-time (de
pletion until ppm-range). 

These small batch experiments (̂  850 ml 
solution) have been complemented with larger-
scale ooerations. A first step in this 
direction has been the one-step treatment of 7 
liters of spent solution in a flow-through 
reactor with reservoir. A successful recovery 
of 2 g of an impurity until 1 ppm rest concen
tration (Tig. 5.4.3.) was obtained at a 
relatively high mean current density and an 
acceptable current efficiency. Compared with 
an analogous batch treatment of the same 
amount of electrolyte, it was found that for 
the flow-through experiment : 
- the time needed for complete depletion (1 

ppm) is decreased; 
- the mean current density is higher; 
- the current efficiency is somewhat lower. 
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Fig. 5.4.3. : Concentration-time character
istics of the batch experiment with reservoir 

Also the research on the continuous refining 
of a metal within a RCE-reactor has been 
continued. Further optimization of the 
flow-through system and the working conditions 
was carried out. Special efforts were per
formed to decrease the total cell voltage; a 
saving of 15 % was realized. 

At the end of 1987, the applicability study of 
the RCE-reactor for the two operations men
tioned has been finished. An elaborate report 
(1) about the results of this study was sent 
to the Flemish Government. The very promising 
results have led to a prolongation of the 
contract. The research will be further 
focussed on the scaling-up problem and the 
extension of the experiments from synthetic to 
industrial solutions. 

Reference 
(1) Vorderingsver^lag : "De roterende cilin

der elektrode reactor", R. Craps, C. Van 
der Poorten, November 1987 

5.4.4 Upstream fuel cell technology 

P. Geuzens, R. Deknock 

On behalf of Elenco, a fully integrated 
CC^-absorber for proper conditioning of the 
inlet combustion air of the Elenco fuel cell 
is being developed. This project is financed 
by the European Connission as part of the 
non-nuclear energy R&D programme. The third 
progress report was prepared and transmitted 
to the European Commission. In this report 
attention was paid to further experimental 
absorption tests in modules with flat and 
hoi",ow fibre membranes. An economic evalu
ation was made of this type of CD2 absorption 
in relation to conventional absorption tech
niques, such as a packed bed of soda lime. 

Gas purification 

5.5 PROCESS ENGINEERING 

5.5.1 COC-HAWAI Project 
line 

G. Van Houte 

Most of the apparatus necessary for the 
cooling and purification of the gases coming 
from the new projected Hawai incinerator for 
the burning of light radioactive or/and 
industrial hazardous waste have been chosen 
and dimensioned. Those are the gas-gas heat 
exchanger and the water evaporative cooler for 
which the orders and charge books have been 
prepared. 

Two devices remained to be chosen, namely the 
bag filter installation and the washing tower. 
For the bag filters complete off-line cleaning 
has been compared with semi off-line cleaning. 
In the complete off-line option, each fil
tration chamber is isolated by the addition of 
electromagnetic valves at the entry of the 
closed compartments and by an individual 
evacuation system for the dust under each 
hopper of each chamber. Dust removal ef
ficiency and the back-wash operations being 
identical to the semi off-line option, the 
complete off-line system offers as main 
advantage the possibility to make an inter
vention in a particular chamber after closing 
of the valves, without stopping the filtration 
operations of the other chambers. In con
clusion of this assessment study, the semi 
off-line option has been preferred as it is 
less expensive and shows less risks for 
misoperation (for example a blocking of the 
valves at the entry of the chambers). In this 
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case, a single evacuation screw common to all 
the hoppers is sufficient. Teflon bags were 
chosen for the filtering and stainless steel 
as construction materials for the chamber 
walls and piping. These materials have 
demonstrated satisfactory reliability *nd 
corrosion resistance in another incinerator 
functioning in the SCK from the year eightyone 
(FLK 60). 

The conceived bag filter installation will 
work at 200°C and the walls of the hoppers 
will be electrically heated to avoid any 
condensation of acid gases. The total surface 
of the filters has been dimensioned to guaran
tee the dust content at t..e outlet to be lower 
than 1 mg/Nm3 gas. 

For the gas washing unit, the performance of 
the well known packing tower scrubber has been 
compared with the possibilities of multi-
ejector venturi, an advanced scrubber recently 
developed by SCK/CEN jointly with a private 
manufacturer. In the packing tower, the 
washing liquor can be pumped at low energy 
consumption per cubic meter of gas treated, 
but the pressure drop of the gases through the 
column is relatively high (about 3 kPa). High 
gas washing efficiencies are obtainable, but 
dust and flue ash washing is low to very low 
for submicronic particles. 

The MEV was originally deve^ped with the aim 
to combine an excellent gas neutralization 
(more than 99 % for S02 and HC1) with a high 
aerosol and flue dust trapping efficiency. 
Dust trapping efficiencies of 90 to 99 % 
depending on the particles size (a particle 
size mean diameter of 0.3 urn for the smallest 
particles) were obtained in industrial working 
conditions. In the gas stream, the MEV 
results in a pressure rise instead of a 
pressure drop. This is its major advantage in 
the perspective to reduce the power of the 
extraction ventilator positioned after the MEV 
at the end of the gas purification line. 

The MEV was finally chosen as washing unit for 
its filtration capability offering a redundant 
double filtration barrier (bag filters follow
ed by a MEV Unit). This redundancy is pre
ferred for safety reasons in an incinerator 
which is aimed to burn radioactive waste and 
hazardous chemicals. In the incidental case 
of bag filter failure or cooling tower dis-
functioning, the MEV preceeded by a quencher 
permits to stop the incinerator without dust 
overload at the chimney. 

5.5.2 Synchrotron for physicochemicl charac
terization 

G. Van Houte 

The SCK/CEN and BCMN started to investigate 
together the feasibility of a synchrotron 
accelerator of middle-high power (1 GeV) 
coupled with the existing linear accelerator 
at the BCMN site in Geel. A first technical 
document is being prepared presenting the 
so-called project 'IL!S° (Intern Light 
Source). The chapter on the usability of this 
synchrotron for physicochemical characteriz
ation is being documented by the chemical 
engineering department. 

The application domains in the process in
dustry extends into all the sectors of modern 
society such as electrochemistry, polymers, 
fine chemicals, amorphous materials, ceramics, 
coupled molecules (e.g. biological molecules), 
semiconductors, catalysis. In catalysis, the 
microstructure of the active phase can be 
analysed at the interatomic level, specially 
by the EXAFS method (Extended X-ray absorption 
Fine Structure). Highly dispersed elements 
and highly diluted elements such as in semi
conductors, can be detected in short recording 
times (a fevi minutes) due to the high inten
sity and the high brilliance in a very large 
spectrum of the synchrotron radiation (from UV 
to hard X-ray). 

5.5.3 Catalytical reduction of N0X 

G. Van Houte 

The N0X catalysts that were developed in
itially at the SCK/CEN for the selective 
catalytic reduction of N0X by ammonia are 
being modified with the aim to extend their 
application to other domains of N0X treating, 
for example, to car exhaust gas treatment. 

Various elements are added to the original 
catalysts with the aim to improve or modify 
the catalytic properties without making use of 
any precious metal such as Pt, Rh, Ir. The 
latter are very expensive and only produced in 
two countries of the world, namely South 
Africa and USSR. The results obtained with 
the modified catalysts show that the simul
taneous treatment of N0X mixed with unburnt 
gases like CO or hydrocarbons is possible in 
reducing as well as in oxidizing atmospheres. 
Experimentation on motor test banks gave 
interesting results in this direction but up 
to now the biggest problem remains the coke 
formation and the plugging of the pores of the 
catalysts under real exhaust conditions. 
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5.5.4 Environmental safety assessment of 
industrial plants 

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

In the framework of the legislation concerning 
the risks on major accidents in certain 
industrial activities, the so-called post-
Seveso CEC-directive, environmental safety 
analyses are being performed on behalf of 
industrial clients. Fron 1987 on, these 
studies are being carried out by a new inde
pendent organisation "v.z.w. Milieu en Veilig
heid". For a large plant of the agro-indus
trial sector, such ar. environmental safety 
analysis has been perfcmed with suspect to 
accidental releases of toxic products from 
spills and fires. The analysis of dust 
explosion risks is being jointly carried out 
with the University of Leuven (K.U.L.). 

Another safety analysis is being carried out 
on behalf of a producer of chlorinated cyclic 
hydrocarbons. The items being covered are 
spills from storage tanks and process units, 
run-away reactions and fires of stored or 
processed inflammable products. The fire risk 
analysis is being carried out by an external 
technical consultant, a private consultant 
company specialized in fire and explosion 
risks. 

A safety analysis consists mainly of four 
basic steps : selection of the installations 
under risk, identification of potential 
accidents, quantification of the consequences 
of maximum credible accidents and finally 
identification of risk reduction measures. 
Installations at risk are selected using risk 
indexing methods. Identification of potential 
accidents is carried out by using check ?fsts 
or hazard analysis techniques. The conse
quences of potential accidents are quantified 
in two steps : quantification of the source 
term followed by dispersion calculations, 
giving the environmental impact of the acci
dents. 
Source term calculations are made by using 
internationally accepted standard procedures 
and an internally developed -elease calcu-
lati ,n programme. Atmospheric dispersion 
calculations are carried out at the Health 
Physics Department using home developed 
dispersion models, as e.g. the IFDM (immission 
frequency distribution model) and the IRFDMtfG 
(an extended IFDM version taking into account 
chemical reactions and dry and wet deposition) 
models. Finally the effect of risk reduction 
measures can be evaluated using indexing 
methods (a qualitative approach) or by using 
quantitative fault- and event tree analysis 
techniques. 

5.5.5 Auditing of industrial plants 

G. Van Houte, G. Wouters 

On request of "v.z.w. Milieu en Veiligheid", 
the SO;? and dust emission of a non-ferro 
metallurgical roasting furnace has been 
evaluated with respect to the performance and 
reliab'lity of the proposed emission reduction 
system. Also the process technical conse
quences of emission concentration limits 
imposed by the authorities have been assessed 
using flowsheet analysis and process engineer
ing techniques. 

5.5.6 Assessment of soil management 

A. Faseur, P. Geuzens, L. Kinnaer; J. Patyn 
(Nuclear Chemistry); F. Veroustraete (Analyti
cal Chemistry) 

On behalf of the Flemish Government (Admini
stratie voor Ruimtelijke Ordening en Leef
milieu) a comprehensive report is being 
prepared as a technical and scientific basis 
for developing a consistent soil management in 
Flanders. 

In the initial phase, the paper study was 
concentrated on the summing up, the descrip
tion and the formulation of the activities 
influencing the soil quality and hence the 
scientific and technological knowledge in 
relation to soil protection. Later on, the 
problem has been approached in a rational way 
in order to formulate an acceptable definition 
of the soil concept, taken into account all 
possible soil parts which are potentially 
polluted. On the baiis of the social and 
economic importance, soil "application" and 
"consumption", and general soil diffusion 
phenomena, the following main items hava been 
chosen for assessment in relation to soil 
utilization : 

- Agricultural land use; 
- Management of Nature and Environment; 
- Recreation and Tourism; 
- Traffic and Transport; 
- Landfill disposal of Solid Waste; 
- Industrial Activities; 
- Juridical aspects in the Flemish Region; 
- Soil protection policy in some EC-countries. 

For each main item the following aspects are 
discussed : 
- characteristics of the problem; 
- knowledge gaps related to the influence of 

the item under consideration on the soil 
quality; 

- recommendations for actions to mitigate 
harmful activities; 

- possible elements for protective soil 
management. 
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In co-operation with Lisec, a specific re
search proposal has been worked out for a 
consistent approach of the decontamination 
problem of soils contaminated with cadmium. 

5.6 PUBLICATIONS, REPORTS, LECTURES 

5.6.1 Pub!ications 

Gebruik van floccuiantia in de Waterbehan
deling 
A. FASEUR, J.G. JANSSENS 
Water, November/December, nr.37, 1987 

The use of heterogeneous membranes in electro
chemical systems 
R. LEYSEN, W. DOYEN, R. PROOST, Ph. VERMEIREN, 
W. ADRIANSENS and R. DEKNOCK 
in "Synthetic Polymeric Membranes", pp.89-99, 
Eds. B. Sedlàcek and J. Kachovec, W. De 
Gruyter, Berlin (1987). 

5.6.2 Lectures 

The RJD/Production Interface : An Empirical 
Study in four Belgian companies 
A. FASEUR, A. DE MEYER 
Conference on Strategic Management of Tech
nology, 7-9 July 1987, INSEAD, Fontainebleau, 
France 

The behaviour of an anodically charged disper
sion electrode 
R. CRAPS, C. VAN DER POORTEN 
38th Meeting of the ISE, Maastricht, The 
Netherlands, September 13-18 (1987) 

Evaluation of a zirconium oxide - PTFE dia
phragm for the Chlor-alkali electrolysis 
Ph. VERMEIREN, W. ADRIANSENS, R. LEYSEN and J . 
ODEKERKEN 
38th Meeting of the ISE, Maastricht, The 
Netherlands, September 13-18 (1987) 

Composite membranes for u l t r a f i l t r a t i on 
R. LEYSEN, W. DOYEN and R. PROOST 
Forum for Applied 3iotechnology, Gent, 1 
October (1987) 

Development of a ceramic high-temperature self 
recuperative burner for corrosive environments 
G. WOUTERS, Prof. J. HENRIETTE (Faculté 
Polytechnique de Mons) 
CEC-cont actors meeting on Heat Exchanger 
Research, Brussels, 6 October (1987) 

Huisvuilcompostering (en wetgeving terzake) 
P. GEUZENS 
Afvalgassen en geurhinder in de agro-sector, 
R.U.G. 2 December (1987) 

SO ,̂ N0X- en stofbestrijdingstechnieken b i j 
industriële instal lat ies 
W.R.A. GOOSSENS 
Studieaag Luchtverontreinigende Emissies, Mol, 
5 November (1987) 

bestrijding van Rookgasemissies (SO^, NOx, 
Stof) : Technische en Economische Aspecten 
W.R.A. GOOSSENS 
SESO, Antwerpen, 11 December (1987) 

5.6.3 Reports 

Gebruik van heterogene membranen, onder de 
vorm van holle vezels, voor de productie van 
cellulaire groeifactoren 
W. DOYEN, R. LEYSEN, E. BOSMANS and J. MATHYS 
Halfjaarlijks verslag Vlaamse Executieve, July 
(1987) 

Zeekanaal naar Gent - Studieopdracht voor 
onderzoek van een behandelingsmethode op basis 
van scheiden in fracties van baggerslib 
A. FASEUR, L. KINNAER 
Eindrapport, July (1987) 

Multi Ejector Venturi Aerosolfiltratie 
C. WEYERS, W.R.A. GOOSSENS 
Halfjaarlijks verslag Januari-Juni 1987, (Aug. 
1987) 

De roterende ci l inder elektrode reactor 
R. CRAPS, C. VAN DER POORTEN 
Vorderingsverslag, November (1987) 

Modelling of erosion-corrosion processes in 
energy conversion systems 
Model ver i f icat ion by in-plant experiments 
P. HEYLEN, W.R.A. GOOSSENS, G. WOUTERS 
Progress Report, December (1987) 

Ontwikkeling van geoptimaliseerde ^ - v e r 
wijdering voor alkalische waterstof-lucht 
brandstofcel traktietoepassingen 
P. GEUZENS 
3de vorderingsverslag, December (1987) 

5.6.4. Patents 

Werkwijze voor de vervaardiging van een 
membraan bestaande uit polyantimoonzuurpoeder 
en een organisch bindmiddel 
R. LEYSEN, Ph. VERMEIREN, L. BAETSLE, G. 
SPAEPEN and J.B. H. VANDENBORRE 
Norwegian Patent, No. 156.457, granted on 23 
September 1987 

Gas treating device 
C. WEYERS, M. KLEIN, W.R.A. GOOSSENS 
USA Patent 4701 194 granted October 20, 1987 
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6 . 2 . SHORT-TERM AND LONG-TERM EFFECTS OF 

IONIZING RADIATION 

6 . 2 . 1 . Inf luence of age on tumor induct ion by 
rad ia t i on alone or combined wi th a chemical 
carcinogen 

J.R. Mais in , L. de Saint-Georges, M. Janowski, 
M. Lambie t -Co l l ie r , G. Mattel i n 

Euratom Contract BI6-0071-B 

The l i v e r i s a p a r t i c u l a r l y useful model to 
study the combined e f f ec t s of i r r a d i a t i o n and 
a chemical carcinogen. Using t h i s model, we 
have shown that a treatment w i th 0.31 Mg/g of 
d ie thy l nitrosamine administered 7 days a f t e r 
0.96 Gy o f X-rays i s more e f f i c i e n t f o r 
hepatoma induct ion than the same rad ia t i on 
dose administered a lone. In conclusion, i t 
seems tha t various fac to rs of chemical o r i g i n 
such as d i e thy l ni trosami ne, present in the 
human environment, might i n ce r ta in condi t ions 
increase the tumorigenic po tent ia l of 
r ad i a t i on . 

