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PREFACE 

In 1984, some important events occurret HI"/* regard lu he future ard further development of SCKICES. The programme of 
its activities has been thoroughly revise.! by the Progrwnmt Committee and its Sectorial Groups and it ha.\ *>een examined 
and approved by the Scientific Advisory Committee »(\ >in the Board of Directors. 

In this respect, due accou.it was taken ti.o. of the adv:,: .fan inm»(.:u n search, carried out in collaboration with a specialized 
team of the Stanford Research Institute i.SRI). This -ercise confirmed most of the new orientation, of the p>ogiemme (e.g. 
new ceramics, dispersion-strengthened r..eial alloy.. . pointed o«.r interesting prospects at longrr term 't new directions 
(expert systems, sensors....) and stressed the great importance to be a'";buted to marketing and valorization. 

It was decided to adapt the internal structure of St. ts/CE.\, a.o. in view of a better valorization of the capabilities, potential 
and results. In this respect, it may alreody be men?-* ned that in 1984 SCh/(E\ has succeeded, in co-ope. ation with private 
companies, in confirming its presence on the for;'izi> mwket, including the \1-Jdle and Fa' hast, through contracts for services 
and the sale of technology developed •'> SCK-'Ct. • Moreover. SCK/Ct'\ has signée', also on behalf of the Belgian industry, 
the international R&D agreement MI fast reucti• ,-s, together with France. F.R. Herman). Italy and Great Britain. 

In the scope of the reorganization i-nd budget plan approved by the Ministries of Economic Affairs and Energy, rejuvenation 
of the persv inel of the establishment has been started by recruiting yi-ung staff and technicians. 

However. S< 'K'CES's future is to '.ome extend determined hy external events impeding financing of the activities and pli nning 
at longer term, such as : 

- the absence of a positive Jecition concern in. the reopening oj ih reprocessing plant at Dessel; 
- the budget reduction measures at internat!» al, national and re; >onal level, causing the refusal or delay in the granting of 

funds or contracts. 

In spile of these difficult!»'-. SCE;CE\ •» •i'.aged, however, ah thanks to the co-operation of both the Ministry an<i the 
personnel, to end the ftnau u: year 1984 wi:hout important de,;i. 

In the technical, scientific <• id contractual fit'.d, the following • ,:,.ori'int events or evolutions are to he mentioned. 

As far as PUR technology and support '/> industry is :oi:ce<ii:> >'A ( », V realived in IV84 a European "primaiy" by 
annealing the BR3 reactor vessel. These nperjtion.s have been eurrii •/ out 'n afreement with the national, public and industrial 
bodies concerned. 

In the field of the develip tient of sodium- ooled fast reactors and as • cr sequence of ih? transfer of results and know-how 
to industry and of the ex.ension of international co-operation, the eff.' •'. • iei'. to fuel development has heen decreased and 
the accent has been shifud towards mote general studies and specific *. .•-' / jxperiments. 

Extensive use has been made of experiem » acquired in the field af ceraf.it /iels. materials behaviour, sodium technologe and 
inadiations, to develop j'ogressively ner projects related to fusion reaeti.f and which arc largely co-ordinated and partially 
financed hy the Commission of the European Communities. 

In spite of the favourable outcome of t>,» parliamentary debate on cneij: ••". 1981, the work related to reprocessing and more 
particularly to the corstruclion of the Hermes facililies has been deli'jeJ. because of a delay in further d.'cisions and the 
uncertainty about the reopening of th Eurochemic reprocessing plant. f'\- creat'on of Belgoprocess justifie the hope that it 
will he possible in t!:< future to con; 'ntrate the programme on indusl ul activates concerning reprocessiny or international 
agreements (e.g. fast reactors). 

The SCK/CEN activities regatdit,v radioactive waste management hint fit from a fmje intenalional interen and financial 
support hy the CEC This applies .ilready since many yeirs to the pr,.,ect on ••eolngical disposal of waste in -lay layers. In 
1984, further progress was made in the framiwork of agreements air.'uv -i m .'VA.? or the valorh/ttirm of I nowhow and 
experience in the field of high-temperature slagging incineration (HTSI) of waste n.o. n Japan and for :exic waste tealment 
(COC contract) and with ISIRAlt/ONDRAF contracts for supplementary funti'n,g of <&D work on wasf management were 
put into force. The contract with •< IRASI ON DRAF for services related ,o the t\i 3i>> • • t of low-active wate has *.'»« further 
worked out in view of its applicuion starling from January 1985 onwards. 

Diversification activities related to the environment hu.e heen continued and extendi to measurement: of toxic air pollutants 
and to certification, storage antl distribution of refer in e samples on behalf of BC h 

Beside services for toxicologica! tests, the Radiohiolo.y department diversified furthi < •n specific fields of genetic manipulations 
and tie study of biological sen ins. 

http://accou.it
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For what dispersion of atmospheric pollutants is concerned. SCKj CES has made an international highly appreciated contribution 
to the ORESVND experiment for the validation of models for transport of atmospheric pollutants over long distances. 

The sensibilization action for energy conservation in industry via energy bas audits has been continued at a rate of 200 audits 
per year; random inquiries have shown that resulting economies may be estimated at about 1 MFB per year and per audit. 
A total of more than 500 uud-'s have already been carried ont on behalf of the Dienst voor Energiebehoud/Service pour la 
Conservation de l'Energie. 

In the field of electrochemical energy conversion systems, the COBELCON pilot installation for the electrochemical production 
of hydrogen at a rate of 25 ISnr/h has been put into operation and discussions with industrial partners have been started in 
view of further commercialization and application of the results in other electrolysis systems or devices, making use of 
membranes and porous materials with very specific properties. 

For the development of solar cells based on amorphous silicon, important progress has been made and the study of upsetting 
of the proposed techniques has been Started. 

The effort devoted to the development of dispersion-strengthened materials and new ceramics (Si,l\J has been continued with 
emphasis on specific applications. In agreement with public authorities, it is envisaged to concentrate the work ofSCK/CE!\ 
related to new materials on specific themes such as high-temperature conversion systems. 

These events and evolutions illustrate clearly the importance attributed by SCK/CEN to the valorization of its potential in 
attempting to orient its work on the basis of industrial prospects and basic options taken by the authorities. 

During the next yean, SCK/CEIS will fully use its means to extend and consolidate its external contacts, to generate high 
val>'e scientific results, not only in the nuclear field where also important services are to be supplied e.g. for irradiations, 
waste treatment, safety calculations, ..., but also in non-nuclear fields such as materials, environment, energy conservation, 
etc. 
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Chapter 1 

LIGHT WATER REACTORS 

Construction and putting into operation of nuclear power plants is being continued in most of the industrialized countries. 

At the end of 1984, 253 power plants wMi a capacity of more than 150 VIWe were in operation, namely : 132 pressurized 
water reactors (PWR), 65 boiling water reactors (BWR), 26 graphite reactors (MAGNOX), 19 pressurized heavy water reactors 
(PHWR), 7 advanced graphf'e-gasreactors (AGR) and 4 other types of reactors. 

These figuri» illustrate that the PWR power plants outnumber by far the other type*. It should be recalled that Belgian utilité; 
have also chosen the PWR-h >e reactor. 

In France, the PWR programme has been continued by the putting into industrial operation of four power plants of 900 MWe 
of the CP-type, two power plants of 1300 MWe of the P4-type and the .'"cision to construct a power plant of 1400 IMWe of 
the N4-type at Chooz. In Belgium, the operation of the three power plants at Doel and of the two power plants at Tihange 
was very satisfactorily; the plants reached an average loading factor of 86.6 % and more than 90 % for Doel plants. This 
performance is one of the best over the world in 1984. 

Used as basic power plants, they supplied about 50 % of the total electricity produced in Belgium in 1984. 

The power plant at Chooz, with a capacity of 325 MWe, has been stopped at the beginning of October 1984. The regular 
inspection of the internal parts of the vessel has revealed mechanical failure of some vessel bolts; systematical replacement of 
these bolts has been decided. 

Construction of power plants DOEL 4 and TIHANCE 3 is coming to an end. The first tests without fuel have been carried 
out; putting into operation is scheduled in 1985. 

The Belgian-French agreement on a Belgian participation in the first unit at Chooz has been signed; this agreement is important 
for the design groups, component industry and utilities. 

The BR3 power plant at Mol (11 MWe) has been restarted in the summer after a wet annealing of the vessel. 
The activities of SCK/CEN ii the field of pressurized water reactors are aimed at obtaining a better knowledge of the behaviour 
of the fuel pins, of the influence of radiation on the embrittlement of vessel materials and at following the safety and radioprotection 
problems inherent to PWR reactors. 

These works are carried out either in the scope of the general mission of SCK/CEN, either in co-operation with the electricity 
producers or in a context of international collaboration agreements. 

1.1. THE BR3 PLANT 
(F. Motte) 

The first semester of 1984 was devoted to the reactor vessel annealing and afterwards to the loading operations of the BR3/ 
4D1 core, 

This tenth core since the start-up of the plant in 1962 was brought into operation in July and is due to be operated for a 
period of 14 to 15 months. 

The main objective of the plant operation remains the irradiation of prototypes or advanced PWR type fuel made by various 
fuel manufacturers, in conditions similar but more severe than those encountered in large commercial plants. 

Opeiation of the BR3 plant is supervised oy F. Motte, A. Bastogne, P. Boonen, H. De Baenst. P. Gubel, L Teunckcns, A. 
Barro, E. Bosschaert, M. Doneux. W. Engelen, L. Hus. G. Legrain, Y. Michaux, J. Pétré, V. Ravoet, J. Remade, A. Scncie, 
R. Van Langendonck. 

The BR3 operation group is part of the SCK,CEN Reactor and Energy Production Division, which is under the direction 
of G. Stiennon. 
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1.1.1. PLANT OPERATION 

The BR3'4D1 operation campaign started on 13th July when the plant with its core 4D1 was first couf led to the grid. 

The load diagram for the secmd half of 1984 is shown in Fig. 1.1.1.; the particular features of the diagrar.i are numbered 
and are explained in Table 1.1.1.a. 

Values for typical parameters of plant operation are given in Table 1.1.l.b. 

Table i.l.I.a. 
Main events in plant operation with Core BR3I4D1 during 1984 

1 '.3.07.84 

2 03.08.84 

3 10.08.84 

4 15.08.84 

5 18.08.84 

6 29.08.84 

7 31.08.84 

8 10 to 14.09 

9 17 to 21.09 

10 21.09.84 

11 01 to 05.10 

12 09.10.84 

13 15 to 19.10 

14 22.10.84 

15 02.1184 

16 P to 23.11 

17 03 to 07.12 

18 22.12.84 

First start-up of Core BR3/4D1 and power increase up to 95 "„ of the nominal 
power (PN : 40.9 MWth), according to the core power progra.nme. 
Plant hot shut-down for repair of an important ieak en a secondary valve 
packing. 

Group trip caused by a condensor low vacuum signal, due to insufficient 
cooling flow after condensor cooling pump 1 trip. 

Plant cold shut-down owing to the malfunctioning of both SG level transmitters; 
sediments had to be removed from the cells by flushing. 

Group trip caused by a condensor low vacuum signal, after the trip of one 
condensor cooling pump due to a broken electrical connection on the motor, 
followed by the trip of the second pump caused by overload. 
Power reduction to zero and generator off-line for repair of the mechanical 
coupling between pilot and main exciters. 

Power reduction due to difficulties in maintaining sufficient condenso- vacuum. 
Training cycles for DOEL 4 pU'it operators; during all the training periods, 
power was limited to 60 "•„ PN. 

Plant hot shut-down, caused by the unavailability of one purification system 
circulating pjmp. After repair the power was progressively increased up to 
95 % PN. 
Training cycle for DOEL 4 plant operators. 

Plant cold shut-down owing to an important and increasing leakage rate in the 
primary high pressure systems. On 12.10.84, after return to nomi tal conditions, 
an important steam leak through the main steam valve by-pass necessitated 
cooling down again for repair. 

Training cycle for DOEL 4 plant operators. 

Plant hot shut-down due to condensor cooling water unavailability, caused by a 
broken drive-shaft and the immobilization of the revolving water screen. 
Scheduled power reduction to 92 % PNc after 2,000 EPH of plant operation 
at 95 % PN, according to the core power programme. 

Training cycles for DOEL 4 plant operators, 

Scheduled power reduction from 92 % to 87 % PN after 3,000 EFPh, according 
Jp the core power programme. 
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Table !.!.!.b. 
BRilCore 4DI - Operation results 

Parameter Core 4C 

35,956 
31,961 
3,642 

51 
113.1/3,194 

5,917 

88.66 

V. Pn(<0,9MW) 
nominal thermal power 

Fig. I.I.I. BR3/4D1 • Load diagram 1984. 

1.1.2. ANNEALING OF THE REACTOR VESSEL 

In the framework of the analysis of the safety of the BR3 reactor vessel, the decision was taken to proceed with a so-called 
wet annealing or low-temperature annealing of the vessel. 

This analysis programme covers three fundamental areas : 

- analysis of the vessel mechanical properties; 
- thermohydraulic analysis of the plant, more specifically primary pressure and temperature trends in incidental PTS transient 

conditions; 
- fracture mechanics analysis aimed at demonstrating that the vessel integrity would not be jeopardized by such transients. 
The annealing operation was undertaken on the basis of the results of a feasibility siudy and on the prospect of sufficient 
ductility recovery. 

At BR3, from the beginning of the low-temperature annealing feasibility study, the necessity of proceeding with a fully unloaded 
reactor core was recognized, taking into consideration that the BR3 fuel core loading was to a high extent composed of 
prototype fuel of various origins, to be submitted in BR3 to irradiation conditions representative of those encountered in 
large commercial PWR plants and not, in principle, to be submitted to peculiar pressure and temperature conditions of an 
annealing operation. 

Gross power generation (MWh) 
Net plant output (MWh) 
Time connected to the grid (h) 
Number of times uncoupled from and recoupleH 10 the grid 
(including training programmes) 
Equivalent Full Power Days/Hours 
[Full or nominal power : 40.9 MW(th)] 
Specific energy, per metric ton of fuel (mei J equivalent), 
MWd/tM 

. .. . ... , number of hours on line . .„ . 
Availability (tot; i, n u m b e r o f h o u r s i n t h e p , . r i o d) t „) 
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As the design temperature» of the various coitetituànt» of the primary loop (reactor vessel, primary pumps, steam generator, 
piping, etc.) was 650°F (or 343°C), it was decided to adopt this temperature as annealing temperature; considering that, in 

T - T„ 
normal conditions, the mean primary water temperature —^—r—- in the reactor vessel is 50C°F(262°C), this increment of 
150°F (81°C) was recognized, on the basis of laboratory-scale annealing experiments, to be promising as to reduce the steel 
embrittlement. 

With the primary loop filled with water and with both steam and water phases in the pressurizer, the problem was to reach 
the annealing temperature by means of the heat generated by running the two primary pumps, the available power (P absorbed 
x efficiency) being of the order of 250 kW. 

The next point was to fix the value of the primary pressure to bt adopted during the annealing; adding to the saturation 
pressure the required NPSH (Negative Pump Suction hi ad) and some safety margin or. it, taking into account in a conservative 
way the instrumentation errors on temperature and pressure, it was decided to adopi the value of 166 kg/cm2 eff. as nominal 
value during the annealing the nominal operating pressure being 140 kg/cm2 eff. As the design pressure of the primary loop 
is 175 kg/cm1 eff., there was no direct problem for the primary loop itself. 

The real problem was at the primary-secondary loop interface in the steam generator; the differential pressure between the 
primary and secondary sides of the tube plate is currently limited to 11"; kg/cm2 at primary design temperature (650°F). 

In order not to exceed this differential pressure, it was therefore nee ssary to pressurize the secondary side at a pressure 
which was conservatively fixed at 60 kg/cm2 eff. The driving fluid chosen to pressurize the secondary side of the steam 
generator and of a minimal portion of the secondary loop was dry air supplied by a high-pressure air compressor, connected 
to the secondary loop, with a battery of compressed air bottles ?.s back-up. 

The last but certainly most important aspect of the annealing preparation, was the assurance that, with the limited power 
available power, the annealing temperature would be reached in a reasonable time delay and that it could be maintained 
const-wit during 7 days (168 h). 
Essentially, the energy supply systems consisted of the 110/120 kW supplied by each pump as mechanical work of the primary 
fluid and the electrical heaters (~ 25 kW) in the pressurizer. However, we should take into consideration poor performance 
in the heat transfer from the pressurizer to the loop due to the low (a few °C) temperature difference and the small flow-
rate between them. 

As energy sink systems, in addition to the thermal losses, we were ready to operate some primary auxiliary systems such as 
the purification system and the sampling system, to dissipate the excess energy. 

The annealing was carried jut in March this year. 

As shown on Fig. 1.1.2., the heating-up started on 21st March 1984 from an intermediate temperature of 90°C at which some 
checks were carried out. The nominal temperature (262°C) was reached within 12 hours and, after some operational tests, 
the heating-up procuded and reached the annealing temperature after 11 hours. 

It is interesting to note that the annealing temperature was attained with a temperature gradient of still a few (~ 4) degrees 
per hour, allowing thus in principle to reach higher primary water temperatures. 

Fig. 1.1.2. also shows the reduction of the temperature after the 168 h of stabilization. 

Primary and secondary loops showed very good tightness at the annealing temperature and pressure; the relief and safety 
valves on the primary side remained perfectly tight as demonstrated by continuous down-stream temperature measurements; 
the air compressor on the second try side had to run at OT. fifth of its capacity, in order to maintain the pressure between 
59 and 61 kg/cm2 eff. (leak rate of the order of 1 1/min. at this pressure). 

We now consider that a wet on-site annealing as carried out in the selected conditions is a common, usual operation which 
can be easily reproduced in the future, if necessary 

As far as embrittlement recovery is concerned, the results of a large irradiation and testing programme of steel specimens 
are still preliminary and are being analysed, with the objectives of deriving empirical data on the recovery and on the post-
annealing behaviour of the vessel. 

In parallel with and complementary to this experimental approach, a comprehensive analysis of radiation annealing mechanisms 
for all materials in the test programme has been undertaken, in order to provide physically-based projections to the BR3 
itself. 
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Fig. 1.1.2. Reactor vessel annealing. Pri -y water temperature evolution during heating-up and cooling-down. 

1.1.3. BR3/C0RE 4D1 

The core BR3/4DI, the tenth core since the first start-up of the BR3 plant, has been loaded between the 4th and 5th June 
1984 and was first connected to the grid on 13th July 1984. 

Except the experimental fuel deli/ered by various fuel manufactures, the fuel for core 4D1 and the next one, the core 4D2, 
has been ordered from Belgonuc! :aire, which has fabricated in one campaign the UOj-Pu02 mixed oxide fuel for both cores 
and which has subcontracted to FBFC the U02 fuel. 

The weight of heavy metal in the core at the start of life is 920 >fg, distributed over approximately 2000 fuel pins assembled 
in 73 fuel assemblies. With the exception of only six assemblies of an older design (G-type), all these fuel assemblies are of 
the so-called go type; completely in Zircaloy this go assembly contains 28 pins with cross-sectional dimensions and lattice 
characteristics corresponding to the 17 x 17 PWR design; these assemblies can be dismantled and reassembled in the plant's 
storage well, giving easy and quick access to the experimental fuel pins during the plant shut-down periods for refueling. The 
main features of this 4D1 core, are to contain, on the one hand, a large amount of plutonium [from approximately 40 to 50 
(end of life) "/„ of the total number of fissions are fissions of plutonium atoms] and, on the other, a large number of pins 
containing Gd as burnable poison as shown by a rather low (- 225 ppm) boron content in the moderator at start of life. 

The Pu fuel enlarges the engineering experience of plutonium recycling in LWR's : this feature is of particular interest when 
an increasing number of utilities envisage Pu utilization on a large scale. 

Because of their large diversity, which is related to the fact that these fuel pins come from several different fuel manufacturers 
and have to be submitted to a last qualification in BR3. it is impossible to give a complete description of the core loading 
and we will limit ourselves to the main characteristics as illustrated in Fig. 1.1.1.a. 

Among the 73 assemblies, 26 have been loaded into this 4D1 core in a fresh state; in Fig. 1.1.3a. these assemblies have 
been hatched, only two of them contain one single irradiated fuel pin (core positions 15 and 77); there is also a lot of fresh 
fuel pins which have been loaded into the dismantled and reassembled irradiated fuel assemblies, an equal number of irradiated 
fuel pins being individually unloaded. 

Fig. 1.1.3.b. shows a photograph of the interior of the reactor vessel taken through approximately 8.5 m of water at the end 
of the core loading : to allow comparison of Fig. 1.1.3,a. and Fig. 1.1.3.b., both have been marked to indicate the direction 
Ab. 
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fresh fuel assem>>l> 

O furl assembly containing 
UOjGafij fuel pins 

C^>> ' u t ' assembly 
• •'jparlially loaded 
'. Vjwilh UOJPUOJ tuel pins 

Fig. l.l.S.a. Schematic view of the BRI core 4DI loading. 

CORE 
POSITION -

N°91 

CORE 

POSITION 
N° 1 

Fig. I.l.i.h. View of the inside of the BR3 vessel ';.' the end of the HRH4D1 core loading. 
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On the photograph, the fresh fuel assemblies stand out by the brilliai.:e of their structurai components, wh .rcas the reshuffled 
fuel assemble s appear duller. Careful comparison of the schematic «•_•»• and the pho'igraph will reveal an ipparent anomaly : 
indeed, the two assemblies occupying the core positions 53 and ~<z are marked a* reshuffled, whereas .hey appear on the 
photograph as fresh and brilliant fuel assemblies; in this special case and for particular technical reasons, irradiated fuel pins 
have been reloaded into new fuel skeletons. 

On Fif. 1.1.3.a., the initials of the f»ei suppliers are marked on the assemblies 'hey occupy or share 
CEA for Commissariat à l'Energit Atomique, France 
FGA fo: Fragema, France 
W for Westinghouse, U.S.A. 
GE for General Electric, U.S.A. 
B&W for Babcock and Wilcox, U.S.A. 
MHI for Mitsubishi Heavy Industries, Japan 
NF1 for Nuclea" Fuel Industries, Japan. 

Its worth mentioning that for the first time in the BR3 life, fuel is irradiadeci 0:1 H--'i..>-' -i :wo Japanese fuel manufacturers. 

The irradiation of fuel pertaining to two internationally sponsored research programmes is continued in this 4DI Core; this 
fuel is marked by the following codes : 

HBEP for "High Burn-up Effects Programme" 
TRIB for TRIBULATION; this programme aims at analysing the aptitude of the PWR type fuel pins to survive severe 

power transients at various burn-up levels. 

A third and new internationally sponsored programme, called GAIN (GAdolinia fuel INvestigation to extended burn-up), 
based on previous experience gained at BR3 on gadolinium utilization, is aimed at providing experimental data or. the in-
pile thermomechanical behaviour of U02-Gd20, fuel pins of the PWR design, irradiated up to 70 GWd/tm peak pellet burn-
up. To this end, new gadolinia containing fuel has been loaded into this 4D1 Core and the irradiation of previously irradiated 
pins is being continued. 

The fuel ordered together for both Core 4D1 and 4D2 has been designed in order to accomodate a total operation duration 
of 15,000 EFPH (Equivalent Fuel Power Hours) almost equally divided between these two successive campaigns; the life 
prediction for Core 4D1 is (7.50») ± 91X1) hours at full power : in practice, taking into account some unavailability of the 
plant and the power programme calling for operation at various reduced piwer levels to avoid reaching excessive linear 
power in such a complicated core, the total campaign will last approximately 14 months. 

As a summary, the core BR3/4D1 contains 1993 (801 fresh and 1192 irradiated fuel pins) distributed as follows for what 
concerns the fuel nature : 1242 (62 %) U02 fuel pins. 614 (31 %) U02-Pu02 fuel pins and 137 (7 " J U02-Gd20, fuel pins; 
the U02-Pu02 fuel pins loaded into Core 4D1 repr.»ent 45 % of the total fresh fuel pins loaded into the core. 

The 1993 fuel pins are of so many different types (nature, enrichment and density of the fuel, poison nature and content, 
nature and thickness of the cladding, burn-up level, origin, etc..) that each fuel pin of the core loading is now individually 
represented in the core design calculation. 

1.2. LWR REACTOR PHYSICS 
(J. Debrue, L. Leenden) 

1.2.1. CODES AND CROSS-SECTION LIBRARIES 
(G. Minsart) 

The available codes and cross-section libraries were adapted to meet new calcuiationai .eq'iirer.cnts such as PWR reactor 
vessel evaluations, compact storage studies, in-pile loop design as well as the rela'ed dosimetry analyses and the necessary 
validation on an experimental basis (critical mock-ups, surveillance capsules, ...). 
- A new programme, named GAMDOT, has been prepared and tested. It prepares the input of a DOT gamma run starting 
from the preprocessing, the 40-group MULCOS library and the 2-Dim. neutron rluv map provided oy a preceding DOT 
neutron analysis. It includes any collapsing of the 40-group library and allows to include cell disadvantage factors in the 
calculation of the gamma sources. 
- The maximum size of the 2-Dim. transport code DOT 3.5 has been extended to meet the large size calculations required 
by the work going on. 
- The IRDF dosimetry file containing the ENDF/B V file and additional reactions has been introduced into the DOT Library 
structure. 
- The SCALE Code system, based on MONTE CARLO calculations and the procedures used at SCK/CF.N have been 
rechecked on the basis of the original validation documentation. 
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1.2.2. VENUS CRITICAL EXPERIMENTS 
(L. Leenden) 

The VENUS critical facility has been used for one and a half month in order to implement the benchmark experiment carried 
out in 1983. This benchmark experiment, sponsored by ELECTRONUCLEAIRE. is aimed at obtaining an experimental 
validation of neutron and gamma calculation methods, carried out in the LWR pressure vessel surveillance programme as 
reported in par. 1.5. 

The 21 reactor compaigns, (additional to the 87 performed in 1983), allowed neutron spectrometry measurements and fission 
rate measurements to be completed with SSTR's (Solid State Track Recorders), the latter being analysed by HEDL. 
The present runs have been correlated to the preceding runs by a redundant monitoring system (reproducibility better than 
1 °„. 90 °„ confidence level) and the SSTR's were calibrated in absolute fission rate through irradiations in the BRI thermal 
column. The results are discussed in par. l.S. 

The two safety channels have been renewed using market standard modules and home-wired racks in r -der to fit the control 
room of the facility. Care was taken for standardization of the modules with other SCK/CEN reactors a..a for standardization 
of the rack wiring with the Triga Reactor of CREN/K (see par. 8.1.2.). 

1.2.3. APPLICATION OF THE EXPERIENCE GAINED WITH THE VENUS CRITICAL FACILITY 
(L. Leenden, A. Falla, Ch. De Raedt) 

On the basis of the experience gained with several SCK/CEN facilities, mainly the VENUS critical facility and water loops, 
the preliminary design of a Reactor Training Centre for developing countries has been started. 

The Reactor Training Centre is assumed to contain a didactic laboratory', a power plant simulator, a computer terminal, a 
sigma pile, an exponential pile, a critical facility and a basic thermohydraulic laboratory. 

The devices are to be designed such as to allow didactic and training work; in addition, they should allow to perform 
experimental programmes related to the development of a nuclear programme of electricity production. 

The main part of the work carried out in 1984 has been devoted to core design calculations, aiming at defining the core 
sizes of the critical facility. 

1.2.4. OUT-OF-PILE FUEL CYCLE STUDIES 
(G. Minsart) 

Criticality studies of various designs of compact fuel storage racks have been carried out in the framework of a contract 
with ACEC. This work, carried out with the SCALE code system as available at SCK/CEN, extended over several months, 
according to the progress of the mechanical design of the racks made by ACEC. 

The multiplication factors of an infinite array of storage cells were computed for a Timber af pitch values in both directions, 
for several box wall and poison plate thicknesses. 

In addition, the criticality of finite racks, including structural materials at their periphery, was computed. This work will be 
continued for the analysis of the final mechanical design. 