6 .2 .2 . Radioprotect ive propert ies of 
polysaccharides on the bone marrow stem c e l l s 
and on the 50 % le tha l dose of mice submitted 
to whole-body i r r a d i a t i o n 

J.R. Mais in , 6. Matte l in 

We have shown that three pa r t i cu l a te 
polysaccharides (MNZ, GLP/B04 and GLr"B05) 
extracted from Saccharomyces ce rv i c i ae , and 
one soluble polysaccharide (MNR) ext racted 
from Rhodotorula ruora c e l l s , e f f i c i e n t l y 
p ro tec t i r rad ia ted mice. The 50 % le tha l dose 
at 30 days (LD50/30 days) i s increased by a 
fac tor of 2 when they are administered 
intravenously 15 minutes before the 
i r r a d i a t i o n . We are presently attempting to 
invest igate i f the rad ioprotect ive potent ia l 
of the polysaccharide is increased when they 
are administered in combination w i th a 
nontoxic dose of a potent su l fhydry l 
rad iopro tec t ive compound. 

6 .2 .3 . The l a te e f fec ts of prenatal or 
per inata l i r r a d i a t i o n on the immune response 

R. Hooghe, H. Bazin (U.C.L . ) , J . Urbain 
(U .L .B . ) , G. Urbain-Vansanten (U.L.B.) 

Euratom Contract BI6-0071-B 

In r a t s , a unique dose of >;radiat ion (0-2 Gy) 
administered between 8 days post-conception 
and 8 days a f te r b i r t h had no e f fec ts on the 
parameters invest igated in r e l a t i o n wi th the 
immune response. In mice, a s ingle dose of 0.5 
Gy had a l i m i t e d e f fec t on the immune response 

against arsonate. An i r r a d i a t i o n between the 
12th and 15th day of gestat ion provoked a 
decrease of the primary response and an 
increase of the secondary response. An 
i r r a d i a t i o n between the 18th and 20th day 
a f t e r conception induced an amp l i f i ca t i on of a 
nonspecif ic component of the response. In 
conc lus ion, long-term e f fec ts of low-dose 
i r r a d i a t i o n during the development of the 
immune system are l i m i t e d . There is however no 
net immune def ic iency . 

6 .2 .4 . A b i l i t y of the hematopoietic system of 
adu l t and newborn i r r ad ia ted mice to respo.d, 
a f t e r unique or f rac t iona ted exposure, to an 
increased demand 

L. de Saint-Georges, G. Gerber (Euratom) 

Euratom Contract BI6-0071-B 

In contrast to adul t mice, newborns are more 
sens i t i ve to a f rac t iona ted than to a unique 
dose of r a d i a t i o n , probably due to t h e i r lower 
capacity of reparr ing rad ia t i on damage. We 
tested t h e i r a b i l i t y to respond to an 
increased demand, e i the r immediately a f t e r 
i r r a d i a t i o n or a f t e r a 14- to 90- day recovery 
per iod . The invest igated parameter was the 
re t i cu locy te response a f t e r hypoxic 
s t imu la t ion at 350 mbar dur ing 3 days. The 
resu l t s underl ine a c lear d i f fe rence between 
newborns and adu l t s . They showed a 
p re fe ren t i a l s t imu la t ion of e ry thropo ies is and 
a pecul iar r a d i o s e n s i t i v i t y of the bone marrow 
stromal c e l l s of the newborn mice. They do not 
imply an i n t r i n s i c d i f fe rence of 
r a d i o s e n s i t i v i t y between the stem c e l l s of the 
two groups, and one should rather look fo r an 
i nd i r ec t e f f ec t on the e ry th ropo ies i s . 

6 .2 .5 . Ef fects of rad ia t i on on the centra l 
nervous system 

6 . 2 . 5 . 1 . Regenerative p o t e i t i a l of the brain 

H. Reyners, E. G ian fe l i c i de Reyners, J.R. 
Maisin 

Euratom Contract 816-0071-B 

We used t r i t i a t e d thymidine incorporat ion to 
es tab l i sh a map of the cerebral zones where 
c e l l u l a r p r o l i f e r a t i o n occurs even in the 
adul t r a t . Except in a few zones, the 
p r o l i f e r a t i o n disappears 24 h a f te r 
i r r ad ia ion . Moreover, we noted an important 
co r re la t .on between the zones of p r o l i f e r a t i o n 
and those where la te rad ia t ion- induced lesions 
l a t e r develop. 

6 .2 .5 .2 . Ef fects of low neutron dores on the 
development of the f e ta l b ra in 
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H. Reyners, E. G ian fe l i c i de Reyners, J.R. 
Mais in , F. Poortmans, H. L iskien (B.C.M.N., 
Euratom) 

Euratom Contract BI6-0071-B 

The e f fec ts of neutrons of varicus energies on 
ce r ta in p a r t i c u l a r l y sens i t ive regions of the 
b ra in are being inves t iga ted. Neutrons of 600 
keV were more e f f i c i e n t than those of 2,500 
keV. We could detect e f fec ts for doses lower 
than 5 cGy. They consisted in an atrophy of 
the interhemispherical white matter. 

6 .2 .6 . Radiation-induced leukeiiogenesis and 
osteosarcomagenesis 

K. Janowski, B. Borremans, R. Hooghe, J . 
Boni ver (ULg), M.P. Defresne (UL 3) 

Euratom Contract BI6-0090-B 

Novel recombinant proviruses were shown to be 
acquired f requent ly by nonirradiated thymic 
c e l l s tha t became malignant due to t h e i r 
residence in i r rad ia ted rec ip ien t mice. This 
phenomenon c lea r l y demonstrates that rad ia t ion 
induces the appearance of a novel re t rov i rus 
which then in fec ts the graf ted c e l l s . However, 
the p rov i ra l in tegra t ion s i t e was not always 
s p e c i f i c , preventing us to conclude wi th 
s u f f i c i e n t confidence that the new v i rus was 
ac tua l l y responsible fo r the genesis of the 
lymphomas. 

Sirri l.-.rly, a ce l l l i ne establ ished from a 
radiat ion- induced murine osteosarcoma 
displayed a newly integrated recombinant 
p rov i ra l genome. A strong ce l l se lect ion 
occurred during ir, v i t r o c u l t i v a t i o n , leading 
us to postulate that a re t rov i rus can be 
responsible fo r the acqu is i t ion of a se lect ive 
growth advantage in v i t r o . 

6 .2 .7 . Commercial in teres t of micro- and 
mac-oalgae 

S. Bonotto, 0. van der Ben (Brussels), A. 
Santulli (Trapani), F. Cinelli (Pisa), G. 
Dalessandra (Lecce) 

At present, a number of laboratories around 
the world are developing the biotechnology of 
micro- and macroalgae, with the purpose of 
producing food and various chemicals of high 
commercial value. Of particular interest is 
the microalga Dunaliel la (Fig. 6 2.7.a.), 
which may be easily cultivated under 
laboratory conditions in smell vessels, as 
well as in open air ponds. Species of 
Dunaliella produce, under suitable conditions, 
large amounts of glycerol and pigments (mainly 
beta-carotene). Another microalga, 

Botrycoccus, is capable of synthesizing 
hydrocarbons. Moreover, the cyanobacterium (= 
blue-green alga) Spirulina is well known for 
its high protein content (50-70 % of its dry 
weight). Among the macroalgae, several species 
of Eucheuma, Gracilaria, Porphyra (Fig. 
6.7.2.b.), Lamina^ia, Macrocystis and Undaria 
are cultivated on a large scale, some of them 
producing valiabla polysaccharides (agar and 
alginates). Studios on the immobilization of 
microülgae and on the vegetative propagation 
of macroalgae might increase in the future 
their economic interest, as shown in two 
recent review papers (1,2). 

(1) S. Bonotto, D. van der Ben, A. Santulli 
and F. Cinelli : Microalgae. blue-green 
bacteria and marine macroalgae having a 
commercial interest. International Meeting, 
Saltworks Conversion for Aquaculture, Trapani, 
Italy, May 9-11, 1986 (in press). 
(2) S. Bonotto : Food and chemicals from 
marine microalgae. First International 
Symposium on the Microbial Ecolcgy of the 
Mediterranean Sea, Sorrento, Italy, May 25-30, 
1987. Abstracts, p. 14. 

Fig. 6.2.7.a. : A: Green strips of Dunaliella 
bioculata cultivated on agar in our 
laburatory; B Culture of Dunaliella 
bardawil, on medium containing 3 M NaCl. The 
intense orange colour is due to the high 
content of beta-carotene, a valuable pigment, 
in the cells (Picture taken at The Weizmann 
Institute of Science, Rehovot, Israel, with 
the permission of Dr Ami Ben-Amotz, on 
February 18, 1987). 
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Fig. G.2.7.b. : Porphyra umbilicalis, growing 
along the Belgian coast, belongs to a group of 
edible red marine algae, wf.ich are intensively 
investigated in biotechnological resea ch 
programmes. 

6.3. GENETIC EFFECTS OF RADIATION 

6.3.1. Chromosome aberrations in patients 
irradiated for pelvic tumours 

A. Léonard, G. Oecat, E.D. Leonard (UCL), A. 
Wambersie (UCL), J. Renard (UCL) 

Euratom Contract BI0-D-378-B 

The study of chromosomal aberrations in the 
peripheral blood lymphocytes of the persons 
exposed to ionizing radiations is widely used 
to get an estimate of the absorbed dose in 
order to plan for their therapy. Dose-effect 
relationships for the induction of chromosome 
aberrations have been well established for 
irradiation in vitro but are still relatively 
scarce after in vivo irradiation in 
homogeneous exposure such as expected after 
accidental irradiation. For that purpose 
information can be obtained from patients 
undergoing radiotherapy under well controlled 
technical conditions. An advantage of this 
procedure is that the patients provide their 
own control and that chromosomal aberration 
yields can be followed, in the same person, 
after increasing dose levels. 

The work performed during this period deals 
with patients treated for cervix carcinoma (7 
patients). For this type of tumour the 
treatment is well codified cud variation from 
patient to patient (dose and field size) is 
very small. 

The results were compared to observations on 
two male patients treated for prostatic 
adenocarcinoma, on women undergoing radiation 
therapy for mammary carcinoma and to the 
results published for people traced for 

a f i k j i u S l r i y Sjjufldy i » t ï S . 

Blood samples were taken, by venipuncture, 
p r io r to th? f i r s t radiotherapy session and 24 
h a f ter raoiotherapy sessions, to al low the 
mixing of the i r r ad ia ted lymphocytes i n the 
c i r c u l a t i n g blood. When poss ib le , ha l f o f the 
control samples were given 2 Gy X - i r r ad ia t i on 
in order to co r re la te eventual ly the 
var ia t ions in the y i e l d of chromosome 
aberrations observed a f t e r radiotherapy 
sessions to ind iv idua l r a d i o s e n s i t i v i t y . For 
chromosome s tud ies , 0.5 ml heparinized blood 
was incubated at 37°C in 5 ml Ham's F-10 
medium supplemented w i th bovine serum ( 9 " ) , 
phytohaemagglutinin, streptomycin and 

p e n i c i l l i n . Af ter 45 h one ml of co lch ic ine 
solut ion (10 M) was then added and the ce l l s 
incubated during an addi t iona l 3 h. Af ter 
hypotonic treatment w i th KC1 (0.075 M), the 
ce l l s were f ixed w i th methanol-acetic acid 
(3 :1 ) . From each cu l ture and when possib le, 
200 ce l l s w i th at least 45 centromeres were 
analysed for the presence of d icen t r i c and 
r ing chromosomes. 

The y i e l d of d i cen t r i c and r ing chromosomes 
observed in the blood lymphocytes samples 
p r io r to the f i r s t radiotherapy treatment 
(0.885. + 0.28) i s much higher than usual ly 
reported (0.078%) in the con t ro ls . This high 
incidence of aberrat ions is d i f f i c u l t to 
explain but could be r e l a t e d , at least p a r t l y , 
to diagnostic exposures and/or to unknown 
medical treatments received by some pat ients 
during the period preceding the detect ion of 
t he i r cancer. The r e l a t i v e l y small size of the 
samples examined a f te r the radiotherapy 
sessions (87 to 200 ce l l s ) could be 
responsible, at least p a r t l y , of the lack of 
cor re la t ion between the y ie lds of aberrat ions 
produced by an in v i t r o exposure to 2 Gy of 
X-rays of blood taken p r io r to the f i r s t 
radiotherapy session and the values observed 
a f te r in v ivo exposure. Therefore, in addi t ion 
to the di f ferences in the proport ion of 
i r rad ia ted lymphocytes the ind iv idual 
r ad iosens i t i v i t y might also have influenced 
the resu l t s . 

On the basis of the maximum l i ke l ihood method, 
a l inear dose-response re la t ionsh ip (Y = 1.7 + 
0.0003 x 10"2 D) was f i t t e d through the 
experimental po in ts . The lack of a pos i t i ve 
l inear quadratic funct ion was to be expected 
because repai r can take place between the 
f rac t i ons . According to t h i s re la t ionsh ip the 
dose D at the ta rge t volumes inducing 10 
d i cen t r i c and r ing chromosomes per 100 ce l l s 
can be estimated to be 5.62 Gy and, thus, is 
intermediate between the target doses of 
gamma-rays producing the same y i e l d of 
aberrat ions in pat ients t reated for mammary 
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carcinoma (15 Gy) or fo r ankylosing 
spondy l i t i s (2 Gy). By comparison to the dose 
(1 Gy) necessary to produce in blood samples 
i r r a d i a t e d in v i t r o 10 d i cen t r i c or r ing 
chromosomes one can estimate that about 17% of 
the t o ta l number of the lymphocytes have been 
i r r ad ia ted wi th the present technique ; t h i s 
percentage would be 7% and 50% for mammary 
carcinoma and ankylosing spondy l i t i s . 

I n te rp re ta t i on of the y ie lds of chromosome 
aberrat ions induced a f te r f ract ionated 
par t ia l -body i r r a d i a t i o n i s of course more 
complex than a f t e r s ingle f r ac t i on t o t a l - or 
p a r t i a l body i r r a d i a t i o n . With the present 
i r r a d i a t i o n schedule, i t can be assumed that 
between 2 successive f rac t ions ( i . e . 24 h ) , 
the lymphocytes located i n the i r rad ia ted 
volume are d i l u t e d throughout the body. 
Fract ionated par t ia l -body i r r ad i a t i on should 
then simulate a t o ta l body i r r a d i a t i o n , 
provided that the target dose i s corrected for 
the f r ac t i on of the lymphocyte population 
contained in the i r rad ia ted volume. In 
a d d i t i o n , the disappearance rate of the 
aberrat ions during the treatment course has to 
be accounted f o r . 

A d i f f e r e n t d i s t r i b u t i o n of the aberrations in 
the c e l l s i s then to be expected a f t e r a 
f rac t iona ted par t ia l -body i r r a d i a t i o n , 
compared to a s ingle f rac t ion par t ia l -body 
i r r a d i a t i o n (deviat ion of the aberrat ion 
d i s t r i b u t i o n from the theoret ica l Poisson 

F ig . 6 .3 .2 .a . : Control embryos at the 2-ce l l s 
occurred 16 hours e a r l i e r . 

F ig . 6 .3 .2 .b . : Embryos of the same age, bloc 
Gy at 8 hours a f t e r f e r t i l i z a t i o n . The second 

d i s t r i b u t i o n ) . In the l a t t e r case, there 
should be a r e l a t i v e l y smaller proport ion of 
damaged lymphocytes, but a r e l a t i v e l y higher 
average number of aberrat ions per c e l l i n the 
damaged c e l l s . Due to large ind iv idua l 
va r i a t i ons , present resu l ts do not al low us to 
support (or weaken) t h i s hypothesis. 