1.2.5. APPLICATION OF NON-DESTRUCTIVE FUEL EXAMINATION BY GAMMA SPECTROMETRY 
(V. Willeken», L. Borms, J.-L. Génicol, L. Leenders) 

The non-destructive fuel examination by high resolution Ge(Li) gamma spectrometry in the BR2 hot-cells started in 1972 
with the examination of fuel rods unloaded from the SENA reactor. Since then, the technique has been improved and extended 
to under water examinations, so that it has actually reached its routine level for several LWR programmes; it has also been 
useful for FBR programmes. 

The measurement campaigns and the data handling carried out in 1984 are summarized in Table 1.2.5. 
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Table 1.2.5. 
S on-destructive fuel examination by gamma spectrometry 

Work carried out in 19H4 

Programme 
(purpose) 

Fuel Type Number 
of items 

7 pins TRIBULATION 
(high burn-up LWR fuel LWR uranium oxide 
behaviour including a possible 
power transient) 4 pins 

3 pins 

GAIN 
(high burn-up LWR fuel 
behaviour including 
burnable poison and a 
possible power transient) 

LWR uranium oxide 
with gadolinium 

11 pins 

6 pins 

4 pins 

2 pins 

6 pins 

1 pin 

Irradiation 

BR3 preconditioning 
BR2 transient 

BR3 preconditioning 

BR3 preconditioning 
BR2 transient 

BR3 preconditioning 

BR3 preconditioning 
BR2 transient 

BR3 preconditioning 

BR3 preconditioning 

BR3 preconditioning 

BR3 preconditioning 
BR2 transient 

NFIR 
(Demonstration of high 
burn-up fuel) 

BN-SCK/CEN LWR fuel 
development programme 

LWR uranium oxide 
5 pins BR3 

6 pins BR3 

LWR uranium oxide 8 pins BR3 
with plutonium 
and(or) gadolinium 4 pins BR3 

Measurement 

Mav 82 

Aug. 

Jan. 

Oct. 

Dec 

83 

84 

83 

82 

March 81 

Dec. 

April 

May 

84 

1 84 

84 

ELF 
(LWR fuel qualification for LWR uranium oxide 9 pins BR3 preconditioning Oct. 83 
power plants 
operated in load follow mode) 

Data handling 
and report 

Mav-June 84 

May-June 84 

June 84 

June-July 84 

Julv 84 

Aug. 84 

Oct. 84 

April-May 84 

April 84 

Apr. 84 
(y-Burn-up*) 

Sept -Oct. 80 

Feb. 81 

Oct.-Nov. 84 

Sept. 84 

July 84 

June 84 

7 pins BR3 April-May 84 Nov.-Dec. 84 

9 pins BR2 : P4, P5 
& P9 

2 pins BR3 

14 pins BR3 

Under water examination of LWR uranium oxide 12 ass. BR3 (2 cores) 
LWR fuel 
assemblies (demonstration 
experiments) with plutonium 

and(or) gadolinium 9 ass. BR3 
(1 to 3 cores) 

Feb. 83 

Feb. 83 * 

April-May 84 * 

Sept.-Oct. 80. 
July 81 

Oct. 84 

-

Oct.-Dec. 84 

Fcb.-March 84 Sept.-Oct. 84 

May 84 Sept.-Dec. 84 

* y-burn-up measurements, i.e. a low cost burn-up determination based on non-destructive measurement of the "Ts activity |9/l) (see Arnual Report 

1983. Bl.G 5A6,par 1.2.3.1.). 
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I . i é . NEUTRON FLUX INSrRUMENTATION FOR LWR POWER PLANTS 
(L. Leenden, R. Meail) 

The start-up channels at the LWR power plants are based on BF, counters, which are submitted to severe neutron and 
gamma environment. 

Studies sponsored by ELECTRONUCLEAIRE have been continued with a view to improving these so-called source level 
probes. 

- Based on previously reported studies, long lived, less activable and easily handled moderator pieces were designed for the 
practical case of the DOEL I & 2 reactors and were accepted for manufacturing. 
- Three defect BFj counters made available by DOEL 3. were examined. From the non-destructive examinations, it appeared 
that the central wires were broken, and a destructive examination was decided to determine whether this wire rupture is due 
to mechanical stress or to fusion. 
- In the meantime, operation tests simulating the power plant conditions were siarted in the BRI reactor. By the end of the 
year, no defect comparable with the defects observed for the power plant counters was detected. 

On the basis of the experience gained in contact with the utilities in this field, fifteen probes of several sizes containing one 
to four BF, counters have been made available by SCK'CEN for control of the first loading or refuellings of nuclear power 
plants. 

In 1984, some of these devices were used with their associated electronics for refuellings at DOEL 1 (February). TIHANOE 
I (March), TIHANGE 2 (April - May). DOEI. 2 (August - September). DOEL 3 (August - September). BR3 (May - October) 

1.3. LWR FUEL IRRADIATIONS 

1.3.1. THE TRIBULATION PROGRAMME 

1.3.1.1. General 
(F. Motte, D. Van der Eecken) 

The TRIBULATION programme was set up to study the PWR fuel behaviour at high burn-up and taking into account a 
possible earlier accidental transient in the power plant. The programme carried out by SCK/CEN and Belgonucleaire on 
behalf of 20 organizations (fuel vendors, utilities and national laboratories). 

The TRIBULATION programme includes 48 fuel pins, divided in subgroups of typically 4 pins, with various design or 
fabrication parameters. For each subgroup the following typical irradiation programme is carried out. The first irradiation of 
all pins is carried out in BR3 up to a preconditioning burn-up between 25 and 45 GWd/tm peak pellet. The linear power of 
the fuel pins during this irradiation i» typical for the 17x17 PWR design. After this pre-irradiation, all fuel pins are non 
destructively examined. 

Fuel pin number 1 will then be destructively examined to establish the influence of the preconditioning irradiation. Fuel pin 
number 2 will be further irradiated in BR3 up to 70 GWd/tmcto analyse thehigh burn-up effect. Fuel pin number 3 will be 
submitted to a fast operational transient in BR2 and will then be examined to analyse the effect of the transient itself. Fuel 
pin number 4 will be submitted to a fast operational transient in BR2 after which irradiation in BR3 will be continued up 
to 70 GWd/t„ in order to study the effect of the intermediate transient of the high burn-up behaviour of the fuel. 

After each irradiation period, all fuel pins will be submitted to a series of non-destructive examinations : visual examination 
and metrology, neutron radiography, gamma-scanning and eddy current testing. The destructi' - examinations will consist of 
fission gas release determination, ceramography, bum-up determination and local residual gases analysis. 

1.3.1.2. Irradiations in BR3 
(see par. 1.1) 

1.3.1.3. Transients in BR2 
(D. Van der Eecken, R. Oris, A. Falls, W. Detavernicr) 

Three scries of transients are planned in the TRIBULATION programme : in 1982 after the BR3/4B cycle, in 1983 and 1984 
after the BR3/4C cycle and at the end of 19S5 after the BR3/4D cycle. The transients in BR2 are performed using a combined 
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PWC-CCD-VNS installation. The fuel pin is ioadec in a Pressurized Water Capsule (PWC), surrounded by a Cycling and 
Calibration Device (CCD) which contains a 'He absorbing screen governed by the out-of- pile Variable Neutron Screen 
(VNS) installation. 
During the first half of 1984, work was concentrated on the irradiation programme of two fuel pins (matrix members 30 and 
36) which had to be subsequently shipped to Windscale (U.K.) for final destructive testing purposes. 

The transients in BR2 for these two fuel pins consisted of a preconditioning period for at least 2 days to be followed by a 
rapid power increase up to the transient level. After the transient hold time, the power is then rapidly decreased to well 
below its preconditioning level. Due to temporary problems with signal transmission to ths data acquisition system, it has 
been necessary to repeat the transient for fuel pin 36. 

1.3.1.4. Noa-destractiTe examinations 

(A. Deanldt, A. Gys, J. Keteb, L. Saaaen, J. Van de Velde, C. Van Loon) 

LHMA has carried out non-destructive examination campaigns o'" fuel rods before and after transient, including : 

- stereo visual examination and stereo photography of important rod surface features; 
- Eddy current examinations for cladding disturbances at different frequencies. 

1.3.2. ELF PROGRAMME 
(A. Demildt, A. Gys, J. Ketels, L. Sannen, J. Van de Velde. C. Van Loon) 

This programme aims at investigating "Effects of Load Follow on the burn-up capability of fuels". 

Nine fuel rods of the ELF programme have been irradiated in cycles 4A, 4A and 4B or 4B and 4C of the BR3 reactor. 
These nine fuel ods have been submitted to nen-destructive intermediate examinations providing the fuel rod characterizations 
necessary before the load follow campaign in OSIRIS. 

These examinations included visual examination, dimensional controls, neutron radiography, gross gamma scanning and Eddy 
current testing. 

None of these tests have evidenced an abnormal fuel rod behaviour. 

1.3.3. THE GAIN PROGRAMME 

1.3.3.1. Programme objectives 
(D. Van der Eecken) 

The main objective of this international programme is to provide an experimental data base of the in-pile thermomechanical 
behaviour of UOj-GdjO, fuel rods of the PWR design, irradiated up to 70 GWd/t„peak pellet burn-up. GAIN stands for 
GAdolinia Fuel INvestigation to extended burn-ups. The main fuel rod properties to be analysed in this programme are 
pellet-cladding interactions, fission gas release and water-side corrosion or crud deposits. 
The GAIN programme is not a transient testing programme as such. Yet, as a complementary analysis, some Gd bearing 
fuel rods are submitted to transients at intermediate burn-up and, to some extent, will be re-irradiated to high burn-up. 

Finally, the programme analyses -arious Gd bearing fuel fabrication and design parameters like fuel structure, gadolinium 
content in the mixture, type of gaoninium dispersion. 

1.3.3.2. Irradiation in BR3 
(see par. 1.1) 

1.3.3.3. Transients in BR 2 
(D. Van der Eecken, R. Oris, A. Falla, W. Detavernier) 

One fuel rod of the GAIN programme (matrix number 11) has been submitted to a transient in BR2, during 1984. The same 
combined PWC-CCD-VNS installation is used as for the TRIBULATION programme (par. 1.3.1.3). Due to a temporary 
problem with the signal transmission to the data acquisition system, the power transient was not successful. At the second 
GAIN programme committee meeting, it was decided to repeat this transient after BR3/4D cycle, at the end of 1985. 
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13.4. RADIOCHEMISTRV ANALYSIS OF SENA FUEL 
(R. Bodea, D. Hays, P. Dc Rcgfe) 

Burn-up analysis and fuel dissolution tests have 1 -en carried out on samples from the SENA DO 120 and W173 fuel rods. 
Particularly the results for rod DO 120, where two samples were taken at extreme burn-up positions, illustrate the effect of 
burn-up on the plutonium solubility in plutonium recycling fuel. The results are shown in Table 1.3.4. The plutonium 
concentration in the residue is nearly independent from the burn-up, but the absolute quantities are inversely proportional 
to the burn-up. The isotopic composition shows that the insoluble plutonium stems from the original fuel particles, whereas 
the plutonium formed during reactor life is dissolved in reprocessing conditions. Similar tests are planned during 1985 on 
the fuel rod C008, which was fabricated according to the MIGRA process, and for which so'ubility is expected to be entirely 
different. 

Table 1.3.4. 
SENA dissolution tests - plutonium data 

Initial PulU-Pu - 0.050 
Initial ^PujPu - 0.703 on 30.8.74 

PLUTONIUM IN RESIDUE 

SAMPLE 

Dl 
D2 

SAMPLE 

Di 
D2 

BURN-UP 
at.% 

1.71 
3.12 

MPu/Pu 

Solution 
0.643 
0.544 

RESIDUE WEIGHT % 
OF FUEL 

3.48 
2.01 

(in at.% on 18.5.84) 

Residue 
0.556 
0.397 

% of total Pu 

26.0 
15.0 

wt.% of 
residue 

28.0 
24.8 

1.4. LWR FUEL ASSEMBLY OUT-OF-PILE TESTS 
(A. Falla, J. Parent, R. Orb) 

In 1984, four hydraulic test campaigns have been carried out on standard and advanced (all Zircaloy) PWR 17 x 17 fuel 
assemblies (similar to DOEL 3 or TIHANGE 2 type). The tests were carried out in the Environmental Test Loop (ETL), a 
high pressure (160 bar) and high temperature (310*C) water test facility available at SCK/CEN. 

The purpose of the hydraulic tests was to compare the pressure drop of the end pieces and along the grids of the different 
fuel assembly concepts, at various temperatures (up to 305°C) and flowratcs (up to 525 m'.tr') and at a constant pressure 
(155 bar). More than 1200 pressure drop values, ranging from 0.005 to 3.5 bar, have been collected during the tests. 

Preliminary studies of the measuring device of the hydrodynamic drag in a fuel assembly have started in 1984. The first tests 
to measure the drag on a PWR 17 x 17 fuel assembly are planned for mid-1985. 

1.5. REACTOR PRESSURE VESSELS 

1.5.1. RESEARCH AND DEVELOPMENT PROGRAMME 
(A. Fabry, J. Debmc, Ph. Van Asbroeck, G. De Lccuw-Gicrts, S. Dc Leeuw, P. Dliondt, L. Leenden, R. Mcnil, G. Mimart, 
J. Van de Velde, L. VandcvcMe) 

The steel vessel of a pressurized water reactor is subject to a high internal pressure (150 kg/cm1). The thickness of the vessel 
wall is therefore important : about 25 cm for a 1000 MWe reactor. At nominal power, the temperature of the steel amounts 
to 300*C, which is the temperature of the cooling water in contact with the inner vessel wall. Heating-up and cooling-down 
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of the water at start-up and at shut-down of the reactor, respectively, are conducted at well controlled speed, in order to 
avoid important temperature gradients through the wail and therefore excessive thermal stresses: the internal pressure is 
varied accordingly, taking into account the temperature dependence of the steel ductility. High pressure at low temperature 
is obviously detrimental. Regulations are imposed to keep within certain limits the stresses induced by the '.ombined effect 
of temperature gradient and pressure at any tu.".", including significant safety margins. These limiis clearly depend on the 
mechanical properties of the vessel steel and of .ne welds. 

In addition to th:se operational transients, the effect of the safety water injection system on the vessel in case of emergency 
(depressurization following pipe rupture or valve malfunctioning) has also to be carefully examined. Such a situation which 
creates a thermal shock on the vessel steel requires detailed thermo-hydraulic calculations and fracture mechanics analysis. 

The irradiation of the vessel by fast neutrons produced in the reactor, mainly in the outer fuel assemblies of the core loading, 
modifies progressively the mechanical properties of the materials over the life of the plant. These modifications have to be 
incorporated in the safety evaluations. The resulting steel embrittlement is the highest close to the inner vessel wall where 
the fast neutron flux .„ the most important (the attenuation across the vessel is approximately exponential). Moreover, by 
reason of the staircase shape of the core boundary, the neutron exposure varies azimuthally: this variation also depends on 
the core management, more particularly on the burn-up of the peripheral fuel assemblies. Moreover, it must be pointed out 
that neutron damage is temperature dependent: gamma heating has therefore to be taken into account. 

A surveillance programme is therefore necessary- It comprises : 
- the examination of vessel steel specimens irradiated in surveillance capsules located inside the vessel, unloaded at regular 
time intervals during the life of the plant: 
- the calculation of neutron exposure in the vessel. 

The purpose of the work under progress at SCK CFN is to develop and update the methodology and the equipments used 
for metallurgical and chemical examination of surveillance specimens, mechanical testing and neutron dosimetry. Neutronic 
and gamma heating calculation methods are validated on the basis of experiments. Irradiation data fiom research reactors 
are analysed to obtain a better understanding of the embrittlement phenomena. 
This work is supported by ELECTRONUCLEAIRE representing the utilities, it is performed in the framework of a co
operative agreement with US laboratories (HEDL, ORNL, NBS) sponsored by the Nuclear Regulatory Commission ( N R O 

I.5...1. ORR Pool Side Facility (PSF) 

« dosimetry-metallurgy benchmark experiment is conducted in PSF. in order to correlate neutron irradiation effects 
(e.g. transition temperature increase, upper shelf decrease from Charpy tests) and neutron fieunces in a pressure vessel 
environment for six plate and weld materials provided by different laboratories. 

The facility consists of parallel steel plates simulating the thermal shield, a surveillance capsule and the pressure vessel of a 
pjwer reactor; it is exposed to the neutron flux of the ORR core. The surveillance capsule and pressure vessel simulator 
contain test specimens (Charpy, tensile. CT) made of the six selected materials. Accurate temperature control at 550°F (288'C) 
is achieved by means of electrical heaters. 

Two simulated surveillance capsules (SSC-I and SSC-2) were irradiated for 45 and 90 days, successively, at the surveillance 
position where the fast neutron Rax () 1 MeV) amounts to 6.7 x I0"n.cni ' . s 1 . The pressure vessel simulator was exposed 
for 600 days, the neutron flux at the inner surface (O T position), at the quarter thickness (1,4 T position) and at the half 
thickness (1/2 T position) being 7.0 x 10", 3.9 x 10" and 1.7 x lo"n.cm :.s ', respectively. This irradiation programme was 
defined in order to achieve fluence levels in the range of 7 x 10" to 6 x I0"n.cm ! for all the specimens and to compare 
neutron damage effects produced at different neutron fluence rates, for a same neutron fluence. The significance of the 
accelerated irradiation tests, as they are usually performed in a surveillance programme, has indeed been raised in the sense 
that these tests could lead to an overprediction of the damage in the vessel. 

The main characteristics of the materials, two plates, two forging and two welds, are summarized in Table 1.5.1.1. The copper 
and nickel contents which are the main impurities responsible for neutron embrittlement, vary significantly from one material 
to the other. One could therefore expect to check the validity of different correlations developed to predict mechanical property 
changes, including the effects of chemical composition, neutron fiuencc and possibly fluencc rate and neutron spectrum. 

A blind test exercise was organized by ORNL and HEDL and submitted to SCK/CRN and to numerous organizations. It 
was asked to predict the mechanical property changes (transition temperature and upper shelf energy shift) in SSC-2 and at 
different pressure vessel steel locations, starting from experimental mechanical test data for the six steels un-irradiated and 
irradiated in SSC-1, and from the calculated neutron flux distribution through the facility and the irradiation history [ I ' l l , 
1/3]. 

The first task was to analyse the charpy test results in order to define the transition temperature (TT) and the upper shelf 
energy (USE) for each material, before and after irradiation in SSC-I. SCK/CEN applies a non-linear adjustment procedure 
according to a hyperbolic tangent function; this procedure led to TT values in agreement with the values found by other 
laboratories (Battelle Memorial Institute, GKSS Geesthacht) using similar adjustement techniques. 
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Our prediction of the TT increase at the 41 .1 eneigy level was made by means of the correlations derived by G. Guthrie 
(HEDL) in 1982 on the basis of commercial power reactor surveillance data obtained or adjusted at an irradiation temperature 
of 288*C. These correlations appeared to be satisfactory with respect to the available SSC-I test results, even for the RR&A 
weld which has a nickel content of 1.58 "„. well above the range of Ni concentration in the data base for welds used by 
Guthrie « 1.2 °0). 

As to the decrease of the USE. the analysis of SSC-1 indicated a fair degree of correlation between ATT and USE : a linear 
relationship deduced from this observation was therefore used by SCK/CEN to predict the USE for the other mecimens in 
the blind test. 

Fig. 1.5.1.l.a illustrates the SCK/CEN predictions for ATT compared to the complete mechanical test results provided by 
MEA. On this figure are also represented the ATT curves as deduced from the Regulatory Guide t.99. Revision 2. issued 
later in 1984 by the USNRC The illustration is given for five out of the six materials (the comparison between prediction 
and test results for the A533B plate leads to conclusions very similar to those concerning the A302B plate). 

The conclusions can be summarized in this way : 
l )the SCK/CEN predictions underestimate systematically ATT for the A302B ^nd A533B plates and t^e 22NiMoCr37 forging; 
the discrepancies hardly exceed, however, the experimental uncertainty mar?*";, 
2) the SCK/CEN prediction ovei estimates ATT for the EPRI weld; here again, the dicrepancy lies approximately within the 
uncertainty margin; 
3) the underestimation for the RR&A weld is significant, except for the SSC-1 irradiation; 
4) no fluence rate or accele-ation effect can be pointed out; 
5) the use of dpa units (instead of fluence ) 1 MeV) is recommended but could not be supported by the PSF experiment. 

Tht blind test results were extensively discussed at a workshop held in Richland in April 1984 [1/3] and further analysed 
by ORNL and HEDL. 

The Regulatory Guide 1.99 (Rev. 2) estimates, as shown on the figures (not including the safety margins imposed in the 
Guide), are close to the SCK/CEN predictions, because the Revision 2 relies largerly upon the Guthrie correlation functions. 
At low copper content, however, the Regulatory Guide, which takes into account data from materials testing reactors, is in 
better agreement with the experimental ATT values, as shown for the A508-3 forging supplied by Cockerill. 

Three typical USE decrease curves are finally presented on Fig. l.S.l.l.b. As for ATT. the irradiation damage effect is 
underestimated for the RR&A weld and is correctly estimated for the other ones. The high level of sensitivity for this weld 
in the pressure vessel simulator suggests a time-at-temperature effect and contributions by two or more embrittlement 
mechanisms. 

Some additional general conclusions may be drawn as follow : 
- a detailed description of the dependence of the neutron irradiation induced shift of the transition temperature is sha lowed 
by the scatter on ATT ( e .g .ô - 15°C) and therefore there is no firm ground allowing a choice of a specification describing 
the effect of the interaction between copper and nickel on the transition temperature shift, several specifications giving 
equivalent results; 
- the use of complex equ; f.ions induced by a given data base and aimed at forecasting the transition temperature shift, can 
only be justified for steels with chemical composition belonging to this data base. 

Table 1.5.1.1. 
List of materials irradiated in PSF. with chemical compositions (wt."J 

Material Supplier P Ni Cu 

A302-B (ASTM reference plate) NRL 0.011 0.18 0.20 

A533-B (HSST plate 03) NRL 0.0'. I 0.56 0.12 

22NiMoCr37 forging KFA 0.009 0.96 0.12 

A508-3 forging MOL (COCKERILL) 0.008 0.75 0.05 

Submerged arc weld EPRI 0.007 0.64 0.24 
(single V-type, 
A533-B base plate) 

1.58 0.23 Submerged arc weld ROLLS-ROYCE 0.009 
(single V-typc, & ASSOC. Ltd. 
A533-B base plate) 
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1.5.1.2. VENUS PWR engineering mock-up 

The aim of the VENUS programme is to study the azimuthal and radial fast neutron distributions and the gamma heating 
near a well-simulated PWR core boundary and to relate them to the power rating in the fuel [1/6]. 

The VENUS core description and a summary of the measurements performed were given in the previous Annual Report 
[9/1]. The block diagram of Figure 1.5.1.2.a illustrates th; work under progress, including the theoi.-uical computations. The 
validation of the ca'>- dation methods concern : 

- the pin-to-pin core power distribution; 
- the equivalent fission neutron flux for a number of locations in the core, in the baffles, in th.- barrel and in the neutron 

pad; 
- the gamma aoses in the baffles, in the barrel and in the neutron pad 

By reason of the symmetry of the core, the measurements are performed for a 45° sector, as illustrated in Fig. 1.5.I.2.b. The 
power map was obtained by irradiating fresh fuel pins at selected locations, which were scanned on an automatic counting 
device. 

The corresponding calculation of the fission density distribution was made with the 2-Dimension transport code DOT 3.5 in 
XY geometry and S8 approximation; the 10-group cross-sections were obtained by space-dependent collapsing of the SCK/ 
CEN 40-groups library (spectra yielded by 1-Dimension 40-group problems). Accurately measured vertical bucklings (± 0.5 %) 
were used in these calculations. 

Both theoretical and experimental maps were normalized to a same average and compared. Although significant gradients 
are observed, comparison of the full maps indicates a good agreement ( ± 2 %) excep* for a few pins close to the outer 
baffle and also around the PYREX rods. 

The absolute core average fission aensity at the mid-plane level was determined by four independent methods, for the reference 
nominal power level. The result is (2.10 ± 0.04) fission/second per centimeter of fuel length, with a 90 % confidence interval. 
This value has been used to scale the computed fission density (and hence all the theoretical results). 

0«U «id «ip«rim«nl»l r«»uH» Th«or«Hc<i Compulsion» 

Neutron» Photon* 

Fig. 1.5.1.2.a. Block-diagram of the work for the VENUS-LWR benchmark experiment. 
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Equivalent fission neutron flux measurements have been performed throughout the core, the baffles, the barrel, the thermal 
shield and numerous other reflector locations for five threshold reactions as indicated on Fig. 1.5.1.2 a. The activation technique 
has been usid, except for the fissionable isotopes which involve miniature fission chambres and solid state track recorders. 
All measurements are benchmark-field referenced to the MOL Cavity (Uranium-235-Fission Spectrum Standard Neutron 
Field) and are normalized to the absolute core power [2/8). The ;"U benchmark-field flux has, furthermore, been re-verified 
by flux-transfer measurements from the NBS "2Cf Fission Spectrum Standard Neutron Field [2/14], 

All the avai)able data are compared to DOT (R,0) transport theory analyses accomplished by SCK CEN (S8 P3 computation 
with 17-group cross-sections derived from the VITAMIN-C 171-group library by space-dependent collapsing based on spectra 
yielded by 1-Dimension 171-group AN1SN calculations). The fixed fission source for this run was the coirputed distribution 
obtained in the previous step (XY model) normalized on the absolute fission density as determined experimentally and 
transposed in'o the R,0 grid by a home-made Fortran programme. The space-dependent fast neutron axial bucklings were 
also measured (to ± I "„) and used in this calculation. 

Typical experimental results are illustrated on Fig. 1.5.1.2.C and comparison between theory and experiment shown on Fig. 
1.5. l.Z.b, indicates that accuracy goals for azimutha! lead factor predictions are reasonably met. 

Interlaboratory integral gamma measurements have also been performed in the VENUS core baffles, in the barrel and in the 
thermal shield, under near-equilibrium conditions with respect to delayed fission-product emission. This was achieved by 
automatic insertion of the gamma sensors after three hours of operation. Various kinds of thermoluminescent dosimeters 
were used by experimenters; i.e. BeO by CEGB, 7LiF by RR&A and A120, by SCK CEN. 

Reference exposures in cobalt-60 fields as in one of the MOL Black-Absorber Capture-Gamma Standard Fields were made 
to verify sensor calibrations and check material quality assurance; also thermal neutron response corrections were experimentally 
assessed. Fast neutron response corrections and cavity corrections are not yet included; they arc expected not to exceed 10 "„. 

A first gamma transport theory calculation has been performed (DOT XY run, S8 P5) using the gamma source derived from 
capture and fission rates corresponding to the DOT XY 10-group neutron run, and the EURLIB-4 gamma cross-section 
library. Gamma doses at the experimental locations were then obtained by conversion of the gamma fluxes. 

After scaling to the absolute power level, the computed and measured dose rates were compared. Somf of these results are 
illustrated on Fig. 1.5.1.2.d. Although this part of the work is still in ;i preliminary stage of the evaluation, the agreement is 
most often better than 10 "„ in ihe outer baffle and also at larger distances from the core (barrel, pad). 

The VENUS PWR engineering mock-up is also being analysed by ORNL [2/19] and WESTINGHOUSE using the methods 
and procedures applied to analyse commercial PWR's. A workshop was held in London in October 1984 to discuss with US 
and UK partners the progress of this interlaboratory effort. 
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Fig. 1.5.1.2.b. VENUS core configuration (45° sector). 
Comparison of computed and measured equivalent fission fluxes. 
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1.5.1.3. Reconstitution of Charpy impact specimens 

Broken irradiated Charpy impact specimens will be reconstituted by a stud-welding process in order to increase the very 
limited number of Charpy impact specimens in pressure vessei surveillance irradiation capsule. The design of a stud-weld 
machine for hot cell work has been finalized and the necessary equipment (e.g. stud weld machine, milling machine) has 
been ordered and delivered. 