6 .3 .2 . Studies on the pa r t i cu la r G2-arrest 
induced i n mouse embryos by X-ray i r r a d i a t i o n 

P. Jacquet 

Euratom Contract BI6-C-069B 

When they are i r r ad ia ted soon a f t e r 
f e r t i l i z a t i o n , mouse embryos o f the BALB/c 
s t r a i n can remain blocked i n the G2 phase of 
the f i r s t c e l l cycle during one en t i r e ce l l 
cyc le . Caffeine i s able to suppress th i s 
radioinduced b lock , i f added to the cu l tu re 
medium at the time when f i r s t m i t o t i c d i v i s ion 
normally occurs. 

Caffeine could act by reestab l ish ing the 
synthesis of a pro te in necessary to the f i r s t 
d i v i s i o n , and which would be lack ing in 
i r r ad ia ted embryos. The act ion of ca f fe ine wa., 
therefore tested i n the presence } f 
cycloheximide, an i n h i b i t o r of prote in 
synthesis. In contro l embryos, cycloheximide 
i nh ib i t ed the f i r s t d i v i s i o n unless added 2-3 
hours before the time of d i v i s i o n , at which 
time the synthesis of "m i t o t i c " proteins was 

, 36 hours after f e r t i l i z a t i o n . F i rst division 

at the l - c e l l stage a f t e r X - i r r a d i a t i o n w i th 2 
ar body is c lea r l y v i s i b l e in many embryos. 
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terminated. In irradiated embryos incubated 
with cycloheximide from that time, no division 
occurred even in the presence of caffeine. 
However, when added 2 hours later, 
cycloheximide did not .irymore inhibit the 
action of caffeine. These results suggest (1) 
that the synthesis of "mitotic" proteins wou1', 
be slightly delayed in irradiated embryos and 
(2) that radiation-induced G2-arrest is not a 
passive consequence of cellular defects, but 
rather an active cellular response to the 

state of cellular integrity, implying the 
existence of G2 cell progression controls. 

Some biological actions of caffeine are known 
to require calcium, which also plays an 
important role in the process of ce.1 

division. Therefore, the influence of a lack 
of calciu' on the beneficial action of 
caffeine on blocked embryos was tested. A few 
hours before the time of division, embryos 
were incubated in 1) normal medium, 2) medium 
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F1g.6.4.l. Visualization by autoradiography of the localization of Tc-95m in foetuses 
of rats. 
T = thyroid ; P = placenta ; S = stomach ; E = skin 
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without calcium or 3) medium without calcium 
and ddditionated with EGTA, in order to block 
intracellular calcium. Suppression of the 
^2-arrest by caffeine occurred at the same 
extent in all three media, and the kinetics of 
cell division was not modified at all (Figs. 
6.3.2.a, b). 

6.4. TOXICITY OF RADIONUCLIDES 

6.4.1. Toxicity of technetium in mammals 

J. Vankerkom, M. Van Hees, M. Hegela, C. 
Vandecasteele, G. Gerber (Euratom), K. 
Kirchmann 

Euratom Contract B-I6-0040-B 
Pregnant female rats of the Wistar inbred 
strain R/Cnb were maintained on a comnercial 
diet to which technetium-95m as pertechnetate 
was added to obtain a contamination level of 
0.5 MCi/g of food. Autoradiographies were 
realized on foetuses taken out on day 21 of 
pregnancy. In the foetuses, most of the 
technetium is located in the thyroid, but the 
skin, the placenta and apparently the stomach 
also contain large amounts of technetium (Fig. 
6.4.1.). 

An experiment was also initiated, using 
technetium-99 pertechnetate at a contamination 
level of 10 Ug/g in the diet, on adult female 
rats during a period of 5 weeks. The animals 
are killed thereafter at different times to 
allow the decorporation to be followed. 
Thyroid presents the highest contamination 
level. Considerable amounts are also found in 
the fur still after 12 weeks. 

At the experimental farm, a study was started 
on pregnant ewes to determine the transfer 
factors and the localization of technetium 
into adult sheep and lambs during the 
pregnancy and the lactation periods. A. daily 
amount of 740 KBq " T c as TcO^j" spread on a 
small quantity of food is administrated to 
each ewe ; the contamination period started at 
day 50 of pregnancy or will start at birth of 
the lambs, depending on the treatment 
investigated (contamination during pregnancy 
and lactation period or during lactation 
period only), and will end for each animal 
after all their lambs will have been 
slaughtered. After the contamination period, a 
decontamination phase is foreseen before the 
ewes will be sacrificed in order to evaluate 
the parameters of retention. Urine, faeces, 
blood and wool are sampled at regular times, 
and the most important organs from animals 
(ewes and lambs) will be sampled at sacrifice. 
All samples will be analysed for their Tc 
content. 

6.4.2. Comparison of damage from internal 
alpha-irradiation to the hemopoietic and 
stromal system in adult and pre- and postnatal 
mice 

R. Van Den Heuvel, G. Schoeters, E. Mathieu, 
0. Vanderborght 

Euratom Contract BI6-C-übi-B 

Bene marrow stromal cells are a constituent of 
the hemopoietic microenvironment which has an 
important function in the regulation of 
hemopoiesis. We investigated the radio-
sensitivity of the stromal cells in offsprings 
of 'Am contaminated mice. "*Am crosses the 
placenta and accumulates in the foetal skelet 
and liver. In offsprings of contaminated mice 
480 kBq Z41Am/kg) reared by their own mother, 

Am induced functional changes in the bone 
nwrrow stromal cells. These changes could 
still be observed 20 weeks post-contamination 
when the cumulative dose committed to the 
femur is 0.02 Gy. This accumulated dose at 
which stromal cells are affected is 30-40 
times below the lowest dose at which changes 
have been noticed if mice are contaminated at 
adult age. This implies that foetal and 
neonatal stromal bone marrow cells are very 
radiosensitive and have to be considered as 
target cells for changes after contamination 
in utero. This has to be taken into account 
when risk estimations are made for pregnant 
animals and neonates. 

6.4.3. Decorporation of bone-seeking radio
nuclides 

G. Schoeters, S. Van Puymbroeck, 0. 
Vanderborght 

Euratom Contract BI6-0094-B 

Treatment with calcium, and zinc salts of DTPA 
is generally used as the antidote for removal 
of internally deposited transuranic elements. 
We investigated whether Zn-DTPA treatment 
could at all remove £H1Am from the skeleton in 
C57BL mice injected with z 'Am or whether it 
decreased the skeletal burden only by 
preventing translocation of Am from the 
liver to the skeleton due to the recycling 
action from osteoclasts and osteoblasts. 
Americi urn-241 translocation from liver to bone 
was prevented by implanting z ^ A m contaminated 
bones (femur shafts and femur ends) in non-
contaminated recipient animals. Comparison of 
the '^Am retention of the implanted femurs 
between mice which were treated with Zn-DTPA 
injection or with sham injections of 0.9 % 
NaCK after implantation, demonstrated that 
Zn-DTPA chelates z ^ A m which is released in 
the circulation and that Zn-DTPA is not able 
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to remove any .Am f i xed ir. the skeleton. 

6 .4 .4 . Behaviour of t r i t i u m and carbon-14 in 
mammal s 

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

Euratom Contract BI6-0040-B 

Th i r t y - f ou r organs from a young bu l l and from 
a l ac ta t i ng cow have been sampled a f t e r the 
animals had been contaminated w i th t r i t i u m as 
t r i t i a t e d water (HTO). The young bu l l received 
a unique amount of 74 GBq HTO and was 
slaughtered three days a f t e r the administra
t ion whi le the cow received the same t o t a l 
amount of a c t i v i t y as the b u l l , but 
d i s t r i bu ted equal ly over a 30 day period ; the 
cow was sac r i f i ced at the end of the 
contamination per iod. 

The organs sampled are being analysed for 
t he i r t r i t i u m content bcth in organic matter 
(o rgan ica l l y bound t r i t i u m = OBT) and in the 
body water (HTO). Most of the data regarding 
OBT are ava i l ab le , few organs have been 
d i s t i l l e d in order to measure the i r HTO 
content. 

From the data ava i lab le i t i s observed that 
the OBT concentrat ion in the various organs of 
the cow var ies from 180 Bq/g organic matter 
(0M) to about 12 OO0 Bq/g 0M. Depending on the 
organ considered : the less contaminated ones 
appear to be the sk i n , the f a t , the bones and 
the bone marrow, a l l organs characterized by a 
high content i n const i tuants wi th low 
turn-over ra tes . Most of the organs however 
range from 2 to 6 kBq OBT/g OM. The OBT 
content in the organs of the bu l l i s in 
general 2 to 3 times higher than fo r the cow : 
i t ranges from 400 to 17 000 Bq/g OM. In th is 
case also s im i l a r conclusions can be drawn 
about the less contaminated organs. More 
extended conclusions w i l l be drawn when a l l 
data become ava i l ab le . 

6.5. RADIOACTIVE CONTAMINATION OF THE 
ENVIRONMENT 

6 . 5 . 1 . Uptake, metabolism and d i s t r i b u t i o n of 
technetium-95m in marine organisms 

S. Bonotto, D. van der Ben (Brussels) , F, 
Capot, V. Robbrecht (Antwerp), M. Cogneau 
(Louvain- la-Neuve), J.M. Bouquegnoau (Liège) 

Euratom Contract BI6-0049-B 
BTK Project 20516 

The research programme on the radioact ive 
po l l u t i on of the marine environment (Belgian 

coast) was continued in co l labora t ion wi th 
other labora tor ies . Experimental work done in 
Mol was concentrated on marine algae co l lec ted 
along the coast. The uptake of Tc-95m (which 
decays to stable Mo-95) by the algae was 
local ized by autoradiography. In the brown 
(AscophylTurn nodosum, Fucus s p i r a l i s and Fucus 
vesiculosus) as wel l as in the red (Porphyra 
umbi l ical is) species, the d i s t r i b u t i o n of 
technetium was heterogeneous, th is 
radioélément being mostly accumulated i n the 
parts of the plant which bear reproduct ive 
c e l l s or which contain young t i ssues . A close 
re la t i on was suggested between ac t ive c e l l u l a r 
metabolism and technetium accumulation. Since 
brown algae show high concentrat ion fac tors 
(CFs up to 12,000 under laboratory condit ions 
and 50-100 x 103 in na tu re ) , they could 
represent an important l i nk in the t ransfer of 
technetium through the food chain. On the 
cont rary , the edible alga Porphyra umbi l ica l is 
shows a low incorporat ion of technetium (CF < 
5 ) . I t would be of i n te res t to study the 
t ransfer of Tc-95m from the algae to animals 
which feed on them, by u t i l i z i n g an 
experimenti l food chain. 

Part of the resu l ts are being published in the 
Marine Po l lu t ion B u l l e t i n (1 ) . 

(1) S. Bonotto, V. Robbrecht, G. Nuyts, M. 
Cogneau and D. van der Ben : Uptake of 
technetium by marine algae. Autoradiographic 
l o c a l i z a t i o n . Mar. P o l l . B u l l , ( i n press) . 

6 .5 .2 . Analysis of technetium-99 in the marine 
organisms of the Belgian coast 

C. Hurtgen, G. Koch, D. van der Ben 
(Brussels) , S. Bonotto 

Euratom Contract BI6-0049-B 
BTK Project 20516 

The brown alga Fucus spi ra l i s , which grows 
along the Belgian coast, is considered a good 
b io ind ica tor of the rad ioact ive p o l l u t i o n of 
the marine environment. The sampling of th is 
p lant at four d i f f e r e n t • aces (Nieuwpoort, 
Oostende, Blankenberge and /eebrugge) was 
cont inued, in order to fo l low the evolut ion of 
the radioact ive contamination by Tc-99, which 
was found to increase in the algae as a 
funct ion of t ime, probably by an integrated 
accumulation process ( 1 ) . This work can be 
extended to marine organisms eaten by man 
( e . g . the mussels). A review paper on the 
uptake of technetium by marine organisms was 
presented at a recent in te rna t iona l meeting 
(2 ) . 

(1) C. Hurtgen, G. Koch, D. van der Ben and S. 
Bonotto : The determination of technetium-99 
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in the brown marine alya Fucus spiralis 
collected along the Belgian coast. 5th 
Symposium on Environmental Radiochemical 
Analysis, AERE Harwell, U.K., October 1-3, 
1986 (in press). 

(2) S. Bonotto and D. van der Ben : Uptake of 
technetium by marine organisms : A review of 
laboratory experiments and of ;m situ 
measurements. Bull. Soc. Ital. Ecol., 8 (1987) 
133. 

6.5.3. Radiological surveillance around 
nuclear power plants 

E. Van Gelder-Bonnijns, R. Kirchmann 

Contract with the Ministry of Public Health, 
in cooperation with IHE and IRE 

The radiological surveillance programme around 
nuclear power plants comprises three steps : 
(1) Choice of the sites where samples are then 
regularly coller'ad ; (2) Preparation of the 
samples in the laboratory and measurement of 
their radioactivity, mainly by gamma 
spectrometry ; (3) Analysis of the results and 
their publication in yearly reports and 
possibly in the open literature. 

Fig. 6.5.3.a. : Map showing the sampling sites 
along the Belgian coast where sediments, 
animals and plants are regularly collected. 

The geographical location of the pnwer plants 
of travelines, Doel, Chooz and Tihange 
requires sampling along the Belgian coast 
(Fig. 6.5.".a.) as well as on land. In the 
marine environment are collected sediments, 
animals (fish, mussels, shrimps and starfish) 
and plants (algae). In the rivers are sampled 
also sediments, animals (fish, mussels and 
shrimps) and aquatic plants, whereas in the 
terrestrial ecosystem a particular attention 

is given to two species of lichens, Evernia 
prunastri and Hypogymnia physodes, which are 
good bioindicators of the environmental 
radioactive contamination. Fig. 6.5.3.b. shows 
the evolution of the *-"Cs content n the 
lichen Evernia prunastri, from 1984 to 986, 
at 11 different sites. Since in 1986 the 
lichen was sampled on May 27, an important 
part of the 1^'Cs measured certainly 
originates from the Chernobyl accident, which 
occurred on April 26. 

EVERNIA PRUNASTRI 

137-CB 

WÊÊ 1M4 1985 

i^B 1M6 

Fig. 6.5.3.b. : evolution of the 1 3 7Cs 
contamination in the lichen Evernia prunastri, 
from 1984 to 1986. The important radioactivity 
increase in 1986 originates mainly from the 
Chernobyl accident. 

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 (Liege) 

Euratom Contract BI6-0040-B 

As suggested in a previous publication (1), 
the organic tritium revealed by biological 
tests in the liquid effluents of nuclear power 
plants of the c'WR type might originate from 
degradation of purification resins and 
microbial biosynthetic activity or from both 
processes, although other unknown mechanisms 
cannot be excluded at the present time. 
Experimental work with the red yeast, found in 
the primary cooling system of the BR2 reactor, 
was continued -, by supplying the cells with 
tritiated water (HTO), under laboratory 
conditions. The results show that the yeast is 
capable of synthesizing tritiated organic 
molecules, most of them having a low molecular 
weight, as estimated by column chromatographic 
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F ig . 6 .5 .4 . : Column chromatographic analys is of a t r i t i a t e d ex t rac t o f red yeast c e l l s , showing 
the presence of label led organic molecules, which are separated in to three d i s t i n c t peaks. 

analysis (F ig . 6 . 5 . 4 . ) . Para l le l experiments, 
i n which radioact ive sodium bicarbonate 
(NaH14C03) was used to label the c u l t u r e , have 
revealed that an appreciable amount (up to 
about 13 *) of organic t r i t i a t e d molecules is 
l os t by the yeast ce l l s in the surrounding 
medium. !.i add i t i on , i t is expected tha t when 
the labe l led c e l l s d i e , at least part of t he i r 
t r i t i a t e d compounds enter the external medium. 
Three important points remain to be 
invest igated : 1) The l i f e span of the yeasi 
c e l l s , using an experimental device simulat ing 
the f low of water of the primary loop through 
the decontamination resins ; 3) The to ta l 
amount of organi.: t r i t i u m produced in the 
primary cool ing system ; 3) The chemical 
nature of the t r i t i a t e d organic molecules 
present in the e f f l uen ts . 

(1) R. Kirchmann, M. Meurice-Bourdon, E, 
Fagn iar t , J . Binet and S. Bonotto : 
P u r i f i c a t i o n resins in reactor c i r c u i t s as 
source fo r organic t r i t i u m . Radiation 
Protect ion Dosimetry, 16 (1986) 45. 