The reception tests with the milling-machine have been completed as well as adaptations for remote handling. An X-Y-Z 
optical-digitized translation- measuring system has been added to the main frame. The design of a remotely operated stud 
gun assembly has been completed. Alignment of the specimen and gun is provided through a stepping motor driven ball 
bushing guided frame permitting the chuck to move in a vertical position withou; excessive lateral movement. 
Attention has been given to the special form of the ceramic arc shields. Manufacturing of th?se ceramic arc shields has beer, 
tested. 

1.5.1.4. Metallographical surface analysis of pressure vessel steel Charpy specimens 

A metallograohical surface analysis of pressure vessel steel Charpy specimens is needed : 

- before testing in order to locate, in weld specimens, the relative notch position and to determine the type of weld (manual 
or automatic); 
- after testing in order to define the portion of the two broken parts which can be used in order to reconstruct a Charpy 
specimen; 
- after reconstitution of the specimen in order to check the quality of the reconstructed specimens. 

After metallographical analysis, the Charpy specimen has to satisfy the permissible variation specified by the ASTM F.23 
standard on impact testing. Therefore the amount of material taken from the specimen by polishing and etching has to be 
minimized. In order to reach this objective, electropolishing and etching equipment has been ordered. 

1.5.1.5. Chemical analysis of irradiated pressure vessel steel specimens 

The objective of this study is to set up a simple and quick global chemical analysis procedure (e.g. Cu, Ni, Mo) of irradiated 
pressure vessel steel specimens used in PWR surveillance programmes. A bibliographical study and tests on NBS steels 
standards wilh compositions rear pressure vessel steel compositions have demonstrated that the determination of Cu, Mo 
and Ni is possible by direct analysis of dissolved specimens using the inductively coupled plasma-atomic emission spectrometry 
technique (ICP/AES). 

1.5.1.6. Fracture mechanics aspects 

An instrumented impact tester of 30U J capacity has been ordered with its load, displacement and time measurement facilities, 
transient oscilloscope and fully computerized data acquisition analysis and calculation units. This instrumented impact tester 
will be used to determine fracture mechanics properties under dynamical conditions of un-irradiated or slightly contaminated 
specimens (e.g. KID : dynamic plane-strain fracture toughness and JID : dynamic plane-strain J-integral). 

Regarding the static determination of the J-integral, the equipment to be used within the framework of the technical possibilities 
developed during the last years is studied in order to allow the determination of the fracture characteristics by means e.g. 
of the "J-R" curve, using the computerized "partial unloading single specimen compliance" technique, developed by Naval 
Research Laboratory, EPRI and other laboratories, for compact tension type pressure vessel steel surveillance specimens. 
This installation will give the possibility to test 1/2" T CT specimens of the DOEL 3 and TfHANGE 2 pressure vessel steel 
surveillance capsules. 

1.5.1.7. Lead factor calculations for power plants 

This study, supported by ELECTRONUCLEAIRE, aims at updating the DOEL I & 2 neutronic calculations with a view-
to recalculate neutron fluence values in the surveillance capsules and in the core externals (thermal shield, pressure vessel, 
ex-vessel measurement locations). The codes and cross-section libraries used for this purpose are validated on experimental 
data from research reactors, more particularly VENL'S (see par. 1.5.1.2). 
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The geometrical model (R.Ö) for DOEL includes the respresentation of all the externals up to the concrete shielding and of 
the surveillance capsules at their three angular positions (13% 23", and 33"). The core neutron source distribution provided 
by TRACTIONEL in an XY geometry grid was transposed into the (R,Q) grid adopted for this study; at the same time, the 
initial enrichments and fuel depletion levels of each assembly were provided. This set of data is representative of a typical 
DOEL 1 or 2 cycle having the "normal* loading; it corresponds in fact to mid-cycle 4 of DOEL 1, and will be used as a 
"basic" or "reference" case. 

Several fuel cell depletion calculations were run in order to obtain the fuel compositions for the different initial enrichments 
and the given burn-up values for each assembly. Macroscopic self-shielded 171-group cross-sections were then prepared for 
each zone of the DOT R© problem; after cell-weighing of the cross-sections, a one-dimensional calculation has been run in 
order to yield space-dependent group-collapsed cross-sections (17-groups) for each region of the DOT R0 transport problem. 

It is planned to account for the differences of the power distributions corresponding to the various cycles of DOEL I and 
DOEL 2, by means of a variational method : a series of sensitivity calculations is performed in order to define the contribution 
of each peripheral assembly and of the central ones grouped in one zone, to the various responses to be analysed (flux above 
1 MeV or above 100 keV, reaction rates, equivalent fission fluxes for several detectors...) at selected locations. Using a 
perturbation technique, it is then possible to deduce, from the "reference" case and these sensitivity coefficients, the results 
corresponding to a modified power (or source) distribution. 

The input of the sensitivity calculations, performed as the "reference case" with the transport code DOT (R0 geometry, 
17-groups, approximation level S8, P3), has been also prepared. 

A second series of calculations is scheduled for the modified core loadi lgs (low-leakage cores); at least another "reference" 
situation is to be defined and computed. 

1.5.2. PRESSURE VESSELS SURVEILLANCE OF BELGIAN POWER PLANTS 
(P. Van Asbroeck, H. Tas, F. Casteels, J. Ketels, J. Van de Velde) 

Services .endered on behalf of reactor operators in pressure vessel surveillance programmes for Belgian power plants have 
included the following tasks. 

- The DOEL 2 reactor pressure vessel surveillance programme data have been reviewed and translated; 4 revised reports 
in English have been published. 
- Metallurgical study of the weld of a reactor pressure vessel : the objective cf this study is to explain neutron induced 
damage (depicted by changes in transition ti mperatures and in yield stresses) in terms of metallurgical structure by means 
of macro- and micrographies, chemical analysis, ageing behaviour and hardness measurements. The study of the ageing 
behaviour of a pressure vessel weld has been completed and finalized. Heat treatments at 290 and 330°C up to 10,000 hours 
induce a microhardncss HV20 increase of about 20 "„. A transmission electron microscopy study has not revealed a significant 
structural change. 
- PWR steam generator metallurgical and chemical evaluation : this study which was initiated as a service to utilities and 
is now part of a contract with EPRI includes visual examination, crud sampling and tubes conditioning for destructive 
examination such as various metallographical. microprobe, SEM analysis and bending tests. The different operations planned 
in the first part of this contract have been completed and finalized in a report. This report has been presented and discussed 
with EPRI and utilities representatives. This contract has been extended to other tubes and includes, in addition to the 
former operations and analyses, a metallurgical structure annealing sensitivity study. All these tasks were completed. Various 
other studies for the DOEL 1, 2 and 3 reactors have b en initiated and are going on in these areas. 

1.5.3. WORK IN SUPPORT OF BR3 OPERATION 
( A. Fabry, P. Gubel, Ph. Van Asbroeck, J. Van de Velde) 

The irradiation damage annealing behaviour of a A533B pressure vessel steel (HSST plate 03) irradiated up to 3.6 x 10"n.cm ' 
0 1 McV) in BR3 has been studied. A 100 "/„ recovery of the transition temperature shift is observed after heat treatment 
of 168 h at 400°C, furthermore in the condition of the BR3 pressure vessel annealing - i.e. 168 h at 343'C, the recovery 
observed on this A533B HSST plate 03 was already about 60 "/„. 

A review of the work under progress concerning the annealing of the BR3 reactor vessel was presented at the 12th Water 
Reactor Safety Information Meeting [1/8], 

1-20 



1 

SCK/CÎ !\) (ti -, [loses of an exceptional infrastructure for developing and testing of water cooler) reactor fuel This infrastructu'e 
"•'. • Kle.- . H O 

' o Vf NUS '"•• '<>• for the reactor physical simulation of fuel configurations (Fig 1). 
•ne F f| nop 'or ihe study of the Ihermohydraulio characteristics of PWR fuel assemblies (Fig 2), 
•so BFn 'ea' ' n ' 'or the nad'ation ijnrler representative conditions o' LWR fuels up to a high hum-up (f ig si), 
'•>• WYy •>•<]••• ,• 'u ' 'e .• r | possil.'y to! lowing irradiation n BR''!, of 'ijr:l runs under extrenie conditions or at power transients 



Chapter 2 

FAST NEUTRON REACTORS 

INTRODUCTION 
(H. Ceulemaas) 

On 10th January 1984, a "Memorandum of Understanding for co-operation in the field of ' IMF Breeder R'" was signed at 
Paris. Co-signatories of this Memorandum were the Governments of Belgium, France, the Federal Republic of Germany. Italy 
and the United Kingdom, with the possibility for the Netherlands to join in at a later stage. 

The signing of the Inter-Governmental Memorandum cleared the way for collaborative arrangements at the level of the relevant 
R&D Organizations, the Industrial Organizations and the Electricity Producers in the concerned countries. 

On 2nd March 1984, a memorandum was signed between Organizations representative ft r the R&D work and for the industrial 
activities related to Fast-Neutron Reactors within the five countries having signed the Inter-Governmental Memorandum. The 
Belgian Partners of the memorandum of 2nd March were SCK/CEN and Belgonucleaire. As stipulated in the latter, a set of 
three more detailed agreements covering the areas of R&D collaboration, Industrial collaboration and Licensing arrangements 
are in preparation. 

The first of those three, the R&D Agreement, is of special and direct importance to our institute. By the end of 1984 the final 
text of this Agreement was ready for signature. The Belgian Signatory will be SCK/CEN acting also on behalf of Belgonucleaire. 

It is envisaged in the memorandum of 2nd March that a series of three demonstration Fast Reactor power stations would be 
built in the participating countries, according to a sequential programme in order to derive maximum advantage from the 
experience gained during the construction of each reactor, it is expected that this would lead, within about twenty years, to a 
fully commercial common design of Fast Reactor electricity generating stations. 

The scale of the collaboration is at the measure of the effort still lying ahead. In 1984, electricity ; .-iK-ratcd in Belgium from 
nuclear energy passed the significant 50% mark and with the addition of two more units of 1000 M We each in 1985. nuclear 
energy will provide the backbone of our electricity supply, thus reducing our nation's high dependence on fossil fuels and 
contributing to the improvement of the national economy. In the next century, however, the present-day LVVR's may have to 
be phased out in favour of Fast Reactors to take over the task which the former will have performed up to that moment. 

In concluding those various agreements, the signatories commit themselves to a continued co-ordinated and equitably shared 
effort, expecting at the same time to be able to reduce gradually, after possible initial adjustment, the level of the national 
effort, in real terms. It also allows for a degree of specialization in line with the policy followed by SCK/C'EN with respect 
to the Fast-Neutron Reactor Programme, which has been aimed at concentrating our effort along the main lines of core 
materials, safety, neutronics and some activities related to the fast reactor fuel cycle. During the period under review, R&D 
work in these areas has been devoted mainly to generic Fast Neutron Reactor work and to the future reload cores of SNR-300. 

Construction of S N R - 3 0 0 has progressed well in 1984 and at year's end it had reached the final stages. Activity at the site 
was tapering off with the end of the construction phase being foreseen for April 1985. Zero-power operation is planned for the 
period December 1985-January 1986. 

In parallel with the afc. -ements involving the research organizations and the industrial organizations, the electricity producing 
companies have establish*.!, several years ago, the consortia NERSA and ESK, for the construction of Superphénix and SNR-2 
respectively. Whether a similar consortium will be set up for the successor of Superphénix, which is already under consideration 
in France and has provisionally been designated RNR-1500, is still not settled. As both SNK-2 ,1500 MV'e) anJ RNR-1500 
will be part of the sequential construction programme mentioned hereinabove, any firm decision concerning their construction 
would entail additional project-oriented R&D support, which should be shared by all organizations |»» tiripating in the R&D 
agreement. 

It should be emphasized that our R&D work on Fast-Neutron Reactors finds its meaning and justification in this broad European 
context, because this context only can give the necessary momentum for the achievement of the objective. The R& I) work is 
meaningful also to the extent that our industry can participate actively in the planning, design and construction of Fast-Neutron 
Reactors and in the fabrication of their components. It requires also the active participation of our electricity producers in the 
consortia ordering the construction of power stations based on this reactor type and, not in the least, the active interest of 
those responsible for the general energy policy of the country, due account being given to environmental, safety and licensing 
aspects. It should be emphasized, however, that according to all presently available information, the characteristics of Fast 
Reactors are at least as good as those of LWR's on all these counts. 
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2.1. MIXED OXIDE FUEL FABRICATION 
(A.J. Flipot. R. Gilissen. A. Smolders) 

After the decision, taken in 1983 to stop further research on the development of new fabrication techniques for CO.-PuO. 
fin.1. the activities in this field have been limited to supporting services to Belgonucleaire. 

2.2. FAST REACTOR FUEL IRRADIATIONS 
iJ.-J. Huet) 

The large demonstration experiments, SAPHIR and SNR-PX prepared mainly by the industrial partners, were loaded in 
PHENIX in December 1983. The irradiation ran smoothly throughout 1984 and no SCK/CEN action for post-irradiation 
work is expected before 1986. 

The post-irradiation examination for experiments KNKII T and Rapsodie II have been completed and the main conclusions 
drawn. No unexpected result was observed and. so far, it can be concluded that fuel assemblies for fast neutron reactors 
can be fabricated on the basis of the present specifications. 

FARFADET. CFC and POUSSIX parametric irradiations are conducted separately or jointly with Belgonucleaire in order 
to study one specific problem. The CFC programme has now come to an end with the completion of the post-irradiation 
work on CFC 06 and 08. Further experiments in the same line are now conducted in real conditions with the preparation 
of two Phénix irradiations as a joint action with CEA and KfK. 

2.2.1. CFC 06 AND 08 
(A. Delbrassine, A. Demildt, C. Blondeel, J. Ketels, L. Leenders. J. Van de Velde, C. Van Loon) 

The purpose of this experiment was to evaluate the fuel-clad chemical interaction between some advanced canning material 
alloys and the mixed oxide fuel in high heat flux and temperature conditions, bach rig contained five capsules of mixed oxide 
doped with Cs and Tc and canned with different alloys (ODS-ferritic steels, austenitic steels and high nickel alloys). One 
capsule was doped with Cs alone in order to evaluate the caustic corrosion induced by Cs at high chemical potential 
(a,-, = 1) and stoichiometric fuel (high oxygen potential). 

The last two specimes of this programme (E2/M3 and E8/MS5) were analysed with the microprobe. The pins E2 and E8 
contain mixed oxide fuel canned with WN 1.4970 CW. austenitic steel. None of the two pins failed during irradiator The 
pin E8 was doped with Cs while F.2 ontained Cs and Te as doping elements. 

- Fuel pin E8 (doped with Cs) 

Microprobe analysis was performed on a radial sample located at the fuel column centre (MS5). This sample showed 
intergranular and matrix corrosion zones. In the zone with intergranular attack, Cs and O0 have penetrated into the grain 
boundaries enlarging some of these which are parallel to the inner cladding surface. Line scanning carried out in this zone 
revealed the presence of Cr, Mn, O and Cs as main elements. 

In the fuel clad gap some Cr20, inclusions were observed. No Cs uranate could be evidenced; some trac.-s of Tc were found 

- Fuel pin E2 (doped with Cs and Te) 

The cladding corrosion is characterized by intergranular attack followed by matrix corrosion. 

At the grain boundaries, Cs, Te and traces of Cr, Ti and Mn are observed while the matrix is depleted in Cr and Fe and 
enriched in Ni. The fuel i ladding gap is filled with an intermetallic Fe-Cr phase containing some Ni, in which a mixed oxide 
of Cr and Ti is located. Between the cladding and this metallic phase, a ceramic phase containing Cs and Mo is detected. 
An important transport of cladding material components into the fuel has been observed. 

- Conclusions 

Comparison between results observed in the pins doped with Te alone, Te + Cs and Cs alone, suggest the following conditions 
to induce inner cladding surface corrosion : 
- the chemical Te activity should be high enough to form chromium and iron-nickel tellurides; 
- the Cs and oxygen potentials should be 'nigh enough to stabilize Cr 20, and/or Cs„rO«; 
- the chemical oxygen potential should be too low to oxidize iron. 
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These conditions can be respected when the oxygen activity ranges between -415 kJ mole and -515 kJ mole. 

The cladding alloys can be ranged in three categories : 
- the ODS ferritic steels are sensitive to volume corrosion induced Dy the Cs-Te mixture: 
- the high nickel alloys seem to be embrittled by the Cs-Te and cladding component migration at grain boundaries is «:nh need 
by this mix; 
- the austenitic steels WN 1.4970 and A286 seem to resist the best to the corroding environment: the presence of Cs and 
oxygen at high chemical potential enhanced the intergranular character of the attack in the pin clad with WN 1.4970. 

2.2.2. KNKII/1 ASSEMBLY 
(A. Delbrassine, A. Demildt, J. Van de Velde) 

The cause of the rupture of one pin (1.B.396) in the Belgonucleaire assembly of the first core of the KNK II reactor was 
further investigated. 

2.2.2.1. Destructive examinations 

Irradiated pins were further examined in particular to detect the presence of halogens. Fuel samples have been taken from 
pins 1B399, 1088, 1B226 and OB 102 and were submitted to a wet chemical analysis, allowing very small F and CI concentrations 
in the fuel and cladding to be determined. Metallographic examinations to characterize corrosion of the various types of 
cladding have been performed in pins A1088, 1B226 and 0BI02 including checks for the presence of F and CI. 

In relation with manufacturing control, puncture tests and fission gas analysis have been performed on several fuel pins of 
assembly NY28. 

The metallographic examination of the cladding revealed intergranular attack and a grain boundary phase at the inner cladding 
surface to a depth of 90 urn. Limited matrix attack has been observed on section M22, the attack started preferentially by 
an intergranular penetration mechanism and corrosion was observed up to 50 urn below the cladding surface. 

No penetrating cracks were found by additional metaliographic analyses at consecutive axial plans. 

Four specimens OB102/M22, 1B399M2. IB399 MSI and IB399MS2 were investigated by microprobe. The clad corrosion 
is marginal and is characterized by a very small matrix attack and some grain boundary attack at a few zones. Cs. Cr and 
Te are found in the fuel-clad interaction zone. On the grain boundaries some Cs but no Tc was detected. 

It seems clear that the reason for the failure is not due to a single cause. From the irradiation conditions and post-irradiation 
examination results, it could be concluded that the pin failure mechanism involved a synergy between chemical corrosion 
and high stresses in the cladding. The changes in irradiation conditions during start-up of the reactor can explain the local 
intergranular attack observed in some pins of the Belgonucleaire assembly in the KNK II first core. The linear power was 
increased from 40 to 100 °„ full power inducing a local oxygen potential increase due to the increase of temperature. 

2.2.3. FARFADET EXPERIMENT 
(A. Oelbrassine, C. Blondeel, J. Gedopt, J. Schrijvers) 

Thf FARFADET fuel pins have been fully fabricated, controlled and sent to BR2 for irradiation in six different rigs. They 
are now being examined by the BR2 Reception and Quality Control service 

2.2.4. RAPSODIE II EXPERIMENT 
(A. Delbrassine, A. Demildt, A. Gys, J. Ketels, J. Van de Velde, L. Sannen, C. Van Loon) 

The non-destructive and the destructive examinations of the selected pins of the Rapsodie II (or SNR4) subassembly irradiated 
in the Rapsodie reactor at high burn-up (10 at.°„) have been completed. 

An incident during the hot-cell manipulations of one of the pins revealed the presence of free metallic Cs at the lower blanket 
column level and in the plenum. Pin nr. 107 ruptured at the lower plenum level during an Eddy current test and a yellow-
flash was observed at the failure moment. This fuel pin opened in a notmal atmosphere was scaled and sent for axial 
y-spectrometry measurement. From the axial distribution of the "'Cs and ' " C . both in the failed pin and in an intact one 
(pin nr.108), it can be seen that the Cs present at the fuel level is completely bound to the ceramic column and partially free 
at the lower blanket level. 
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As expected, the examination of the pins of the Rapsodie II assembly did not reveal any effect which was not already 
observed in the monitor pin examined earlier. 

The oxygen potential in high burn-up mixed oxide fuel irradiated in a fast reactor remains rather low in normal conditions. 
Power ramping or cycling may lead locally to higher oxygen potential due to temperature differences in the fuel which can 
induce cladding corrosion. 

2.3. CANNING MATERIALS FOR FAST REACTORS 
iJ.J.-Hueti 

In 1982. the French C.E.A. decided to definitively stop the RAPSODIE reactor in whi.-h SCK 'CEN was running two 
experiments with the aim of demonstrating the good behaviour of oxide dispersion-strengthened ferritic steels. In order to 
obtain the expected results, two new experiments to be irradiated in Phénix were designed and prepared, (n the first one, 
two Oxide Dispersion Steel (O.D.S.) ferritic steel canned pins, with SNR Mk II dimensions will be irradiated with ten other 
pins canned with austenitic WN 1.4970 steel in order to evaluate the possible problems arising at the end of life when the 
fuel swells more than the canning (F.C.M.I. fuel-clad mechanical interaction). The capsule was loaded in Phénix in October 
and irradiation should normally be continued up to 1986 to reach 120 dpaF in the canning. The second one is a joint action 
with C.E.A. Nine O.D.S. ferritic steel specimens are irradiated in a capsule together with 3 pins in commercial ferritic steel, 
6 pins in an experimental austenitic steel and a standard pin. For this experiment, the O.D.S. ferritic pins were completely 
fabricated in Mol 4s well as the plug welding of the experimental austenitic steel. The capsule was loaded in Phénix in 
November and the irradiation should also continue up to 1986. These ferritic steel canned pins will serve as monitor for the 
large IDEFIX experiment which is now in the active fabrication stage. O.D.S. ferritic pins for an experiment to be loaded 
in the first core of SNR300 were also fabricated. 

A few capsules of the RIPCEX experiment which received only half of the specified dose in RAPSODIE were analysed and 
conditioned for their reirradiation in PFR. The capsules were loaded in the reactor at the end of the year. 

Post-irradiation examination of the Ripcex 1 experiment is nearly complete; it shows that the ferritic steel swells only very 
slightly up to the maximum dose obtained. Small differences can be observed between the O.D.S. and the commercial ferritic 
steel, but for practical purposes the swelling (AV'V) can be estimated to be + 1 "„, whatever the dose or the temperature. 
Irradiation creep is also very small, the calculated values being even sometimes negative. The reason for this is assumed to 
be that the small irradiation creep is overcompensated by the absence of primary creep under irradiation. 
Post-irradiation examination of impact specimens irradiated in BR2 between 325 and 400X, shows that even at that rather 
high temperature, the Ductile to Brittle Transition Temperature (DBTT) is increased significantly as well as the USE (Ultimate 
Strength Elongation). O.D.S. ferritic steel showed a low absorbed energy in these tests which, however, do not represent any 
actual solicitation of a canning material and the development of a more representative test is being envisaged. 

2.3.1. FABRICATION AND CONTROL OF CANNING TUBES 
<L. De Wilde, J. Gedopt) 

2.3.1.1. End of life irradiation 

The DT2203Y05 tubes used for the end of life experiment have been controlled by ultrasonic and Eddy current tests at 
SCK CEN in the presence of C.E.A. experts. This nondestructive control resulted in the selection of four cladding tubes 
from two different batches. The reproducibility of the chemical composition from batch to batch is excellent. Optical micrographs 
of snecimens of both batches in final condition reveal identical microstructures in both longitudinal and transverse directions. 

The constriction of the support of the fuel column is performed by local deformation of the tube using an clastically dcformable 
synthetic ring. 

The deformation is controlled by acting on the compressing force. The exact positioning of the support is controlled by 
radiographs. The gap between the inner tube wall and the support piece at the smallest diameter of the constricted zone 
was calculated to be 0.088 mm; measurements on the meta/lographic section yielded smaller values. No damage or cracks 
have been detected in any of the control specimens. 

2.3.1.2. TF.P irradiation programme 

For the "Test Element Programme" in SNR 300, a number of cladding tubes and bar stock material for end plugs and other 
structural parts of the fuel pins have to be fabricated. 

Powder mixing and beating were performed in the pilot installation at UF.H. Three powder batches of about 9 kg have been 
received. As reception test, the oxygen and nitrogen contents of the sub-batches were measured. After making them homogeneous, 
each hatch is divided into four extrusion billets. Two batches have been extruded into hollows and the third into rods. 
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After surface preparation, the first two hatches were cold drawn to final dimensions (6 5.24 mm) using a mixture of commercial 
oils as lubricant. Four intermediate annealing treatments and a final annealing were applied. This operation yielded about 9U 
m of tubing. The second batch has been hot swaged at 1100°C into rods of about 8 mm o, followed by annealing at 1050°C 
and ageing for 24 h at 800°C. About 16 m of bars are available for machining end plugs, fuel support pieces and other small 
structural parts of the fuel pins. 

Chemical analyses were performed on samples in "as extruded" and "final" conditions. Only very slight differences in 
composition are to be noticed for extruded tubes or rods from the same batch. This composition does not change during the 
thermo-mechanical treatments. The composition of the three batches meets all the specifications. 

Ultrasonics and Eddy current was applied using a tube provided with standard defects and with the same composition and 
fabrication history. The reference defects have been controlled by the manufacturer and at SCK CEN by measurements and 
microscopic examination of replicas. Furthermore, it has been demonstrated that the reflected ultrasonic signals from sound 
parts of the reference tube and a tube of TEP-1 batch are identical; the same applies to their microstructures. 

About 50 °„ of TEP-I and TEP-3 tubes have been accepted by the ultrasonic and Eddy current test procedure. Finally. 
19 tubes have been selected for the fabrication of TEP fuel pins. Dimensional control showed a very good reproducibility of 
the quality and a good agreement with the specifications. 

Tensile testing at room temperature and at 600°C and bi-axial creep tests at 700°C were performed on tubes specimens as 
well as room temperature tensile tests on bar material. The results are also in good agreement with the specifications. 

For the TEP irradiation, a fuel column support piece has to be constricted at a fixed level of the fuel pin. In the first place, 
the constriction force was determined by calculating the clearance between the tube and the insert for different forces applied. 
For the subsequent qualification tests, a 60 1<N force was applied resulting in a calculated clearance which is consistently 
within the specified one. Tensile testing on inserted pieces up to the specified force resulted only in a minor displacement of 
the insert (12 u,m) far below the allowed level. After these qualification tests, the TFP cladding tubes were constricted before 
welding of the lower end plug. 

The microstructures of both tube batches are quite similar, although one shows a somewhat larger grain size. 

2.3.1.3. IDEFIX 

A number of tubes has been extruded and cold drawn to intermediate or final dimensions in order to carry out tests on 
straightening, centreless grinding, tube pointing- and cold drawing in installations proposed by different suppliers. These tests 
have been made in order to enable the industrial manufacturer to make a choice of the necessary equipment for its pilot 
plant which is to be used for the fabrication of the IDEFIX cladding tubes. All installations have been ordered. Extrusion 
of the 180 kg powders prepared at L'EH was started. Subsequent cold drawing to final Phénix dimensions (6.55 5.65 mm) 
is to be performed by "Dour Metal" who took over co-operation with SCK C'EN from t EH. Therefore an agreement has 
been signed in December. A firm time schedule for the fabrication of the tubes, of the spacer wire and of the rods for plugs 
was agreed upon. 

2.3.2. MECHANICAL PROPERTIES 
(W. Hendrix) 

Long time creep tests are running on both DT2203YO5 and DT2906 tubes loaded axialiy or by internal pressure. The creep 
strength is slightly higher for tubes produced from powder batches prepared in Ihe pilot plant, but in general the scatter of 
the results is small and the results obtained from one batch to the other are nol significantly different. 