6 .5 .5 . T r i t i um and carbon-14 in the s o i l - p l a n t 
environment 

E. Fagniar t , C. Vandecasteele, G. Gerber 
(Euratom), R. Kirchmann, M. Van Hees 

Euratom Contract BI6-0040-B 

Plants exposed to t r i t i a t e d hydrogen (HT) 
released from nuclear i n s ta l l a t i ons or under 

experimental condit ions were demonstrated to 
contain t r i t i u m in t h e i r biomass both as 
t r i t i a t e d t issue water (HTO) and organica l ly 
bound t r i t i u m (OBT). The question of whether 
the plants incorporate HTO produced by the 
oxidat ion of HT in the atmosphere and mostly 
in so i l s or are able to ox id ize HT by 
themselves was ra ised. To enswer th is 
quest ion, plants grown on nut r ien t so lu t ion 
( i n absence of any so i l system) were exposed 
during 3 h to t r i t i a t e d hydrogen (0.5 MBq/1 
atmosphere), in a glove-box. Care was taken to 
avoid the presence or HTO as a contaminant of 
the HT in jected by washing the t r i t i a t e d gas 
wi th water p r i o r to i n j - c t i o n in to the 
experimental system containing the p lan ts . The 
concentrat ion and speciat ion of t r i t i u m in the 
confined atmosphere was continuously monitored 
as described in the previous report (87-1) . 
Most o f the a c t i v i t y incorporated in the plant 
is present as HTO (about 3.5 and 0.9 KBq/ml 
water in the aer ia l parts ;nd the roots 
respec t i ve ly , immediately a f t e r exposure) ; 
less than 1 % is present as OBT at t h i s t ime. 
The resu l ts also show that the HTO content in 
the atmosphere of the glove-box is very low 
and cannot explain the amount of t r i t i u m 
incorporated by the p lants . I t i s also evident 
from the data that a t rans fer of HTO from the 
nu t r i en t so lu t ion to the root system can also 
be excluded ; on the cont rary , some excret ion 
of HTO from the root system to the nut r ien t 
so lu t ion was observed. We must then conclude 
that HT cm he oxidized at the level of aer ia l 
par t o f the plants and that part of the HTO 
formed is t rans fer red from the aer ia l part to 
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the root system. 

6.5.6. Comparative study of the continental 
waters of the Meuse and Rh5ne basins 

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

Euratom Contract BI6-0040-B 

The study of the radioecc^ogical behaviour of 
radionuclides released from nuclear plants 
into rivers is going on. The collaboration 
between CEA (France) and CEN/SCK in the 
framework of this coordinated CEC programme 
appeared in August 87 by a radiological survey 
of the contamination level of the bottom 
sediments in the Meuse between Givet (French 
boarder) and the first sluice-gate 
(Grand-Malade) downstream the junction between 
the Meuse and Sambre rivers. This campaign was 
performed with the scientific boat of the 
CEA-Toulon, the ship "Ecologix" (Fig. 
6.5.6.a.) trailing an immersed Nal detector. 
At various stations, cores and/or bulk 
sediments were sampled (Fig. 6.5.6.b.). The 
cores were cut into segments of 5 cm. The 
radioactivity measurements are carried on. 

Various types of biological samples were also 
collected in 1987. They consist in aquatic 
plants (various species of mosses and higher 
plants) and aquatic animals (freshwater 
mussels and fish). 

All the site data gathered will be used to 
validate or to improve the model of the 
radioecological behaviour of radionuclides in 
fresh running water systems. 

Fig. 6.5.6.a. : The scientific boat "Ecologix" 
from the CEA-Toulon. 

Fig. 6.5.6.b. : Sampling device for collection 
of sediment cores. 

6.5.7. Environmental behaviour of the 
radionuclides from the Chernobyl accident 

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

Euratom Contract BI6-0242-B 

In autumn 1987, in the second year of the 
Chernobyl accident, a second sampling campaign 
has been organized similar to the first one 
performed in autumn 1986. Samples of various 
crops and vegetable species have been 
collected from farms located within a radius 
of 12 km around the CEN/SCK. The 1 3 4Cs and 
1J'Cs activities have been measured in the 
plant material as well as in the soil on which 
this plant material was grown. Compared to the 
data gathered from the 1st campaign, the data 
of the second one reveal a general decrease of 
the activity present in the plant samples : 
all values are for both radiocaesium lower 
than 1 Bq/kg fresh weight. The activities 
measured in 1987 in the soil of the 0 to 20 cm 
layer are similar to those meaS'jred in 1986. 
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An experiment has also been performed using 
the facilities of our experimental farms to 
compare in cows, the bioavailability of the Cs 
deposited by the Chernobyl fallout to the 
biological availability of CsCl. Hay had been 
collected in our pastures in June 1986, 
directly contaminated by the Cs chemical forms 
originating from the damaged Russian nuclear 
plant. Two lactating cows were fed during one 
month with this "Chernobyl" hay while two 
others received hay harvested in 1987 (much 
less contaminated) and were given a daily dose 
of 137CsCl similar to the daily intake of the 
two "Chernobyl" cows. Urine, faeces and milk 
were collected regularly and assayed for their 
1 3 4Cs and 1 3 7Cs content. Due to the large 
amount of samples, all of them have not yet 
been measured. 

6.5.8. Transfer from soil to plants of various 
radionuclides under natural conditions 

E. Fagniart, C. Vandecasteele, R. Kirchmann 

The results of the contamination levels 
measured in maize (Zea mays) and potatoes 
(Solanum tuberosum) collected in automn 36 
after the fifth consecutive cropping on soils 
artificially contaminated with " 4 C s , ^ C o and 
" T c are presently available. Control plots 
were used to determine the transfer factors of 
13 Cs deposited in May by the Chernobyl 
fallout. The evolution with time of ti.3 1 3 4Cs 
of the transfer factors from soil to plant 
material is illustrated in Table 6.5.8. The 
data presented in this table show that in the 
case of maize the mean values of transfer 
factors of Cs from Chernobyl varied from 
0.45 to 2.2 depending on the plant organ 

considered. A similar variation between organs 
is observed for the _ transfer factors of 
6-tificially added io4CsCl (years 1983 to 
1986) in experimental plots. It is also 
noticeable that the values of transfer factors 
related to Chernobyl 134Cs are about five 
times higher than in the case of 134Cs (as 
chloride) artificially addJd in 1982 and 
distributed homogeneously in the 0 to 20 cm 
soil layer. On the other hand, it must be 
noted that the bioavailability of 134Cs-tracer 
decreased with t ime between 1982 and 1986 due 
to a progressive sequestration of Cs by the 
clay minerals of soil. Finu,ly, the comparison 
of transfer factors values observed in 1986, 
on the one hand in the experimental plots 
(artificially added 134CsCl) and on the other 
hand in the control plots contaminated by the 
Chernobyl fallout, indicates that in the last 
case tHe transfer factors are higher by one 
order of magnitude. One of the reasons already 
mentioned is the decrease of the 
bioavailability with time which accounts by a 
factor of 3. A second reason could be the 
distribution of the activity in the soil, 
homogeneous in experimental plots versus 
superficial for the Chernobyl deposit in 
control plots, which could contribute also by 
a factor cf about 3 ; this effect of the 
repartition of the activity in the plough 
layer had already been observed and reported. 
6.5.9. Bioavailability of transuranium 
nuclides in aquatic environments 

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

Euratom Contract BI6-B-050-B 

Table 6.5.8. : 1 3 x s transfer factor values (mean values + standard deviation) 

Crop 
1982 

MaTze aerial part 0.32 + 0.15 

MaTze leaf 
stem 
cob 

Potato tubers 0.67 + 0.24 

Experimental plots 

1983 

0.44 + 0.05 
0.31 + 0.09 
0.11 + 0.02 

0.62 + 0.20 

1984 

0.24 + 0.04 
0.17 + 0.04 
0.11 + 0.03 

0.36 + 0.13 

1985 

0.18 + 0.07 
0.19 + 0.08 
0.06 + 0.03 

0.19 + 0.05 

Cc jntrol plots 
(+ Chernobyl fallout) 

1986 

0.18 v 0.04 
0.13 + 0.05 
0.05 + 0.02 

0.20 + 0.07 

1986 

2.20 + 0.33 
1.06 + 0.15 
0.45 + 0.12 

2.32 + 0.22 



1?6 

Although curium, as americium, is a 
potentially important long-lived radioactive 
waste product, little research has been 
conducted on its biological uptake and 
retention in freshwater bnta. It is generally 
expected that curium behaves like americium in 
aquatic environment. 

In the laboratory experiments were carried out 
to study the relation between the biological 
uptake of curium and its speciation in 
freshwater. Transuranic elements added to 
water have a strong tendency on the one hand 
to form filterable (0.45 Mm) colloids by 
pH-dependert hydrolysis-reactions or by 
adsorption en existing nuclei and on the other 
hand to form complexes with natural organic 
matter as for example humic acids or fulvic 
acids. In our experiments where synthetically 
prepared water is used, up to 70 % of the 
curium was present in a particulate (> 0.45 
Mm) form. If natural organic acids were 
present in the water, less of the curium 
appeared to exist in a particulate form as it 
became complexed to the organics. 

The biological uptake of curium was tested 
among others in the freshwater pondsnail 
(Lymnaea stagnai is). Bioaccumulation of the 
radionuclide yielded concentration factors (CF 
- radioactivity.kg"^ animal wet weight/radio
activity.T* water) of around 300. In contrast 
with '^Am, 2 4 4Cm appears to be assimilated 
rapidly in the animal and accumulates in high 
concentrations in the tissues e.g. CF in the 
hepatopancreas ranges from 2000 to 10 000. The 
accumulation of Cm in animal tissue will be 
studied ii detail using rainbow trout (Salmo 
gairdneri). 

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 

In cooperation with the laboratory of Prof. R. 
Van Grieken (University of Antwerp) a recent 
technique (LAMMA) (= Laser Microprobe "robe 
Mass Analysis) is used to study the 
subcellular distribution of Al in gills of 

fish exposed to acid water with Al. The 
principle of this semiquantitative technique 
"LAMMA" is based on the excitation of a 
microvolume of a sample (= transmission 
electron microscopy sections jf gill lamellae) 
by a single pulse of a high-power laser. The 
formed ions are analysed by a Mass 

spectrometer. Microanalysis of the gill 
epithelium of Al-exposed fish indicated that 
no Al was present in the c^'ls of the gills. 
Only at the outer epithelial layer of the 
lamellae Al was found at several spots. 

Since the interactions of the Al at the outer 
gill membrane seem to be more important, the 
impact of the different chemical forms of Al 
on its toxicity to fish was studied. The 
physiological effects of Al-toxicity on trout 
were studied when Al (200 Mg/1 ac pH 5.0) 
occurred for about 80 % as the inorganic form 
(Al3", AT(OH) complexes and A1-(S04-
complexes) in comparison with conditions when 
Al was complexed by huiiic acids. In the latter 
case, two types of humic material were tested. 
One humic-rich solution (10 mg/1) was prepared 
from a commercially available sodium salt of a 
soil extracted humic acid while in another 
experiment humic acids were obtained after 
ultrafiltration (Amicon, M.G 1000) of natural 
boglake water. The Al was for 70 to 80 % bound 
to the organic material. The results showed 
that only when 8C 1 of the Al was in an 
inorganic form, the fish suffered from 
disturbed ion regulation and haematology. No 
physiological difference was seen when fish 
were exposed to acid water or acid water with 
organically complexed Al. Bulk analysis of the 
gills for total Al showed that only the 
inorganic Al accumulated at the gills (23.3 
ug/g wet weight) while a negligible amount of 
Al (1.21 Mg/g wet weight) on fish gills was 
measured in organic rich medium. 

It can be concluded that the physiological 
effect of Al to the fish is determined by the 
interaction at the gill surface, which is 
highly dependent on the chemical form of Al. 

The following new facilities are available for 
the ecophysiological research with fish (Fig. 
6.6.1.a. and 6.6.1.b.) : 
- an aquarium room in the cellar with 8 
storage tanks of 1000 1. This will enable us 
to keep high numbers of fish (100-200) for 
longer time periods (several months), in this 
way problems with seasonal variations between 
different experimental groups can be handled 
and clarified. 
- a thermostatized room equipped with pumps, 
for water and salts supply ; a ph-stat ; fish 
bc""S, and several water circuits for 
experimental solutions. 
The water supply from the waste-department 
(100-1500 1/day) allows us to run experiments 
with a continuous flow through system and 
experiments with different conditions (control 
pH, acid pH, acid pH + Al) can be done 
simultaneously from now on, using the 
different water circuits. 
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F ig . 6 .6 .1 .a . : Aquarium room for keeping 
stocks of experimental freshwater an i i ia ls . 

F ig . 6 .6 .1 .b . : Cold rccir; for experiments on 
physiology of acid stress i n f i shes . 

6 .6 .2 . Impact of heövy metals on the marine 
ecosystem 

S. Bonotto, S. Puiseux-Dao (Pa r i s ) , C. Karez 
(V i l le f ranche-sur -Mer ) , M. Roméo 
(V i l l e f ranche-sur -Mer ) , D. van der Ben 
(Brusse ls) , J.M. Bouquegneau (L iège) , C. 
Vandenhouten (Antwerp) 

A number of organic and inorganic po l lu tants 
enter tne aquatic environment and are 
transported by the r i ve rs to the sea. Between 
tnem, heavy metals are of pa r t i cu la r concern 
because they might provoke harmful e f fec ts on 
l i v i i ; g organisms and i n d i r e c t l y (through the 
food chain) on man. Experimental work was done 
on p lu r i ce l l u la r marine algae co l lec ted along 
the coast as well as on cu l t i va ted u n i c e l l u l a r 
ones, to study the uptake and d i s t r i b u t i o n of 
cadmium and z inc , by chromatographic and 
autoradiographic procedures. The resu l t s show 

tha t these chemical po l lu tants are taken up b; 
the algae a^d incorporated i n t o organic 
compounds. In a d d i t i o n , i t was observed that 
cadmium provokes tox ic e f fec ts in the giant 
u n i c e l l u l a r alga Acetabularia at r e l a t i v e l y 
low concentrat ions H î^j Ï " M . This resu l t 
confirms the usefulness of t h i s a lga , as a 
model organism, fo r environmental s tud ies. 

6 . 6 . 3 . Study on the formation of v o l a t i l e 
compounds i n water and the i r prevention 

S. Bonotto, W.J. Van Craenenbroeck (Rumst) 

Contract SVW-A025 

I t was found tha t bad smelting v o l a t i l e 
compounds are f o rmc i , mainly in summer, in 
d r i nk ing water rese rvo i r s , probably by 
b i o l o g i c a l processes. A p l u r i d i s c i p l i n a r y 
research programme was establ ished to study 
the o r i g i n of these compounds and to develop a 
procedure f o r t h e i r prevent ion or 
i n a c t i v a t i o n . As f i r s t s tep, a l i t e r a t u r e 
survey was i n i t i a t e d , before s t a r t i n g the 
experimental work, which is planned f o r 1988. 

6 .7 . STUDY OF INTEGRATION, REPLICATION AND 
BIOLOGICAL EXPRESSION OF FOREIGN DNA 
ADMINISTERED TO DIFFERENT ORGANISMS 

6 . 7 . 1 . I s o l a t i o n and character iza t ion of 
r e s i s t a n t bacter ia to heavy metals from mining 
areas of Za'Tre 

L. O ie l s , A. Schildennans, L. Hooyberghs, N. 
Mbaya, N.(CREN, Kinshasa), M. Mergeay 

I t is known that some gram-negative bacter ia 
bear heavy metal resistance g»nes on plasmids, 
transposons or on the chromosome. Such genes 
could be found e .g . in the s t ra i n Alcal igenes 
eutrophus CH34, i so la ted from a décantation 
basin of a zinc f ac to r y . The s t ra i n bears two 
large plasmids : pMOL 30 and pMOL 28 coding 
f o r resistance to Cd , Cu , Ni , Co , Hg 
and Zn+ + (Mergeay et a l . , 1985). The DNA 
fragment i so la ted from plasmid pM0L30 and 
responsib le fo r resistance to Cd + , Co and 
Zn+ + ( c c z * ) , hybr id ized with colonies of new 
Alcal igenes s t ra ins iso lated from other 
i n d u s t r i a l s i tes e f fec ted w i th z inc , and wi th 
t h e i r plasmids (D ie 's et a l . , 1988). Therefore 
the quest ion ar iseo i f such s t ra ins could also 
be found in mining areas as those from the 
Shaba province in ZaTre which contain high 
amounts of copper (+ 10,000 ppm) or cobal t (+ 
500 ppm) and sometimes of zinc (1000 à 5000 
ppm). Resistant bacter ia were only looked for 
among heterot rophic bacter ia able to make 
c . f . u . on Lur ia broth and on minimal se lec t ive 
media w i th gluconate as carbon source. Samples 
from Kambove, Sn i t u ru , L ikasi and Kipushi were 
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analysed in t h e i r content i n heterotrophic 
bacter ia w i th emphasis on OJ+ , 2n+ , Co and 
Cd++ ions in the se lec t ion processes w i th 
concentrations respect ive ly of 0.8 mM, 2.0 mM, 
2.0 mM and 0.8 mM. 