2.3.3. IRRADIATION EXPERIMENTS 
(A. De Bremaecker, A. Delbrassine, G. Biondett. R. Oris, J. Van de Velde. J. Ketels I 

2.3.3.1. Irradiations in PHENIX 

The fabrication of the DT2906 and DT2203Y05 clad fuel pins started in February. It appeared lhal the total number of fertile 
pellets sent by CE.A. was not sufficient; Moreover, some pellets were damaged. It was then decided lo modify the drawings 
and to add a tubular piece between the UOj pellets and the constricting piece. The qualification welds were not repealed 
since they were made and approved during the last year of fabrication and since then ihc procedure was nol modified 

The second plugs were resistance welded; the eleven O.D.S. fcrritic steel clad fuel pins were radiographed by ihc BK2 
Reception service and sent to Belgonuclcaire-Dcssel where the helical wire was placed and resistance welded In Ihe cap. 
Four ,:ontrol welds of the upper plug welds have been made, two on a PT2906 tube and two on a DT22D.1Y05. Tension 
testing gave a tensile strength of 920 MN which is satisfactory. The eleven fuel pins were sent to Cadarachc where they will 
be assembled 
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Twenty-eight rough bottom plugs and 30 top plugs in an experimental austenitic steel received from CEA have been machined 
to specifications fur resistance welding; the groove intended to receive the end of the helical wire was enlarged and the 
internal short extensions of the upper plugs were grooved to allow the orientation of both bottom and top end plugs. The 
first plug was welded on the nine cladding tubes after the qualification welds of the upper plug have been made on each 
batch of this steel. The fuel pins were filled with the pellets and welded. During the welding of the second plug of one pin. 
the recording machine failed; CEA was advised not to irradiate this pin. The nine fuel pins were transported to Cadarache 
in the same ccntainer that was used for the SCK CEN pins. All will be loaded in rig No. 6407 together with 3 CEA 
EM-12 clad fuel pins and one standard fuel pin clad with AISI 316 Tiy. 

All the certificates of the pins have been sent to Cadi..ache. The capsule was loaded in the reactor at the beginning of run 
nr. 33 of Phénix early in December. The target dose of 130 dpaF is planned to by the end of 19S6. 

The second report (the "technical reprrt") of the IDEF1X experiment has been written by CEA-Cadarache. It is planned 
that the wrapper tube of the first fuel bundle (to be irradiated up to 140 dpaF max) will be in WN 1.4970 CVV. the second 
(that should reach a dose of 180 dpaF) will be in ferritic steel SC 2I8I. the composition of which is very similar to that of 
FV448 or WN 1.4923. The specifications will be written by CEA-Cadarache in collaboration with SCK CF.N. The fuel pellet 
specifications were received from CEA by Belgonucleaire. 

As a joint DEBENE-CEA action, it was decided to study the fuel-cladding mechanical interaction (FCMI) at end of life in 
high-density fuel pins clad with austenitic stainless stell (WN 1.4970 CW. a "swelling" alloy) and ferritic steel (DT2203Y05. 
a "non swelling" alloy). The irradiation will be carried out in a capsule in which 12 pins will be loaded. The free parameters 
are the smeared density, the gap between clad and fuel, the presence of a central hole in the fresh fuel and the bulk density. 
SCK CEN fabricated the ferritic clad pins. IA, Nukem and 3elgonucleaire the others. 

Four of the fabricated tubes were filled with the UO : and (U. Pu)0, pellets after resistance welding of the first plug- The 
second plug was welded, the pins were cleaned and controlled. The qualification welds for the tube to the plus» and for the 
helical wire to the plug are very similar to those of the first mentioned experiment and the fabrication occurred, at the same 
time. The pins were then transferred to Belgonucleaire-Dessel to fix the helical wire by resistance welding. 

The pins and sub-assembly pieces were sent to Cadarache and from there to Marcoulj. The capsule was loaded during an 
intermediate stop of the reactor in October; irradiation started on 16th October. 

2.3.3.2. Irradiations in PFR 

The first intermediate examination of the PFR-M2 400°C rig is being carried out in Dounrcay. The 500C rig was loaded 
into the PFR reactor for cycle 8 and will be unloaded for the first examination at the end of this same cycle. The 600'C rig 
is waiting for the full-power operation of PFR. 

For the continuation of th ir irradiation as the PORRIDGE experiment, all the ferritic ropes of RIPCEX-i have iccn neutron 
radiographed, visually examined and. in order to eliminate some corroded layers, cleaned with water, phosp'.oric acid and 
alcohol. All the capsules, including the austenitic on^s, were then disassembled. Each PORRIDGE capsule, including the six 
austenitic capsules to be reirradiated in PFR under sponsorship of IA-KfX. was weighed and photographed. 

The capsules were transported to Dounreay mid June. The capsules were received, controlled and measured with the laser 
interferometer. They were loaded in the rigs in August and loaded in PFR in September. The reactor will soon be back in 
operation. 

2.3.3.3. Irradiations in BR2 

The project of a dismountable rig has been abondmed. Both undismountable rigs were loaded into BR2. OASIS 1 in February 
(cycle 2 84A) and OASIS 2 in March (cycle 3 84). Because of an incident at the head of the rig, a water leak occurred in 
OASIS 2; it has been withdrawn and repaired. A few weeks after reloading, another incident occurred; the tube was ;uain 
repaired but a limited leakage remained; moreover, three thermocouples failed during start-up. It has therefore been decided 
to unload OASIS 2 after about 5000 h and ii is hoped that OASIS I will reach an irradiation time 10.000 h. 

2.3.3.4. Irradiations in SNR 300 

In 1983. SBK approved the loading in the SNR 300 Mark I core, of a special assembly containing some ODS ferritic steel 
clad pins. It was decided to fabricate 10 pin.; to be irradiated for 3 cycles, in order to reach a dose of 65 dpa NKI 
(100 dpaF). The inner and outer gcomctiy of the fuel pm would be characterized in more detail. The fuel pin design had. 
however, to be adapted in order to take into account the special welding method necessary for ODS ferritic steel The new 
specifications were elaborated in close collaboration with the design team of Bclgonuclcairc. It was also decided that the 
Metallurgy department would act as a subcontractor of Belgonucleairc Dcssel. 
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2.3.3.5. Post-irradiation examinations 

2.3.3.5.1 ISIS 

All the Charpy test on the irradiated EM 12 samples have been completed. Quite normally, the transition temperature decreases 
and the upper shelf en rgy increases with the irradiation temperature. The correlation between the energy measurenK-.its. the 
brittle aspect fraction and the lateral expansion is quite good. The Charpy tests on "as-received" and irradiated DT and DY 
samples are also completed. The absorbed energy curves are not typical neither before nor after irradiation A transistion 
temperature of about + 115°C can be estimated for non-irradiated samples and 180'C for DT39I1 and 12<)°C for DT2203Y05 
irradiated samples. The upper shelf energy decreases from l.l J and 0.8 J before irradiation down to 0.28 J and 0.3 J after 
irradiation, for DT3911 and DT2203Y05. respectively. The curves are so flat that it is not possible to observe any effect of 
the irradiation temperature. 

In the unirradiated condition, the fracture aspect of DT and DY samples is different: at 22°C. the grain size of DY is much 
smaller than that of DT: the DT fracture is pure cleavage whereas that of DY is fibrous. At 205°C. the DT exhibits large 
crevices propagating through areas with a ductile aspect; at this temperature. DY seems mostly ductile but some cleavage 
can be observed. 

The in-ptle embrittlement of EM 12 is purely due to irradiation damage, whereas that of O.D.S. ferritie alloys is partly due 
to irradiation and partly to a thermal effect. 

2 3.3.5.2. RIPCEX IF 

All the ropes of RIPCEX 2 were radiographed in BR2. the diametral measurements carried out in BR2 hot-cells gave the 
same accuracy as in ihe Cadarache hot cells i.e. ± 5 um. The capsules were thereafter transported to the I.HMA where 
they were visually observed and washed. After cutting all the capsules at the plug-to-plug weld, the pressurized ferritic capsules 
that are not to be further irradiated in the "PORRIDGE-experiment" have been punctured to measure the remaining gas 
pressure. 

2.3.3.5.3. PROPHETF. 

The dimensional measurement of the "PROf-HETE" pins have been performed in the BR2 hot-cells. The diametral deformation 
and the bowing of the AISI 316 pin were rather large and very similar to those obtained in Cadarache. The total y-seanning 
and y-scanning of the fission products '"Cs. '"Cs and ""Rh and of the activation products M'Co and '4Mn have been performed. 
Because of a lack of precise data on composition and geometry of the internal structural pieces, the quantitative analysis of 
the "'Co and ,4Mn could not be performed. Concerning the fission products, the following features have been observed : 
a) there is a high peak of '"Cs and "7Cs at the bottom of the fissile column between the fertile and the fissile pellets in the 
AISI 316 CW clad pin, whereas the activities of "4Cs and "7Cs are constant in that region in the 15-15-Ti clad pin; 
b) the "4Cs and the "7Cs distribution is more or less uniform along the whole fissile colun.n of the I5-15-Ti clad pin. whereas 
in AISI 316 CW clad pin, it has a minimum at the point where the diametral deformation is large; 
c) there is a high "4Cs concentration at the bottom of both pins, whereas there is no '"Cs at all at these locations; 
d) the '"Cs concentration is about the same in the fertile column of both pins, whereas the "4Cs concentration is much 
higher in the lower fertile than in the upper fertile columns. 

2.4. FAST REACTOR PHYSICS 
(J. Dtbrut G. De Leeuw-Gierts S. De Leeuw, P. D'hondt, A. Fabry, R. Menil, (;. Minsartl 

The work performed in the field of reactor physics can be divided into four subjects : 

- participation in an international comparison of measurement techniques for the determination of the breeding gain in 'ow 
power reactor experiments; the measurements were performed in the reactor MASI'RCA. a fast critical facility in operation 
at Cadarache and supported by calibration in the BRI reactor; 
- characterization of the fast-neutron source reactor TAPIRO and implementation of a reactor dosimetry laboratory at 
Casaccia (Italy), in the framework of a consultants' agreement with ENEA; this work is carried out in support of the start
up programme of the materials testing fast reactor PEC: 
- dcvelt, ;ncnt of experimental techniques and calibration facilities related to the determination of the gamma heating in low 
power reactors and nuclear data testing; 
- characterization of certifiable reactor dosimetry materials of high purity, mainly used for fasi nculro;-. lluencc measurements 
in materials testing experiments, according to the CBNM programme on reference material' 



2.4.1. INTERCOMPARISON OF REACTION RATE MEASUREMENTS IN MASURCA 

Accuracy requirements for fuel fission and capture rate measurements and calculations in fast breeder reactor environments 
are severe. For a large oxide fuel reactor, it is e.g. typically estimated that an uncertainty of ± 2.5 % (1 o) on the core -
and blanket - integrated "'U capture to 2"Pu fission rate ratio alone, entails an uncertainty of ± 0.03 on the plant global 
breeding gain, to be compared with an overall accuracy request of in ± 0.015 [J.Y. Barre, "Summary of current NEACRP 
views on fast reactor breedg assessment", Nuclear Energy Agency Committee on Reactor Physics, Report NEACRP-L-229, 
June 1979]. 

After several inUrcomparisons on the reaction rate measurement field concerning "'Uff,), !"U(f„), 239Pu(f„) fission and 2,,U(C,) 
capture reaction rate ratios of of9/of5, af8/of5 and oC8/of5 the present situation is as follows : 

- rrf9/of5 seems to be in good agreement with variations of maximal ± 1.5 °„; 
- af8/CTf5 and aC,/af5 show larger variations lying significantly above the uncertainty levels quoted by the different laboratories. 

To investigate these discrepancies, a new interlaboratory comparison of reaction rate measurement techniques has been carried 
out in the critical facility MASURCA at CEN Cadarache in November 1984. This programme named IRMA is supported 
by the NEACRP (NEA Committee on Reactor Physics). The laboratories participating in this programme are : KFK Karlsruhe, 
SCK/CEN Mol, UKAEA Winfrith, ENEA Casaccia, EIR Würenlingen, CEN Cadarache and ANL Idaho-Falls (USA). 

Most of the participating laboratories have been performing fission chamber as well as foil activation measurements. Three 
different measurement positions in MASURCA were available : 

- MI : "in cell" position in Zona I (18 °„ Pu/Pu + U); 
- M2C : reference position for chamber measurements: 

- M2F : reference position for foil measurements. 

Another reference position M3 was available in the thermal column of HARMONIE for calibration purposes. 

The objectives of the joint participation of SCK/CEN Mol and ENEA Casaccia are the following : 

- measurement of absolute reaction rates : "'L'jn.f), 2"U(n,f) (for a reference core power) and 2J"U(n,y) at .selected locations 
within the mixed oxide and natural uranium oxide rods of the central core cell Ml; 
- measurement of the corresponding reaction rate i atios: 
- using appropriate corrections derived from CEA measurements and/or calculations, derive cell-average experimental values 
and uncertainties for the above integral data; compare to transport theory predictions; 
- contribute to scrutinize and assess uncertainties, potential sources of biases, corrections, entailed by this type of experiments, 
including possibly hidden correlations as well as possibly unrevealed causes for systematic errors. 

To meet these objectives, the following measurements were performed : 

- absolute fission chamber (NBS type) measurements for a large variety of 2"U, 2J*U and 23,Pu deposits in M2C; 
- during a 5 h high power run (2 kW), "'U and 2)!U activation foils were irradiated simultaneously in Ml, M2F and M2C. 
In this last position, a 2"U foil was loaded between the deposits of the absolute NBS fission chamber to provide a direct 
link between the foil activation and absolute fission chamber measurements; 
- absolute fission chamber measurements in the thermal column of HARMONIE. 
These measurements will be linked to those obtained in the thermal column of the BRI reactor. 

Data analysis is progressing. A meeting between participants to discuss the results is scheduled for Spring 1985. 