When the heavy metal content of the so i l was 
above a cer ta in level (which i s d i f fe ren t f o r 
each metal) then v iable counts recorded on 
broth agar and on se lec t ive media were of the 
same order of magnitude. I t means that only 
res i s tan t bacter ia can sustain these severe 
(high heavy metal content) condit ions and 
therefore also t o ta l amount was between 100 
and 10.000 times lower than in so i l s 
contain ing low levels of heavy metals, and in 
some s o i l samples from between 20 and 40% of 
the i so la ted colonies hybridized with our ccz 
probe and contained one or two large plasmids 
of about the same size as CH34 (+ 250 kb) . 
They also proved to be Alcaligenes eutrophus 
as could be shown by t he i r SDS-PA6E prote in 
pattern.However, these s t ra ins could grow even 
at 42°C where previously isolated A.eutrophus 
s t ra ins from Belgium did not . 

On the other hand, a lo t of other 
taxonomically d i f f e r e n t groups could be 
i s o l a t e d . None of these groups hybridized wi th 
the ccz* probe iso la ted from pMOL 30 or could 
be c l a s s i f i e d as an Alcal igenes s t ra in but a l l 
o f them were found to b'. res is tant to Cu and 
Co++ ions. 

Some remarkable pla smicl containing s t ra ins 
belonged to the fo l lowing groups : (a) s t ra ins 
i so la ted in L i kas i . res i s tan t to Cu ,Co and 
s i l v e r n i t r a te (ImM) and harbouring three 
plasmids s iz ing from 50 to 2C0 kb ; (b) 
seleni te - res i stant s t ra ins harbouring f i v e 
pi '.smids. 

Among the meta l - res is tant -"trains without 
detectable plasmids, the fo l lowing groups can 
be quoted : 
- s t ra ins res is tant to tha l l ium sulphide (1 
mMj.HgC^, antimonium ch lo r ide , arsenate and 
a r sen i t e , 
- s t ra ins res is tant to Zn T and He , 
- s t ra ins res is tant to bismuth chloride (1 
mM),also found in Belgium, 
- s t ra ins res is tan t to cerium sulphate (2mM), 
- Zn + + - res is tan t strains found in Shituru and 
which cannot use gluconate as a carbon source, 
- and yel low pigmented s t ra ins res is tant to 2 
mM Cu wi th formation of a brown p rec ip i t a te . 

These observations na tu ra l l y lead to questions 
about the possible inf luence of heterotrophic 
bacter ia in geochemical processes, about the 
mechanisms of resistance to heavy metals and 
about the ro le of plasmids and the i r 
c i r c u l a t i o n through th is pecul iar ecosystem. 

6 .7 .2 . Detection of heterotrophic bacter ia 
w i th plasmid bound resistances to heavy metals 
from Belgian i ndus t r i a l s i tes 

L. D ie l s , S. Vets, L. Hooyberghs, M. Mergeay 

In gram-negative bac te r i a , plasmid-bound 
resistances to heavy metals went r e l a t i v e l y 
unnoticed up to the l as t years where more 
a t ten t ion was given to bacter ia able to 
survive in sediments or so i l s h igh ly 
contaminated by heavy metals and especia l ly 
z inc ( ions up to 40,000 ppm in s o i l s ) . From 
zinc fac tor ies in the provinces of Liege and 
Limbourg, bacter ia wi th large plasmids (from 
160 kb tc 250 kb) governing f o r resistances to 
Cd+ + , Cu + + , N i + + , Co++ and Zn++ ions were 
found and i d e n t i f i e d as Alcaligenes eutrophus 
s t r a i n s . I t was of in te res t to know i f such 
large plasmids responsible f o r mu l t i p le 
resistance to heavy metals can be 
systemat ical ly recovered from other i ndus t r i a l 
areas and to understand more about t he i r large 
s i ze , t h e i r resistance mechanisms and t h e i r 
possible p a r t i c i p a t i o n in geochemical 
processes. 
Therefore, our a t ten t ion focused on i ndus t r i a l 
s i tes around non-ferro meta l lu rg ica l fac to r ies 
located in the provinces of Antwerp and 
Limbourg (North-Eastern Belgium). Resistant 
bacter ia were only looked for among 
v . terot rophic bacter ia able to make c . f . u . on 
oroth agar and on minimal se lect ive media. 
These media were made of T r i s minimal agar 
provided wi th gluconate as a carbon source 
representat ive enough for the growth of 
gram-negative heterotrophs. Samples from three 
d i f f e ren t s i tes were analysed in t h e i r content 
i n heterotrophic bacter ia w i th emphasis on the 
se lect ion processes on Cu , Zn and Cd 
ions at concentrations respect ive ly of 0.8 
mM, 2 mM and 0.8 mM. 
The f i r s t (and rather constant) observation is 
tha t from a threshold in contamination by 
heavy metals v iable counts recorded on 
Nutr iënt agar and on se lec t ive media were 
s im i la r or belonged to the same order of 
magnitude. Bacteria found to be res is tan t to 
CJ , Zn + or Cd w e f i r s t analysed by 
colony hybr id iza t ion using two DNA probes : 
one made from a t re^poson (Tn4378) containing 
mercury resistance genes which are qu i te 
ubiquitous among natural plasmids and the 
other ccz''' made from a 9 kb fragment of 
plasmid pM0L30 and conta in ing genes f o r 
resistance to Cd+ + , Co++ and Zn++ ions. Up to 
20% of bacter ia recovered from plate counts 
hybridized with one or the other probe and 10% 
wi th both of them. 
Bacteria hybr id i z ing w i th the ccz+ probe were 
a l l found 1) t o be res i s tan t to Cd+ + , Cuf , 
Zn+ , Co++ ions (most of them being also 
res is tan t to N i + + , Hg++ and As04"" ions) ; 2) 
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to carry one or two large plasmids sizing 
around 250 kb and hybridizing with the ccz 
probe ; 3) from taxonomical point of view to 
be tightly linked to the earlier isolated A. 
eutrophus strains CH34 and DS185 according to 
protein patterns determined by SDS-PAGE. 
Other resistant bacteria from the same samples 
did not hybridize with both the used probes 
and apparently did not carry any detectable 
plasmid. They included the following groups : 
strains resistant to Ni + + only, strains 
resistant to Zn + + only, strains resistant to 
bismuth chloride (1 mM), Co + + and Cu + +, 
strains resistant to Ni + +, Cd + + and Cr 6 +. Each 
of these four groups seems to constitute also 
a taxonomically clustered group (according to 
protein pattern on SDS-PAGE). Most of the 
different bacterial classes reported in the 
present work (bacteria responding to the ccz 
probe, Bi-R, Cr-R, etc..) were also observed 
in sediments from ruining areas Hn Shaba, 
Zaïre. This would indicate that these classes 
and especially the A^ eutrophus strains 
apparented to A_̂  eutrophus CH34 are specific 
of biotopes with high contents of heavy 
metals. 

6.7.3. Microbial degradation of PCB's 

D. Springael, S. Kreps, M. Mergeay 

Contract IWONL/RUG 

Five pure biphenyl and 4-chlorobiphenyl 
metabolizing strains were selected by 
enrichment procedures in batch cultures. They 
were identified as Acinetobacter sp. Nr 15, Nr 
19 and Nr 22 and as Moraxella sp. Nr 14 and Nr 
15. 

These strains and also a mixed culture S2.7, 
which reaches a very nigh cell density on 
5-chlorobiphenyl, were tested for degradation 
of different PCB-congeners. 

A quantitative method was developed to measure 
the microbial degradation of PCB's, based on 
extraction with hexane and high-pressure 
liquid chromatography (HPLC). 

All strains show a very efficient breakdown of 
low chlorinated PCB's, like 3-chlorobiphenyl, 
4-chlorobiphenyl and 3,3'-chlorobiphenyl (10 
ppm) in two days. Exception is 
4,4' -chlorobiphenyl. Moraxella sp. Nr 14 and 
the mixed culture S27 show on 1000 ppm 
4-chlorobiphenyl even a degradation rate of 72 
Mg ml"1 day"1. Three high chlorinated PCB's 
were also tested for degradation by 
Acinetobacter sp Nr 15 and S2.7. These 
congeners were 2,4,5-trichlorobiphenyl, 
2,3',4,4',5- pentachlorobiphenyl, and 
2,2' ,3,3',4,4'-hexachlorobiphenyl. Degradation 

of 2,4,5-trichlorobiphenyl is as efficient as 
for mono- and dichlorobiphenyl . The breakdown 
of the penta- and hexacongeners seems to be 
very slow because of the chlorinated 4 and 4' 
positions of the biphenyl ring. This is a 
well-known phenomenon in literature. It seems 
that our bacteria degrade PCB's by attack of a 
3,4-dioxygenase enzyms on the 3,4 position of 
a biphenyl ring. 

6.7.4. Pigmented polymers produced by 
Alcaligenes eutrophus CH34 mutants unable to 
use tyrosine as a carbon source 

A. Paolillo (ULB), M. Mergeay, C. David (ULB) 

Some mutants of Alcaligenes eutrophus CH34, a 
gram-negative heterotrophic and facultative 
chemolithotrophic bacterium, were found to 
excrete large amounts of a dark brown pigment 
if grown on rich medium. Such mutants are in 
fact tyu (= tyrosine utilization) mutants 
unable to use tyrosine as well as some other 
hydroxyaromatics as carbon source. This 
phenotype was already recognized in 
Pseudomonas aeruginosa and related to the 
accumulation of an intermediary tretabolite of 
tyrosine catabolism : homogentisic acid, a 
dihydroxy aromatic and to the possible 
polycondensation of this homogentisic acid to 
a product previously designed as 
"pyomelar.irie". 

In A^ eutrophus CH34, two classes of tyu 
mutants were known : tyu A mutants 
(represented by the tyu A150 allele) cannot 
use tyrosine as a carbon source but well p. 
hydroxythenylacetic acid and homogentisic 
acid: this mutant does not produce any pigment 
and seems to be affected in an early step of 
tyrosine catabolism. tyji B mutants, 
represented by various alleles easy to select 
thanks to the pigment production, accumulate 
this soluble dark brown pigment not only on 
broth agar but also on minimal medium provided 
with a carbon source and either tyrosine, 
p-hydroxyphenylacetic acid, homonentisic acid 
and also benzoic acid, phenylalan-ine or 
syringaldehyde : such mutants are unable to 
further degradate homogentisic acid or 
dihydroxylated derivatives of those producfs. 

Pigments were studied by gel permeation 
chromatography (GPC), high-pressure liquid 
chromatography (HPLC) and ultraviolet 
spectroscopy. 

Bacteria carrying the mutation tyu B7 were 
grown in presence of lactate (0.2 %) with 100 
mg/1 of tyrosine or preferently 
p-hydroxyphenylacetic acid : after 24 h, the 
totality of the substrate was transformed in 
pigment, the pigment was found to be a polymer 
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with a molecular weight peaking around 4 to 
10.10 . Polymerization seems to occur by 
oxidative coupling of accumulated homogentisic 
acid and to be enhanced by the progressive 
alcalinization of the medium culminating at pH 
8.5. 

Polymerization (and thus pigment formation) 
occurs also in sterile solutions of 
homogentisic acid ; this process is also pH 
dependent, provides pigments with structures, 
similar to those found in bacterial cultures : 
however, the kinetics of polymerization is 
much slower in such sterile solutions and the 
m peaked only at 1.5.103 after ?4 h at pH 
8.5. This would suggest that microbial 
cultures are involved in catalysis of 
polymerization for example through an 
enzymatic process. 

Of interest is also the fact that similar 
polymeric pigments were also produced from 
syringaldehyde in tyu~ as well as in tyu 
strains (this methoxylated aromatic compound 
cannot be used as carbon source in /L 
eu tropnus CH34. This would indicate that new 
pigmented polymers could be produced from 
aromatic products with various substitutions. 

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. Jespar (U. Liège) 

FRSM Contract 3.4503.87 

The regulation of cell proliferation and 
differentiation involves extracellular 
messenger molecules, including hormones and 
peptide growth factors, together with specific 
cellular receptors for such molecules. 

Recer.t findings indicate that one way in which 
tumor cells may become autonomous, is by 
production of growth factors or by alterations 
in their receptors or in the intracellular 
postreceptor pathway. 

The aim of our project is to evaluate the 
usefulness of growth factors (Epidermal Growth 
Factor, Insulin-like Growth Factors ...) and 
their receptors as biochemical markers of 
malignancy : prognostic factors, indicators of 
the differentiation stage of the tumor, 
correlation with hormone receptors... 

In a previous series of experiments, EGF-like 
growth factors and EGF receptors (EGF-R) were 
found to be present in different human tumors 
of the central nervous system, and the 

activity of the phosphotyrosine kinase 
associated with the EGF-R was determined after 
immunoprecipitation by the monoclonal antibody 
EGF-R1. Preliminary results suggested a 
positive correlation between the presence and 
biological expression of EGF-R in tumors of 
glial origin and the degree of malignancy. 

In the tumors of the gastrointestinal system 
studied as yet, the concentration of EGF-R, 
determined by Scatchard analysis, was 
generally lower than the values obtained in 
the CNS tumors. Variable levels of 
phosphokinase activity were observed in the 
individual tumor samples. The interpretation 
of the results needs further information 
concerning the histopathological grade of the 
tumors. The hypothesis of a decrease in 
EGT-binding capacity during the neoplastic 
transformation of the intestinal mucosa will 
be checked by comparing benign polyps, 
carcinomas of the colon and rectum and the 
adjacent normal tissue. When surgical 
specimens are available, the study is extended 
to breast and gynaecological tumors. 

In a human glioma cell line (LN18 : courtesy 
of Prof, de Tribolet), the concentration of 
EGF-R is similar to the values reported for 
other human tumor cells : about 50 000 
EGF-binding sites/cell ; LN18 also contains 
nuclear thyroid hormone receptors. This 
experimental model will be useful for studying 
interrelations between hormones and growth 
factors. 

6.8.2. Toxicological studies 

J. Vankerkom, L. Baugnet-Mahieu, A. Léonard, 
w. 8aeyerts, Gh. Oeknudt, P. Jacquet 

A series of skin sensitization tects, 
according to the technique of Buehler, has 
been carried out in the laboratory of animal 
toxicology. 

Classical toxicity tests (LD50, skin and eye 
irritation studies) and short-term 
mutagenicity tests have been performed on 
request of several chemical and pharmaceutical 
companies. 

6.9. PUBLICATIONS AND LECTURES 
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Tritiup and technetium uptake and distribution 

in three marine algae 
G. ARAPIS, S. B0N0TT0, A. BOSSUS, G. NUYTS, 
G.B. GERBER, R. KIRCHMANN, J. C0LARD, P. 
MATHOT, M. COGNEAU 
in : Ocean Processes in Marine Pollution. J.M. 
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7.3.5 Measurements of Plutonium in Wastes 

7.4. Publications and participetion in Symposia 
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7.2 RADIATION DOSIMETRY AND CONTROL MEASURE
MENTS 

7.2.1 Personal Dosimetry 

7 2.1.1 Direct methods 

§ê£tlQD_t)yQlëir_5BëÇ£CQÏDëtry 

J. Colard, J.P. Culot 

During the second semester of 1987 a total of 
380 examinations have been carried out in 
routine for the survey of radioactive body 
burdens : 
- 361 whole-body examinations ; 
- 6 lung measurements with the Xe-CH^ pro

portional counter for calibration and deter
mination of the influence of 13 Cs and 13'Cs 
on the detection limit for '39Pu ; 

- 13 lung measurements with the large Nal 
detector for U and Th detection. 

About 64 % of these examinations were performed 
on request of the Health Physics Department of 
the SCK/CEN, and 36 % concerned support given 
at the request of other institutions. 
Low level body contaminations have been 
detected in 36 cases by radionuclides such as 
60Co (34), 58Co (1) and 95Zr + 95Nb (1), always 
far below the reference level. Cobalt is mainly 
present in people involved in maintenance works 
around the reactors. 

As a consequence of the Chernobyl accident, the 
mean 13 Cs body burden for workers without 
occupational exposure reached a maximum value 
of 264 Bq for the period of July-August 1987. 
It decreased to about 235 Bq for the period of 
November-December 1987. This maximum remains 
thus far lower than the maximum of 920 Bq 
observed in 1964 as a consequence of all the 
atmospheric nuclear explosions till the Test 
Ban Treaty signed in August 1963. 

7.2.1.2 Indirect methods 

Section Low-Level measurements 

determinations. 
About 25 % of these determinations were 
performed on request of the Health Physics 
Department of the SCK-CEN, and 75 * wer? made 
at the request of BELGONUCLEAIRE, FBFC, CBNM, 
the Belgian Universities, the EEC, etc. 

7.2.2 Nuclear Spectrometry Measurements 

S§ç tion_Nuçlea ̂ Spectrometry 

J. Colard, J.P. Culot, M. Vandegehuchte 

7.2.2.1 Supporting mesurements 

During the second semester of 1987 a Lctal of 
298'' samples have been measured by gamma 
spectrometry with Ge or Ge(Li) detectors (47 *) 
and with Nal(Tl) detectors (53 %). 
The main purposes of these analyses are : 
- health physics, environmental and 

reactor survey 17 % 
- rad iob io logy (research and cont rac ts ) 58 % 
- i n q u i r i e s from external laborator ies 19 % 
- waste cont ro ls 6 % 
367 measurements (12 %) concerned samples fo r 
a c t i v a t i o n analys is on request from the 
i ndus t r y . 
445 samples (15 %) have been measured, as 
fo l low-up of the Chernobyl accident and 67 
samples from foods tu f fs were analysed on 
request of the food- indus t ry . Most resu l ts fo r 
134Cs and 137Cs were f a r below the l i m i t 
adopted by the CEE and the Belgian Min is t ry of 
Publ ic Health (Nov.3, 1987), i . e . for the sum 
of both a c t i v i t i e s : 

- 600 Bq/kg f o r normal focd 
- 370 Bq/kg f o r mi lk i^d o ".her baby food. 

However we have been requested as experts in 3 
c o n f l i c t i n g s i t ua t i ons between fore ign 
countr ies where sometimes other regulatory 
norms are appl ied and for which the r e l i a b i l i t y 
of the r esu l t was important . For wheat samples, 
resu l t s near to the leve l of 600 Bq 1 3 4 + * 3 / C s 
per kg have been measured and for milk-powder 
the highest resu l ts were in the range 
150-250 Bq/kg. 

Sample measurements 

During the second semester of 1987, 1237 
b io l og i ca l samples were analysed (1145 u r i n e s , 
6 faeces and 86 nose blows) : 
- " ° R a : 12 determinations ; 
- a lpha-emi t ter ac t in ides : 812 determinat ions; 
- complex mixtures of act in ides (two or more 

ac t in ides simultaneously present) : 115 
déterminai ions ; 

- uranium by f l uo r ime t ry : 291 determinations ; 
- 3H : 39 determinations ; 
- ' H 1 Pu : 40 determinations ; 
- a l p h a - a c t i v i t y in nose blow samples : 86 

Our laboratory pa r t i c i pa ted i n a new campaign 
of measurement of the 134, 137QS c o n ^ e n ^ i n wi7<j 
mushrooms, as fo l low-up of the observations 
from 1986 ( 2 ) . As already observed, some wel l 
def ined species concentrate the cesium isotopes 
at leve ls above the norms of the EEC, whi le 
co r : en t r a t i on factors remain more than 100 
t lies lower i n other species. 

The spectrometry labora tory pa r t i c i pa ted in two 
intercomparisons organized by the IRC ( I n t e r 
nat ional Reference Centre f o r Rad ioac t i v i t y ) 
concerning °K, 134Cs and 137Cs measurement in 
food (mi lk and h a z e l i u t ) . 
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The results from an intercomparison organized 
in 1987 for the analysis of 8 radionuclides in 
dried algae showed that among 30 interested 
laboratories, only 22 sent results. The 
deviation of our gamma-spectrometry measure
ments came at the 2nd position among the 11 
laboratories which were able to provide 
complete results. It must be pointed out that 
these analyses were perfor.T^d according to our 
standard routine procedures f ,r which a 
response may be çjven in a delay of less than 
24 hours. 

many contacts with the firms of nuclear instru
mentation and a series of new equipment was 
ordered. 

Maintenance of the old systers us rig two 
MULTI-20 and a 8032-COMMODORE minicomputers has 
been executed in order to Maintain the full 
capacity of the laboratory for routine 
analysis. It appears however that the re
liability of this material is failing and that 
an updating of the system is urgent. 

7.2.3. Radiochemical Measurements 

7.2.2.2. Preparation of radioactivity standards 

During 1987, 94 radioactivity sources or 
solutions have been calibrated by absolute 
activity measurement techniques on the 
following radionuclides : 2 2Na, 5 Mn, 5 6Co, 
6°Co, 8 S V , 9 0Sr, 1 0 9Cd, 1 3 4Cs, 1 3 7Cs, 1 3 3Ba, 
I 5 2Eu, 2 0 4 T 1 , 2 3 5U, 2 3 9 P u , 2 ^ A m . 
The sources have been supplied for the needs of 
the SCK/CEN and for other institutions. 
Since about 10 years, Co was used for the 
efficiency calibration of Ge-detectors because 
this radionuclide emits gamma-rays up to 
3.5 MeV and has a reasonable half-live 
(79 days). As it is presently impossible to 
find this material on the market (lack of 
economical interest) and in order to meet the 
requests of some Belgian power plants and to 
fulfill our own needs we produced this nuclide 
ourselves. 

The * Co has been obtained from a -'"Fe-target 
irradiated by 16 MeV protons in a cyclotron. 
Purification was done by radiochemical methods 
and the standard solutions measured by absolute 
counting techniques. 

7.2.2.3 Nuclear Spectrometry Instrumentation 

The replacement of the aging COSYNUS (Computer 
System for Nuclear Spectrometry) network, in 
use since 1974, has been decided. 
The new system will consist of several pairs of 
Ge-detectors. Each of these couples will be 
attached to a 8 K multichannel analyser linked 
to a personal computer for remote control of 
each analyser and temporary storage of spectra 
on disks. These measurement chains will be 
connected via a local area network (ethernet). 
The network will be guided by a server ; data 
processing and analysis will be performed by a 
few powerful personal computers. The system is 
made fail-proof by redundancy and back-up 
systems. The network also implements a connec
tion between the physics and the medical 
buildings, this in view of future developments 
of the body counting installations and 
low-level sample spectrometry by Nal-detectors. 
In this way, each laboratory will be connected 
to the server, making parallel processing 
possible. This project has been developed after 

Sectign_ low-leve].measurements 

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 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 25 and 82 uCq.m , 
the beta activities yaried between 0.42 and 
0.60 mBq.m"3 and the 50Sr activity between 1.9 
and 11.9 uBq.m"3. 
For the rainwater samples, the mean monthly 
alpha activities varied between 6.5 and 
17.4 mBq.l , the mean monthly beta activity 
was 0.40 Bq.l"* and the monthly 90Sr activities 
varied between 2 and 7 mBq.l . 
These values are very similar to those measured 
during 1986 except during May and June when the 
fall-out from Tchernobyl was observed. The 
activity levels at Mol were not significantly 
different from those observed at Koksijde. 

7.2.3.2 Miscellaneous measurements on request 

- About 250 measurements were carried out on 
samples originating from different sites and in 
rrder to investigate the bioloqical cycle. 
Exchangeable and bound organic H, 9 üSr and 

Ra were measured in these samples and the 
results were made available to the Radiobiology 
department for further interpretation. 

- About 280 samples of surface water from the 
SCK-CEN site were checked for 3H and 137 for 
alpha and beta activities. These results were 
made available to the Health Physics department 
for further interpretation. 

1-5 1 r 

Weekly, i 0 M was measured radiochemical^ in 
daily milk samples taken at 4 different 
locations around the site. 

- About 420 routine samples from the river Nete 
basin were checked for qlobal alpha and beta 
activities, 3H, 9 0Sr, 2 2 eRa. The results were 
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made available to the Health Physics department 
for further interpretation. 

7.2.3.3 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 H 
activity in the air. 

Waste disposal plant : 
Weekly samples of effluents were chicked for 
Pu, U, Am, 9 0Sr, 3H and global alpha and beta 
activities. Four samples were checked daily for 
H activity. Monthly samples were checked 

before treatmr t for Pu, ' S r and 3H 
activities. 

Sewers : 
About 650 global alpha and beta activity 
measurements, 131 3H and 49 i4C 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 (20 radiocarbon 
and 1 U/Th analyses). 

Radiobiological measurements : 
In the field of an ecological study, all the 
253 samples received from the Schelde river 
have been measured for 2 2 6Ra, 2 1 0Pb and 2 1 0Po. 
New samples will be collected in the beginning 
of 1988. 

7.3 SAFEGUARD^ 

7.3.1 Optimization of Safeguards Measures in 
Mixed Oxide Fuel Fabrication Plants 

P. Bemelm<jns 

This study is a contribution to the Belgian 
Support Programme to the IAEA for Safeguards 
Implementation. It deals with the uncertainty 
evaluation for book inventories and material 
balance closings in Mixed ?xide Fuel Fabri
cation Plants (task 1.A.2). 
As announced in the previous report, a 
programme is being developed on a desk computer 
to permit the analysis of any other model of 
facility and to study parametric effects. The 
programme, however, is an error propagation 
programme and not a plant simulator. It is 
therefore up to the user to work out the model 
of the plant, i.e., to determine the material 
flows and inventories at each measurement 
station. 

At the present stage, the calculation of the 
error coefficients is complete and operational. 

The programme uses a twin-WcV cassette tape : 
for each instrument, the primary instrumental 
errors vSysternatic, temporary systematic and 
random) are stored in a negative file, while 
the sums and sums of squares generated frcm the 
successive entries are stored in the associated 
positive file. The programme has been designed 
to handle various measurement strategies ; for 
example, for each instrument it is possible to 
allow for the following particulars : 

- the batch structure, by specifying a batch 
size ; 
- the instrument control frequency, by specify
ing the number of measurements in each control 
interval ; 

the measurement multiplicity, i.e., the 
number of measurements on which each determi
nation is based. 
After the weight of material has been entered 
for each successive time interval, the error 
coefficients pertinent to the particular 
instrument are displayed on demand. 
In a second stage, the error contributie is of 
all the invoHf.d instruments will be printed in 
tables and compounded in different ways into 
the overall uncertainty. 

7.3.2 Measurement Technology 

7.3.2.1 Non-destructive measurements of the 
isotopic composition of Pu samples by high 
resolution gamma-ray spectroscopy 

P. Fettweis, F. Quik (CBNM), R. Carchon 

The PIDIE-exercise (Plutonium Isotopic Determi
nation Interlab^ratory Exercise) that has been 
launched by the ESARDA-NDA working group, has 
been continued and finalized. 
The seven samples of unknown isotopic compo
sition have been measured in the first half of 
the year, but additional measurements were 
requeued, having an additional lead absorber 
of 0.3 mm thickness in the gamma path. 
The spectra have been analysed by means of the 
PLUTO computer programme, taking into account 
prescribed half-life valu9S for the different 
plutonium iiotopes. 
Reporting hîs been made as requested by the 
organizing committee : abundances have been 
given for each of the isotopes (without Pu 
that has no meaningful gamma ray) together with 
a description of the measurement set-up. 
The J3Pu content of the samples varied between 
9S % and 65 %. 
The report has been sent to the ESARDA-NDA 
working group for intercomparison analysis. 

7.3.2.2 The non-destructive assay of spent fuel 

R. Carchon 

The neutron signal from spent fuel assemblies, 
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as measured by the ION-1 FORK de tec to r , is 
corrected for decay, f n r the Cm f r a c t i o n and 
f o r r e l a t i n g the i n i t i a l enrichment to a 
reference value. 
The f i r s t co r rec t i on only depends on the 
cool ing t ime , whi le the second and t h i r d are 
ca lcu la ted by reactor physics computer codes. 
The codes tha t have been used are ORIGEN 2 
(developed at Oak Ridge) and BUNECO (developed 
at the Nuclear Power Plant Research I n s t i t u t e 
Jaslowké Bohunice (CSSR)). 
These codes make a de ta i l ed account of the 
bu i ld-up and decay of a l l possible isotopes, 
the transuranium isotopes being those of 
i n te res t fo r our c a l c u l a t i o n s . The f i n a l r esu l t 
of the Cm f r a c t i o n i s also inf luenced by the 
nuclear data l i b r a r y tha t is used. 
The fue l assemblies taken in to account have 
already been measured in a f i e l d tes t exercise 
of the ION-1 FORK de tec to r , made at Tihange 1 
nuclear power p lant (BLG 589). 
A comparison of the ORIGEN 2 and BUNECO ca lcu
la t ions reveals considerable d iscrepancies, 
tha t are not of a systematic nature. Indeed, 
two c l e a r l y d is t ingu ished domains are seen w i t h 
a demarcation l i n e at approximately 20000 
MWd/t. Above tha t burn-up l i m i t , the d i s 
crepancy is genera l ly lower than 10 %, whereas 
fo r lower burn-up values, the discrepancies l i e 
above 30 % and can amount to 100 %. A reactor 
physics code, descr ib ing the physical processes 
in a Westinghouse PWR fue l assembly i s being 
developed in the frame of the US support 
programme to the IAEA fo r safeguards implemen
t a t i o n , and could c l a r i f y the problem. 
This problem has been presented at the "IAEA 
Advisory Group Meeting on Methods and Tech
niques f o r NDA Safeguards Measurements of Power 
Reactor Spent Fuel" ( 3 ) . 

7.3.2.3 I0N-1 FORK detector mechanical and 
e l e c t r i c a l improvements 

P. De Baere 

The development of a second generation of 
I0N-1-F0RK detectors has been f i n a l i z e d . 
These detectors were designed f o r the non-de
s t r u c t i v e analys is of spent fue l assemblies for 
safeguards and management purposes. The present 
design w i l l be more use r - f r i end l y and is easier 
to decontaminate. 

The optimized FORK system car r ied away the 
i n t e res t of the EURATOM Safeguards Inspector
a te . The cons t ruc t ion of 4 FORK detectors 
(2 PWR + 2 BWR types) f o r the Inspectorate is 
p resent ly under négoc ia t ion . 

7 .3 .2 .4 . Ca l ib ra t i on of four Neutron Coin
cidence Col lars (NCC) f o r the non-destruct ive 
assay (NDA) of f resh PWR fuel assemblies 

P. De Baere, R. Carchon 

A s ing le un ive rsa l l y app l icab le c a l i b r a t i o n 
power funct ion has been t e n t a t i v e l y derived 
from a l l NCC I I measurements, fo l l ow ing an idea 
described in a recent report (LA-10827-MS). 
Several approaches have been made. 
Indeed, the major disadvantage of the determi
nat ion of the ca l i b ra t i on constants on an i n d i 
v idual basis is the need for physical fuel as
sembl ies, being ava i lab le f o r t e s t measure
ments. 

The draw-back of th is technique i s the loss of 
accuracy in the mass p red i c t i on from the co
incidence neutron count r a t e . On the basis of 
the ind iv idua l c a l i b r a t i o n curves, mass pred ic 
t ions arc normally be t te r than 2 %, whereas in 
the case of a sing!-: - i . e . ^al l y app l i cab le 
c a l i b r a t i o n curve, mass res iduals amounted to 
between 11 and 18 % fo r the four co l l a r s tha t 
have been tes ted . 

So in case that the NCC is used f o r inspect ion 
or management purposes, one could indeed be t te r 
envisage to r e l y on i nd i v i dua l c a l i b r a t i o n 
curves, rather than making use of the universa l 
c a l i b r a t i o n curve. 
In order t o tes t whether t h i s rather high mass 
discrepancy is purely accidental or a general 
t rend and in order to quan t i f y t h i s d iscrep
ancy, i t was decided to submit previous NCC 
measurements to the same procedure. 
Reporting on the NCC c a l i b r a t i o n exerc ise i s 
f i n i shed and is prepared for p u b l i c a t i o n . 

7.3.3 Cryptographic seals fo r containment and 
surve i l lance 

E. Musyck, S. Vandevyvere (E lect ron ics and 
Instrumentat ion Service) 

The development for safeguard purposes of a 
seal based on cryptography using a one-chip 
microprocessor i s in progress. 
The hardware f o r the a u t h e n t i f i c a t i o n box and 
the key management box have been b u i l t . The 
seal i t s e l f is i n the prototype stage. 
Last e f f o r t s are devoted to the sof tware. 

7 .3 .4 . Safeguards Traineeship Programme 

R. Carchon 

The safeguards t ra ineeship programme has been 
continued u n t i l september, represent ing a t o t a l 
o f 4.5 months. 
The subjects t reated in t h i s time per iod were : 
radio isotope production techniques and a p p l i 
ca t ion (a t IRE, F leurus) , the plutonium cycle 
(a t Belgonucléaire, Brusse ls ) , head-end oper
at ions and waste management. 
An intermediate evaluat ion of the i nd i v i dua l 
candidates has been made half-way the course in 
presence o f IAEA representat ives. 
V i s i t s have been made to almost a l l nuclear i n 
dus t r ies l i k e the nuclear power p lants of Doel 
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and Tihange, Belgoprocess, Vinçotte, ACEC, the 
ECC supply Agency, FBFC, B>lgonucléaire and the 
SCK/CEN Waste disposal facility. 
In order to prove their maturity, each trainee 
was submitted to an individual project, a short 
theoretical or experimental study on a subject 
related te the lectures given at SCK/CEN, and 
put under the leadership of a staff member. 
The topics were essentially nuclear metrology 
and waste related problems. The trainees had to 
prepare a written report on their activities, 
and to make an oral presentation. 
Final evaluation of the candidates was done 
together with IAEA representatives. 
The typical safeguards training, including the 
legislation and inspection formalism, were 
planned to be made at IAEA headquarfrs in 
Vienna. 

7.3.5 Measurements of Plutonium in Waste 

R. Carchon 

Waste coming fror the Plutonium laboratories 
can be measured b/ gamma or neutron counting. 
The former method is performed by means of the 
Harwell waste drum scanner (a Nal crystal 
measuring gross gamma's from the "'Pu around 
385 keV) while the latter is done by the 
Variable Dead time Counter (VDC), discriminat
ing in an electronic way the spontaneous 
fission neutrons from the even plutonium 
isotopes from a high (alpha, n) background. 
A set of 10 waste boxes (28 1) has been 
measured by both instruments in order to test 
their performance and to evaluate, under real 
laboratory conditions, what consistency could 
be expected. 

The intrinsic accuracy of the methods, due to 
unknown matrix and a lack of knowledge on the 
isotopic composition, is evaluated at 20 %. 
Indeed the measurement of the 385 keV line rep
resents an oversimplification for the plutonium 
of higher burn-up that is used in MOX fabri
cation campaigns. 
In order to interpret correctly the VDC 
results, the plutonium isotopic composition has 
to be known, which was not the case for the 
measured waste boxes. So a mean valie has been 
adopted, and this causes an additional uncer
tainty of 20 %. 
Both methods seem to represent a reasonable way 
for the measurement of waste boxes with, 
however, a considerable error arising from the 
assumption to be made in the data treatment. 
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8.2 MINERAL CHEMISTRY 

8.E.1 Carbon analyser for irradiated materials 

L. Vandevelde 

The "aboratory for analysis of low beta-gamma 
radioactive materials has been equipped with a 
carbon analyser system, based on the combus
tion of the sample in an oxygen stream, and 
conductometric measurement of the evolved COJJ 
after its absorption in a NaOH solution. 
Since a large experience was gained previously 
for the carbon determination on inactive 
materials, it was decided to build up the same 
homemade conductometric detection system, 
fitted to a high-frequency combustion furnace. 
To allow the combustion of steel samples, a 
frequency of 10 to 15 MHz and a power trans
mission of 1 to 1.5 kW were necessary. 
The induction laboratory furnace IL 101/1 
(Leybold-Heraeus) meets these specifications 
but has only 3 fixed positions for the power 
regulation. 
The primary circuit of the high voltage 
transformer was therefore adapted with a 
variable power supply, allowing to control the 
temperature from about 700°C to 1500°C. 
The added features, as well as the conductivi
ty meter (Wayne Kerr B905 precision bridge) 
were fitted into the main cabinet of the 
furnace. 

8.3. ORGANIC CHEMISTRY 

8.3.1 Gas Mass Spectrometry 

T. Rymen 

High precision quantitative gas analysis has 
been proven to be an analytical discipline the 
services of which are extremely valuable to 
many different types of industries and 
research programmes. It is also generally 
recognized that gas mass spectrometry, which 
allows the determination of both isotopic and 
chemical compositions, is by far the most 
generally applicable analytical technique in 
this field. 

Until recently, chemical and isotopic composi
tions of gas mixtures were determined at 
S.C.K./C.E.N, using a magnetic deflection type 
mass spectrometer (VG, MM12), purchased in 
1973. In 1987, different kinds of aging 
problems, have led to the decision to replace 
this system. 

Taking into account all of the experience 
gathered in our laboratory in the field of gas 
mass spectrometry, the quadrupole system QMG 

420 offered by Balzers was preferred. 

In addition to an up-to-date and clean vacuum 
system, using exclusively turbomolecular 
pumping in the high vacuum region, this 
instrument has a number of special, sometimes 
even unique features. 

This statement certainly holds for the gas 
inlet . ystem. 
Accurate determination of chemical composi
tions of gas mixtures requires that the gas 
flow into the mass spectrometer depends only 
on the partial pressure of the compounds to be 
determined. This condition can only be met by 
admitting the sample in molecular flow condi
tions (1) under which the different molecules 
move quasi independently from each other. 

T 
F(m) = K d2 — (Pl- - ps) (1) 

M 

K : a constant 
d : diameter of the gold leak 
T : absolute temperature 
M : molecular weight 
p.,-, ps : partial pressure in inlet and source. 

However, a molecular flow being inversely 
proportional to the square root of the mole
cular weight, it is evident that concentration 
changes will occur in the inlet reservoir 
while analyzing : there will be a depletion of 
the lighter molecules relative to the heavier 
ones. 
The deleterious influence of this effect, in 
view of determinations of isotopic as well as 
chemical compositions, is obvious. 
This problem is generally circumvented by 
using large inlet reservoirs, which minimize 
concentration changes. 
Additionally, an appropriate mathematical 
treatment of several sets of data, recorded as 
a function of time, can be performed. Roth 
solutions impose their own specific restric
tions towards one or more aspects of the 
analysis : the first increases the minimum 
amounts of sample needed for analysis whereas 
the second is rather time consuming. 
The new gas mass spectrometer, a type QMG 420 
manufactured by Balzers, has a specially 
developed and patented type of inlet system, 
which does not suffer from the disadvantages 
mentioned before, 

As a result of the arrangement shown in Fig. 
8.3.1.a, a small adjustable amount of sample 
continuously passes from the main sample 
reservoir through a small inlet reservoir in 
front of a golden diaphragm with a 10 urn hole, 
which forms the entrance to the mass spectro
meter. 
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Fig. 8.3.1.a : Schematic representation of the 
inlet system arrangement 

Eecause the primary sample flow from the main 
sample reservoir to the small inlet recipient 
occurs under viscous flow conditions (2), 
sample compositions in both reservoirs remain 
equal and constant at all time. 

r d-
F(v) = K (P* - P|) (2) 

n L 

K : a constant 
d : tube diameter 
L : length of tubing 
n : viscosity of the sample 
P.j, P. : total pressure in inlet and source 

As a consequence this set-up allows admittance 
of the sample to the mass spectrometer under 
molecular flow conditions while the composi
tion of the gas in front of the gold leak is 
kept constant. Additionally, the primary 
sample flow is automatically adjusted so as to 
keep the inlet reservoir pressure constant 
even at varying pressure in the main sample 
reservoir. 

An additional advantage of this system is its 
flexibility, which mainly results from its 
very small fixed inlet volume. As a conse
quence, the application of special techniques, 
such as required for the analysis of extremely 
small samples (complete sample introduction in 
combination with signal integration) becomes 
possible. 

The system is equipped with a "cross beam" ion 
source which is the best alternative for 
general purpose use, including the analysis of 
collimated molecular beams. Apart from the 
molecular leak, there are two spare inlet 
ports that can be used for special purposes. 
The importance of these characteristics will 

be illustrated in the following paragraph. 

In plain gas mass spectrometry, all of the 
selectivity available from a system is genera
ted by the analyser. There are several high 
resolution apparatus on the market which allow 
complete selectivity to be obtained in even 
the most stringent gas analysis problems. 
However, such instruments are extremely 
expensive, in daily operation as well as upon 
acquisition. 
We preferred the Balzers QMG 420 quadrupole 
analyser (mass range 1 - 512 amu; scan speed 
0.5 ms - 1000 s/amu) which allows selected ion 
monitoring (16 channels) as well as full scan 
operation. 
Obviously, this mass analyser does not offer 
enough resolving power in order to differen
tiate between isobaric ions or ion fragments. 
However, there are several ways for the 
elimination of these interferences. Mathema
tical correction for interfering species, on 
the basis of constant fragmentation patterns, 
can be applied. Also the possibilities 
offered by a preliminary physical separation 
have to be considered. 
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Fig. 8.3.1.b : determination of xenon in 
outdoor air (0.087 ppm by volume) with and 
without FIR signal filtering 

Recently two porous layer open tubular capil
lary columns have been made available which 
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allow the gas chromatographic separation of 
all peimanent gasses leading to interferences 
upon gas mass spectrometry of their mixtures. 
In this context the presence of additional 
sample introduction ports and an ion source 
suitable for the analysis of molecular beams, 
offers interesting possibilities. 

Ion detection is performed with a 90° off-axis 
SEM, which has a build-in Faraday cup detec
tor. By using a second preamplifier, 'he 
controller can switch from one detector to . 
other. This feature extends signal acquisi
tion to a very large dynamic range. In 
addition a finite impulse respons digital 
filter algorithm is used to filter data in 
real time at all scan speeds. This provides 
high signal to noise ratios, eliminates zero 
point shift and allows clear separation of 
neighbouring peaks, making subsequent data 
processing easier and resulting in very low 
limits of detection (see Fig. 8.3.1.b). 

Instrument tuning, instrument control, data 
acquisition and final data processing are all 
performed via an IBM system 2 personal compu
ter (type 50). The available software 
package, called Quadstar, allows the operator 
to set up methods for all commonly requested 
types of analyses and data evaluations. 
Finally, there is enough flexibility to allow 
the development of homemade software packages 
that might be necessary for special types of 
analysis.. 

8.3.2 Interlaboratory comparison regarding the 
analysis of 0,1 ppm of SO2 in air 

E. Goelen, T. Rymen 

Despite the rather negative results obtained 
upon a first interlaboratory comparison (april 
- June 1985), BCR maintained its intention to 
expand their set of standards for environmen
tal measurements with mixtures of 100 ppb of 
SO? in synthetic air. A detailed examination 
of all data available for the first excercise 
revealed that the special precautions, neces
sary for the analysis of such low levels of 
SO2, had not always been taken. As a conse
quence, BCR arranged for a second excercise, 
and decided that an S.C.K./C.E.N, represen
tative had to be present in all participating 
laboratories in order to control good labora
tory practices for the measurement at hand 
(sampling, calibration, flow control....). 

The results illustrated in Fig. 8.3.2 repre
sent the actual state of the art for these 
types of measurements and clearly indicate 
that good agreement between laboratories is 
possible, provided all the necessary precau
tions are taken accordingly. 

BCR INTERCOMPARISON 0.1 PPM S02/AIF* 
NOVlMftH 'S? - JANUAttl ' 0 * 

Fig. 8.3.2 : Results obtained by the seven 
participating laboratories for the measurement 
of 83 ppm of SO2 in synthetic air 

8.3.3 Organic reference materials for BCR 

J. Schoeters, T. P men 

About mid 1987, BCR started a programme 
regarding the preparation of certified poly-
chlorodibenzo(p)dioxine standards in solution. 
The standards will be made available in sealed 
glass vials. Each vial will be accompanied by 
an appropriate vial cap and septum, in order 
to allow closure of the vials after usage. 
This project combines the efforts from IRE, 
which takes care of the preparation, with 
those from S.C.K./C.E.N., which is responsible 
for the analytical controls at all levels of 
the preparation. 
In a first stage, the purity of the solvent 
(n-non.ane) was checked and found to be inade
quate : even the best purity type of n-nonane, 
at the ppm level still contains unacceptable 
impurities. Carefull destilation in glass 
eliminated this problem. 
At the same time it was found out that special 
care has to be taken regarding the type of cap 
and septum used to close the sample vial after 
usage. Several of the available caps and 
septa release impurities and therefore de
teriorate standard quality upon storage. 
Multiple testing by IRE resulted in the 
selection of an appropriate cap - septum 
combination. 
The second step involved the initial purity 
control of the starting dioxin materials, 
which had previously been prepared by dif
ferent laboratories specialized in organic 
synthesis. 
From the seven compounds available at this 
moment, only three can be used for standard 
preparation without any further purification 
(purity > 98 %). 
Before starting actual large scale standard 
preparatioi for these three compounds, the 
impurity contributions of all of the equipment 
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used during the preparat ion has to be checked. 
This f i n a l check, performed by running a 
completely normal preparation cycle fo r the 
much less tox ic 1,2,3,4-TCDD, is now procee
d ing . 

8.4 NON-NUCLEAR ENVIRONMENTAL RESEARCH AND 
MEASUREMENTS 

8.4.1 Gas chroitiatograph wi th ion t rap detector 
(GC-ITD) fo r a i r po l l u t i on research 

R. De Fré 

The ion trap mass selective detector coupled 
with a high resolution gas chromatograph is an 
important new acquisition for identifying and 
measuring the air pollution by organic com
pounds. 
The ion trap is an instrument from Finnigan-
Mat that was originally designed as a tempo
rary storage device for ions with a narrow 
mass range at the inlet of a high resolution 
mass spectrometer. With fast computer con
trolled electronics, the ion trap principle 
was developed to an independent low resolution 
mass selective detector for gas chromato
graphy. 
The principle of the ion trap is illustrated 
in Fig. 8.4.1.a. 

Fig. 8.4.1.a : Ion Trap principle 

The sample is introduced through a fused 
silica capillary on the left. The combination 
of filament, lens and electron gate produces 
an intermittent electron beam which ionizes 
the contents of the ion trap by electron 
impact (50-80 eV). 
The ring electrode has a constant A.C. fre
quency of 1.1 MHz with variable potential from 
zero to 7500 V. Together with the two earthed 
end caps, these 3 electrodes can be thought of 
as a circular quadrupole system that keeps the 
ions trapped in an aperiodic circular motion. 

Fig. 8.4.1.C : Gas Chromatograph with Ion Trap 
Detector (GC-ITD) 

When the A.C. voltage on the ring electrode is 
increased, the orbit of ions with increasing 
m/e ratio becomes instable, so that they are 
ejected from the trap and hit the electron 
multiplier. A signal is produced that is 
proportional to the number of ions with a 
given macs while the '.C. voltage is ramped to 
produce a mass spectrum. Fu.l scan spectra 
from 0 to 650 atomic mass units or multiple 
ion detection (MID) with up to 12 definable 
mass ranges can be selected. 
Two distinct features of the ion trap make it 
suitable for application in the mobile labora
tory : first it has a very sturdy construc
tion, since the housing, the turbomolecular 
pump and the electrodes are mounted like a 
stack of flanges. Secondly the internal 
vacuum is not. very high (10"3 Torr of helium) 
since the presence of helium atoms is needed 
to dampen the ion motion in the trap. An 
interrupted vacuum can therefore be quickly 
restored. 

The GC-ITD (Fig. 8.4.1.c) was installed with a 
Carlo Frba Vega gas chromatograph with a 
50 metre Sil 8 capillary column and submitted 
to performance tests with liquid samples of 
different origin. 

Fig. 8.4.l.b illustrates the sensitivity of 
the GC-ITD at full scan. Here a sample of 
0.5 ul carbon disulfide containing 0.8 ng of 
naphtalene, 0.18 ng of tetrachlorobenzene, 
0.13 ng of biphenyl, 0.28 ng of dibenzofuran 
0.41 ng of hexachlorobenzene and 0.37 ng of 
anthracene was injected splitlessly. For 
tetrachloiobenzene this amount corresponds 
approximately to the minimum detectable 
quantity as can be seen from the chromatogram. 
In the multiple ion detection mode (MID) 
however the detection limit can still be 
lowered by a factor 10 or more. 
The mass spectra obtained in the analysis of 
Fig. 8.4.l.b are shown in Fig, 8.4.l.d for 
anthracene and hexachlorobenzene. In compa-
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Fig. 8.4.1 .b : Sensitivity of the GC-ITD demonstrated on subnanogram quantities of naphtalene(l), 
tetrachlorobenzene(2), biphenyl(3), dibenzofuran(4), hexachlorobenzene(5) and an*kiracene(6) 

rison, below each sample spectrum is the 
corresponding electron impact spectrum from 
the NBS Library, obtained with classical 
quadrupole or magnetic mass spectrometers. 
The match between these spectra shows that the 
ITD now produces very similar spectra, as 
opposed to the earlier versions of the ITD, 
where abundant M + 1, M + 2... peaks could be 
observed due to undeliberate chemical ioniza
tion. Fig. 8.4.1.e shows a GC-ITD analysis of 
super gasoline vapour in the air. The sample 
was taken by absorption of the polluted air 
onto a coconut charcoal cartridge and subse
quent elution with carbon disulfide. The 
aromatic hydrocarbons identified in this 
sample by the ITD range from benzene to 
Cç-benzenes. These components appear to be 
the most widespread organic pollutants in the 
atmosphere nowadays. 
The GC-ITD will be incorporated in the mobile 
laboratory and serve to identify and measure 
orgaric air pollutants on site. Therefore the 
gas ch^omatograph has yet to be equipped with 
a preconcntration and air injection system. 
These systeir.: are not commercially available 
and must be built by the user according to the 
specific needs. Two such systems were already 
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devploppd at the S.C.K./C.E.N. and are now in 
use in the mobile laboratory. The difficulty 
is to introduce a sufficiently large air 
sample e.g. 20 cm3, as a short peak on the 
capillary separation column, which has a 
maximum flow rate of 2 cm3/min. With the 
existing sy'„ems this problem is solved by 
cryogenic trapping of the organic compounds in 
a small volume sample loop. 
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Fig . 8.4.1.e : Components of super gasoline 
vapor as i d e n t i f i e d by the GC-ITD 

8.4.2 Dioxin sampling on combustion e f f l uen ts 

R. De Fré 

A research project on "Analysis Methods for 
Polychlorinated Dioxins and Dibenzofurans", 
sponsored and coordinated by the European 
commission was started in November 1987. 
Together with the S.C.K./C.E.N. that acts as 
the main contractor two foreign partners are 
connected to this project : 

- CERCHAR, Le centre d'études et recherches 
des Charbonnages de France, and 

- GfA, Gesellschaft fur Arbeitsplatz - und 
Umweltanalytik from Munster, F.R.G. 

The aim of this project is to improve the 
aniTytical methodology for PCOD and PCDF 
determinations in different matrices. The 
participation of the S.C.K./C.E.N. is focused 
on the applications in chemical waste combus
tion. Since the combustion of chlorinated 
chemical wastes on the North Sea will be 
stopped within a few years from now, it is 
necessary for the industries involved, to find 
an alternative way of destruction for these 
wastes. Combustion with hydrochloric acid 
recovery appears to be economically the most 
attractive solution. However chlorinated 
materials exhibit the risk of chlorinated 
dioxin and dibenzofuran formation under 
elevated temperatures, and rigorous control of 
combustion conditions combined with dioxin 
inalysi^ in the effluents will be required for 
the new land-based incinerators. 
According to our experiences from 1981 in 
domestic waste incinerators and later with 

chemical waste combustion, the sampling and 
clean-up of the PCDD-PCDF samples before GC-MS 
analysis can pose serious problems, especially 
due to the presence of high-molecular mass 
chlorinated compounds from heavy chemical 
residues. 
For this reason a systematic study of the 
sampling and cleanup procedures is undertaken 
with the support of the C.F r 

Tne sampling tests were partially made in the 
FLK incinerator during test combustions of 
chemical waste. 
Another set of sampling conditions were tested 
on synthetic gas streams containing organic 
compounds of low volatility. The experimental 
set-up for these tests is built inside a 
glove-box (Fig. 8.4.2), but was not used with 
dioxins yet. Instead harmless compounds dre 
used in the first phase, to obtain information 
or other compounds and gain experience with 
the equipment before the glove-box is sealed 
for the experiments with the very toxic PCDDs 
and PCOFs. 
In a typical experiment the organic compound 
e.g. naphtalene is weighed into a quartz boat 
and placed in the furnace where it slowly 
evaporates. A nitrogen stream with a water 
vapour content around 5 % is drawn through the 
furnace tube to simulate the combustion gases. 
The sampling system itself consists of a 
heated glass sample line, two ice cooled 
impingers, where water is condensed, and an 
absorption cartridge filled with Tenax or 
XAD-2 resin. Furthermore a membrane pump, a 
dry gas counter and a protective carbon 
absorber are mounted in the saiwling train. 
The purpose of these experiments is to deter
mine the optimal sampling flow rates ar.d total 
sample volumes to collect all of the evapora
ted compounds in the impingers and on the 
absorber. 
The clp'' tests are performed by liquid 
chrom ^raphy on silica and alumina columns. 
Both micro-columns of 0.5 - 1 gram and prepa
rative scale columns with up to 50 grams of 
absorbents are used. 
Silica is particularly useful in eliminating 
polar compounds such as chlorophenols from the 
sample, while on alumina, with the suitable 
eluent strength, group separations between 
hydrocarbons, PCBs, PAHs and PCDDs are possi
ble. 
As a result of these experiments we hope to be 
able to eliminate some of the interfering, 
probably high molecular mass compounds, which 
on several occasions in the past could not be 
separated from the PCDD-PCDF fraction. 
As experimental samples foi' cleanup pure 
chemicals, chemical waste components and real 
gas sample extracts are used. For the latter 
a very large sample was obtained by cooling 
effluent gases from the municipal waste 
incinerator at Houthalen and extraction of the 



157 

"M" i™ Œ S 3 H > ^<^f 

Fig. 8.4.2 : Experimental set-up for generation of synthetic dioxin loaden off gases 

condensate with dichloromethane. This sample 
was successfully submitted to cleanup and 
PCDD-PCDF analysis and is now dispatched to 
the other partners in the E.C. project for an 
interlaboratory comparison. 

8.4.3 Development of SF6 continuous monitoring 
equipment 

F. Veroustraete 

In many Environmental Impact Assessment 
studies, one of the major points of interest 
is the contribution a certain industrial plant 
may have on the general level of pollution in 
its immediate surroundings. One way to tackle 
this problem is to simulate the expected 
immission levels in a mathematical model or to 
perform controlled emission experiments with 
tracers (sulfurhexafluoride, fréons) to 
correlate the immission levels with the tracer 
emissions. 

Predictions obtained by mathematical modelling 
can become unreliable when the lissions occur 
close to ground level in a complex configura
tion of buildings or installations. In such 
configurations the velocity profile and 
effective stack height estimation become 
increasingly difficult. One-way mathematical 
models are tested on their accuracy and 
predictive capacities under different circum
stances is to execute tracer experiments. In 
such experiments ? straightforward empirical 
relationship can be established between 
emission rates and immission levels even in 
the most complex combination of stack confi
gurations and heights. 

A major stumbleblock in this approach is the 
laborious procedure to measure the tracer 
profiles during an experiment and secondly to 
come to a final geographical plot of the 
concentration data. In order to avoid labour 
intensive grab sampling and data reduction 

techniques, a test programme was started to 
link continuous SF6 monitoring equipment with 
the geographical mapping system already fully 
operational in tne S.C.K./C.E.N, measuring 
van. This should allow for direct monitoring 
of SF6 concentration profiles during tracer 
release experiments. 

Several technical problems have to be solved 
before this direct monitoring technique can be 
applied and linked with the geographical 
mapping system of the S.C.K./C.E.N, air 
pollution measuring van. First a suitable 
detector has to be chosen, which is suffi
ciently sensitive in order to reduce the 
tracer amounts released as much as possible. 
Secondly, interference by other compounds has 
to be eliminated wif'.in acceptable limits in 
order not to makt .a interpretation unneces
sarily complicated. 

Since SF6 is a strong electron absorbing 
molecule, the detector choice fell on an 
electron capture detector (ECO Ni63 10 mCi) 
from Packard Instruments combined with a 
programmable signal amplifier, catalyst and 
temperature controller. This detector type 
has the advantage of being more specific and 
sensitive towards SF6 than for example a flame 
photometric or flame ionization detector. A 
disadvantage is that these good characteris
tics are only obtained in a nitrogen atmos
phere. With air samples, one obtaines an 
unacceptably high zero signal. Experimental 
work is still under way in order to elihinate 
oxygen from the sample flow, without inter
fering or lowering the analyte concentration 
too excessively. 

Some preliminary test results are shown in 
Fig. 8.4.3.a to 8.4.3.e for SF6, freon 12 
(CC12F2) and vinylchloride in nitrogen. The 
test concentrations were generated with a 
dynamical calibration procedure on the 
S.C.K./C.E.N. calibration bank and with 
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S.C.K./C.E.N. permeation tubes for the cited 
compounds. 
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Fig. 8.4.3.a : ECD test configuration 

different concentrations. A deviation from 
linearity can be seen for both freon-12 and 
SF6. Further research has to confirm whether 
the linear dynamic range is limited to the 
range 0 to 100 ug/m3 cr not. No response was 
obtained with vinylchloride as span gas. The 
detection limit obtained on the basis of this 
first calibration is in the order of 1 to 
2 ug/m3 freon 12 and SF6. However on the 
basis of measurements of the signal stability, 
a further amplification of the signal by a 
factor fifty seems feasible giving rise to 
detection limits around 20 to 40 ng/m3 SF6 or 
freon 12. Under neutral atmospheric condi
tions with an effective height of fifty meters 
and a wind speed of 3 m/s this would amount to 
an emission rate of 15 ml/min SF6 in order to 
be able to detect the maximal concentration in 
the axis of the plume. 

Fig. 8.4.3.a demonstrates the configuration in 
which the ECD detector was tested. Span and 
zero gas was introduced in the ECD for 
different flow rates and temperatures in the 
ECD. The signals corresponding to different 
temperatures for freon are shown in Fig. 
8.4.3.D. From these results a working 
temperature of 350°C is chosen for the ECD as 
a compromise between minimal zero signal and 
maximal span signal (in this case for freon 
12). Fig. 8.4.3.C shows the results for 
different flow rates through the ECD. The 
optimal flow rate proved to be around 40 
cm3/min, showing minimal zero signal and 
maximal span (in this case for freon-12). In 
order to optimize the detectors performance as 
a function of flow rate in a constant way, the 
needle valve was replaced by a capillary 
giving a constant flow rate of 40 cm3/min. 

F ig . 8.4.3.C : Signal i . f . o . f low 
ECD Ni63 10 mCi Temp. 400 C 

Further tes ts w i l l be aimed at reaching 
optimal detector s p e c i f i c i t y fo r SF6, a 
s u f f i c i e n t l y l i nea r dynamic range and e l i m i 
nat ion of oxygen in ter ference on the s i g n a l . 

8.4.4 Primary standards management and 
c a l i b r a t i o n f a c i l i t i e s 

F. Veroustraete 

On the request of the Process and Environ
mental Technology department of Westinghouse 
N.V., performance tes ts were executed on a 
recent ly designed c a l i b r a t o r , the PUL-500 from 
DITEC0. For t h i s work, S.C.K./C.E.N. S02 and 
NO2 primary standards were used in the c a l i 
b ra t i on bank. 

F i g . 8 .4 .3 .b : Signal i . f . o . detectortempera 
ture 
ECD Ni63 10 mCi Flow 40 cc/min 

F i g . 8 .4 ,3 .d and 8 .4 .3 .e show the detectors 
response fo r f reon-12 and SFG as a func t ion of 

The performance tes t consisted of : 
1) Accuracy tes ts as a funct ion of a i r f low 
and oven temperature of the c a l i b r a t o r . 
2) S t a b i l i t y of the gas mixtures generated by 
the DITEC0 c a l i b r a t o r . 
3) Performance tes ts on the permeation devices 
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Fig. 8.4.3.d : Linearity for freon 12 
ECD Ni63 lOmCi Temp 350 C 
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Fig. 8.4.3.e : Linearity for SF6 
ECD Ni63 10 mCi Trip 350 C 

from DITECO for S0 2, NO and N0 2 used in the 
calibrator. 

The DITECO D-CAL permeation tubes essentially 
consist of a heavy walled INOX cylinder with a 
cap at one end. The cap is equipped with two 
fittings for input and output of the dilution 
gas. A U-tube is fixed on the fittings, 
covered with a silicone permeable membrane. 
Manufacturing accuracy is + 20 % from the 
theoretical nominal value and temperature 
sensitivity 1 to 3 % per degree Celsius. With 
each tube the manufacturer delivers a typical 
curve of output as a function of temperature. 
No gravimetric calibrations can be performed 
with this type of perdition device because of 
its large tarra weight making it essentially a 
secondary standard. 

The SO2 D-CAL permeation tubes demonstrated a 
good agreement with our primary standard for 
SO2. For NO and N0 2 however, discrepancies 
occurred, with permeation rates outside the 
given production specificatiors of the tubes. 
This suggests a regular recalibration of these 

tubes against a primary standard, to ensure 
correct calibrations with this calibrator. 

8.4.5 Environmental Impact Assessment and 
Environmental Audits 

R. De Fré, F. Veroustraete 

During the second half of 1987, six projects 
of Environmental Impact Assessment were in 
progress at the S.C.K./C.E.N., while five new 
proposals, in which the S.C.K./C.E.N, partici
pates through the V.Z.W. Milieu en Veiligheid, 
were submitted to the industrial clients (2 
refineries, 1 chemical, 1 metallurgical, 1 
mechanical construction plant). 
Of the studies in progress, three, of which 
the technical contents have been described 
earlier, were finalized. Two of these 
Environmental Impact studies are combined with 
the drafting of a Safety Report. 

Two Environmental Impact Assessment (E.I.A.) 
studies coordinated by the "V.Z.W. Milieu en 
Veiligheid" on behalf of an electrical energy 
producer were performed in which the geo
graphical hi cal mapping technique developed by 
S.C.K./C.E.N, was applied. A third E.I.A. on 
behalf of the S.C.K./C.E.N. WASTE department 
was also executed in part by means of the 
geographical mapping technique. 
"Minimax" campaigns were organized in order to 
determine the minimal and maximal levels of 
air pollution - for different meteorological 
conditions - in the surroundings of the 
installations of interest. 
The maximal concentrations for SO2 and N0y in 
the axis of the plume were determined and 
half-hour means determined. An interesting 
situation occurred when in subsequent scans, a 
heavy shower occurred which offered the 
possibility tn visualize the effect of plume 
washout. Fig. 8.4.5 shows the ground level 
profiles for S0 2 and N0X measured ever a 
distance of 5 km. The meteorological condi
tions during the scans showed heavy gales (9 
m/s) from the southwest with temperatures 
above freezing point (6 CC). Maximal concen
trations for S02 and N0X could be observed in 
two scans at a distance of approximately 1 
kilometer from the source. The correspondence 
between the two subsequently scanned profiles 
is quite apparent. The lower levels in the 
second run especially for S0 2, suggest plume 
washout, since during the second scan (14h51) 
a heavy shower occurred during the whole 
measuring period. 
The general conclusions from the E.I.A. stu
dies were - though the electrical power plants 
are the most important industrial S02 sources 
ir the area of implant, that no levels higher 
tnan the national immission threshold levels 
occurred during the course of the campaigns. 
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An important conclusion for the three studie 
as a whole is that Substantial contribution 
to the local N0X levels originate from traffii 
on major roads and highways during peak hours. 

Fig. 8.4.5 : Maximal concentrations i.f.o. 
source distance 
Scans of november 1987 
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