2.4.2. TAPIRO FAST-NEUTRON SOURCE REACTOR CHARACTERIZATION IN SUPPORT OF THE PEC FAST 
NEUTRON FLUX REACTOR 
(A. Fabry, P. Moioli*, M. Angelone*, M. Carta, A. D'Angelo*) 

* ENEA, Casaccia, Italy 

A consulting and exchange agreement has been established with the Italian ENEA, Casaccia Laboratory, under the sponsorship 
of the ENEA Fast Reactor Technology Division. This agreement is centred on the development of experimental and analytical 
methods needed to characterize the radiation field in the PEC Fast Neutron Test Reactor, both at start-up and later. 
Emphasis has been put on the neutronic component of the field, with growing interest into gamma-ray energydeposition. The 
TAPIRO fast-neutron source reactor at Casaccia is used as a tool and developed as a Benchmark in the above context. A 
schematic cross-section view at midplane is shown on Fig. 2.4.2.a. The core is a uranium-235 enriched cylinder, surrounded 
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GRAPHITE HAS BEEN 

REPLACED BY CONCRETE 

Radiai channel 1 

Radiol cMnml 2 

Oiamatral chanm! 

Fig. 2.4.2.a. Horizontal section of TAPIRO reactor at core midplane : general configuration for the neutronic characterization 

Fig. 2.4.2.H. Integral response functions of selected characlerizer reactions in PEC reactor core (—) anil in TAPIRO reflector at 
R-10 cm (—) 
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by a copper reflector and by concrete. Criticality is controlled through reflector leakage using partially inserted copper shim 
rods and a copper regulation rod. To obtain a symmetric configuration, the original graphite thermal column has been replaced 
by concrete. The main three experimental channels (diametral, radial i, radial 2) are aiso indicated on Fig. 2.4.2.a. The many-
local heterogeneities and other complexities of TAPIRO have been thoroughly investigated, but cannot be addressed in the 
present summary report. 

As schematically illustrated by Fig. 2.4.2..', the TAPIRO copper reflector provides neutronic environments in which the energy 
response range of selected integral reactio.1 rate sensors is well comparable to their expected response in the PEC fuel driver 
zone. This is true as well for the PEC nickel reflector, most importantly at its boundary with the fuel where the control rods 
are located; it is one among the objectives of the PEC start-up programme to optimize future control rod worth at the 
interface with a structural reflector. Fig. 2.4.2.C., resulting from the many data already obtained at the TAPIRO, is aimed at 
outlining some features of the accomplishments and the challenges. The left-hand side displays experimental radial reaction 
rate traverses for three essential characterization sensors, "*Pu(n,f), 2,*U(n,f) and -,7Np(n,f) as measured by means of highly 
miniaturized fission chambers (diam. 1.5 mm) calibrated at the MOL Fission Spectrum Standard Neutron Field including 
with respect to NBS absolute measurements. The right-hand side provides two selected plots of catcu!ated-to-experiment (C 
E) ratios. 

The relatively recent cross-section library EN DF/B4, heavily based on differential cross-section measurements, does inadequately 
represent the observations. A crudier set, the MOL-BR2 library, based on the old Russian ABBN evaluation in the energy 
range considered, performs acceptably well, except for mNp(n,f), a reaction whose response is very close to the damage rate 
exposure unit or metallic structural components (displacement per atom, DPA). The Russian library was adjusted to properly 
account for spherical shell transmission experiments similar to the ones following the early LOS ALAMOS approach of H. 
BETHE et al. (Russian work is not inclusive of :"Np(n,f) measurements). 

A modern "Copper Shell" version of this precursing and successful benchmarking method has been implemented in the BRI 
one-meter thermal column cavity for joint investigation by the MOI. and ENEA teams (Fig. 2.4.2.d.). 

Fi%. 2.4.2.c. Experimental radial reaction rate traverses in TAPIRO reflector (left-hand side) and comparison with two-dimensional 
R.7. transport theory based on two selected cross-section libraries (ri%ht-hand side) 
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NATURAL URANIUM COPPER 

Fig. 2.4.2.d. MOL copper shell benchmark : vertical cross-section sketch 

High-resolution neutron spectrometry by means of the ',Li(n,a) reaction is in progress and will help in the interpretation of 
more integral data such as the ones to be obtained with fission chambers. For PEC purposes, a similar "Nickel Shell" 
benchmark would be most useful. Among the thirteen other Tasks forming the joint programme, the importance and success 
of sustained interlaboratory comparisons of radiometric rea' '.ion rate measurements must also be highlighted. For example, 
absolute '"Ba-'^La detection of fission rates at ENEA and MOL agree with each other, agree with longer h.it-life detection 
("Zr-"Nb, ""Ru) ano agree with absolute fission chamber measurements at an accuracy level of { 2 "„ (1 a). The methodology 
has been jointly applied in the framework of the IRMA international intercomparison at MASURCA (F.anccXSee also 
section 2.4.1.). Similarly, MOL-ENEA comparisons for all reactions on Fig. 2.4.2.b. arc proceeding successfully; self-shielding 
for resonance sensors as well as other correction capabilities are being developed rapidly. Hence, in summary it is clear that 
the objectives of the contractual agreement are in the process of being met. 

2.4.3. IMPROVEMENT OF EXPERIMENTAL TECHNIQUES AND NUCLEAR DATA 

Experimental techniques 

The one-meter diameter spherical cavity in the vertical graphite thermal column of the BRI reactor is being further used to 
generate reference gamma fields. The dc i ce located on the axis of the cavity is a I mm thick cadmium cylinder (O.D. 54.5 
mm) surrounding a pyrex support tube. The gamma field inside the cylinder results from thermal neutron capture in the 
cadmium. Capture gamma rays from the graphite around the cavity and gamma rays from the reactor core contribute by 
less than 4 \ (8/14). 

Thermoluminescent dosimeters (TLD) for gamma energy deposition measurements were previously exposed in the gamma 
field with the participation of CEGB and RR&A. The measurements at I MW reactor power were analysed and provide the 
results listed in Table 2.4.3.a. 
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Tr.ble 2,4.3.a. 
Dose rate measured in the BRI gamma field 

Laboratory 

SCKCEN 
CEGB 
RR&A 

Type 

ALO, 
BeO 
'LiF 

ofTLD 

0 6 mm x 0.9 mm 
0 6 mm * 0.7 mm 
0 6.3 mm x 0.09 mm 

Dose rate 

3.59 x 10 'R/h(± 5.2 °„) 
3.63 x 10'R/h (± 3.0 °„) 
3.30 x 103R/h (± 8.4 °„) 

The SCK CEN calibration relies upon comparison of the TLD's with a reference air-filled ionization chamber in the gamma 
field of a ""Co source 

Furthermore, a high-sensitivity calorimeter (down to 10 uW/g), developed at the Imperial College of Technology (London), 
was tested in the same BRI gamma facility [2/13]. On the basis of these tests, an improved version of the calorimeter is 
be.ng studied. 

The objective of the application of different techniques in the BRI gamma field is the prcr <e characterization of the facility 
which can then be used as a reference field for TLD measurements in low power reac ^.rs (MASURCA, irradiation loop 
mock-ups in BR02). This method allows to irradiate TLD's simultaneously in BRI and in the low power reactor under study, 
and to achieve similar doses at both locations (the optimum is at about 100 Rad or 1 Gray) by adjusting the BRI reactor 
power level. Systematic errors (non-linearity, fading in TLD's) can be reduced in this way. Moreover, a direct link between 
TLD and calorimetry techniques provides a consistency check between gamma flux and gamma heating, the only quantity 
ot interest from the engineering point of view. 

Nuclei (lata 

The intcrcomparison of experimental and theoretical data in three spherical configurations of iron and natural uranium 
[9 1], composed by a fast neutron driver U„, shell of 1 cm thickness and two iron shells of 7 and 14 cm thickness, has been 
published [2/7]. 

The neutron spectra, mcasuied between 100 keV and 6.5 McV by means of the Ti(n,a)t and (n,p) techniques and extrapolated 
below and above these energy limits with the corresponding theoretical spectra, calculated with the DTF IV - KEDAK 3 
code, were ased, together with the ENDF B V dosimetry file, to calculate the threshold fission and "'Infn.n') reaction rate 
The latter, together with those deduced from the same file and the theoretical DTF IV - KEDAK 3 (208 gr) and ANISN -
VITAMIN-C (171 gr) spectra were compared to the experimental NBS (Washington) and SCK/CEN reaction rates. 

Table 2.4.3.b. summarizes the intercomparison of the 0,0-238, results. 

The discrepancy between the experimental and ANISN spectral indices, increasing with the Fc thickness, points out that the 
inelastic Fe cross-section of VITAMIN-C is too high. This cross-section is compared in Fig. 2.4.3. to the o,„ of Fe in KEDAK 
3. 

Table 2.4.3.b. 
Calculated measured spectral indices in 'J-Fe assemblies 

CONFIGURATIONS 

ISOTOPE 

"Np 
•MIJ 

n; 
"Pu 

1 cm LUI) 

DTF IV (a) ANISN (b) 
KEDAK 3 
NBS results 

1.03 
1.02 

1.04 

VITAMIN-C 
NBS results 

1.05 
1 04 

1.05 

DTF IV (c) 
KEDAK 3, 
Ti results 

0.98 
0.98 

0.99 

1 cm 

(a) 

1.01 
1.00 
0.95 
1.10 

Un„ + 7 cm 

(b) 

1.08 
1.08 
0.97, 
1.17 

Fe 

<«) 

0.98, 
1.00 
0.98 
0.99 

1 i 

(a) 

1.01 
1.00 
0.93 
1.03, 

cm U, „, + 14 cm 

(b) 

1.13 
1.15 
0.97 
1.16 

Fe 

(c) 

0.99 
0.99 
1 00 
0.99 

il) Reaction rate u*cd in the I cm \lnm configuration lakes into account the maximum J,M' contamination 
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Fig. 2.4.3. Comparison of the a,„ of Fe in the ENDF B IV and KEDAK i libraries. 

2.4.4. CHARACTERIZATION OF DOSIMETRY MATERIALS 

The behaviour of materials irradiated in a reactor is affected by fast neutron damage depending on neutron fluencc and 
energy. Sets of dosinetry materials are required to determine neutron flux, fluence and energy spectrum at particular locations 
within the reactor, ihe CBNM Geel has started a programme on preparation and characterization of certifiable reference 
materials for reactor neutron dosimetry. Materials of a very high purity are required in which the impurity levels leading to 
nucleai interferences are small and/or accurately known. This CBNM programme is carried out in co-operation with the 
Monitor Material Subgroup (MMSG) of the EURATOM Working Group on Reactor Dosimetry (EVVGRD). which acts as 
an advisory group to CBNM, and assists in both the definition and the execution of the programme. 

The four main topics in the working procedure for the certification of reference materials, as elaborated by the MMSG, are 
: the impurity specifications, the choice of the base material, the preparation and the certification of' the reference material. 
As a large part of the certification work is of an analytical chemical nature, which cannot be covered completely by CBNM 
and MMSG, assistance from specialists laboratories within the European Community is required. 

In 1984 a number of reception analyses of materais (Fe, Cu, V), homogeneity controls of I "„ and 0.1 '•„ Co AI alloys and 
a certification analysis of AI have been carried out by Neutron Activiation Analysis (NAA) at SCK CF.N. For the characterization 
of Fe reference material, appropriate irradiations in BRI and BR2 were performed. Co and Mn impurity levels less than I).I 
ppm are needed to meet the MMSG purity requirement for Fe. NAA measurements on the Fe reference material revealed 
a Mn amount of 0.07 ± 0.02 ppm and a Co amount of less than 0.03 ppm. 

A new reception analysis of a Cu batch obtained alter homogenization, performed by CBNM, of several Cu batches, for 
which NAA were made during 1983 and presented in the 1983 Annual Report, was performed. The results arc given in Table 
2.4.4.a. 
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Table 2.4.4.a. 
Measured impurity levels for different samples from the same hvmugenized Cu 

reference material 

Batch 
Element 

Cu 1 
Cu 2 
Cu 3 
C u 4 
Cu 5 
C u l 
Cu II 
Cu III 
Cu IV 
Cu V 

„ confidence limit 

Co 

0.014 
0.014 
0.012 
0.018 
0.017 
0.012 
0.014 
0.014 
0.019 
0.016 

+ 25 " 

Impurity level (wt.ppm) 

Sb 

1.2 
1.2 
1.2 
1.2 
1.1 
1.2 
1.2 
1.2 
1.2 
1.0 

± 10 °„ 

Ag 

0.85 
0.81 
0.82 
0.84 
0.84 
0.87 
0.82 
0.80 
0.83 
0.76 

± 10 '„ 90 

The results of this analysis are in agreement with the requirements established by the MMSG with respect to the Co-impurity 
(< 1 ppm). Measurements have been carried out on vanadium to be used in 25Th,"V and !!"U'V alloys. A Ta impurity level 
of 2-4 ppm was found. This level meets the purity requirement established by the MMSG. 

A certification analysis on i mm and 0.1 mm thick foils and 0 1 mm wire of Al was performed. The use of the "Al(n.a)"Na 
reaction in dosimetry interferes with the "Naln.y^'Na reaction. A Na impurity level of 1 ppm is required by the MMSG. 
By unloading eight fuel channels around Y4, a thermal column was created in the centre of the BRI reactor. The high thermal 
to fast neutron flux ratio at this irradiation position allowed us to measure Na impurities as low as 0.07 ppm. The irradiations 
in Y4 were supplemented by means of 2 h irradiations in the pneumatic transfer system X26 of BR 1 and 7 h irradiations in 
the channel K109 of BR2, in order to perform a panoramic analysis of the AI reference material. The results are summarized 
in Table 2.4.4.b. 

Table 2.4.4.b 
Observed impurity levels in Al in wt. ppm 

Batch FO.1-1 FO.1-8 Fl-A FIB Wl-G Wl-H fl(A) fl(B) 
Element 

Na 
Sc 
Cr 
Mn 
Co 
Ga 
Sb 
W 
Ir 
Th 
U 

0.17 ±0.06 
0.003 
0.02 
0.05 
-
0.02 
0.005 
0.14 

-
0.003 
0.1 

0.47 ±0.09 
0.003 
0.04 
0.1 
-
0.03 
0.002 
0.18 
-
0.003 
0,1 

0.15 ±0.04 
0.003 
0.005 
0.04 
-
0.02 
0.001 
0.10 

-
-
0.01 

( 0.16 
0.003 
0.01 
0.02 
-
0.02 
0.001 
0.05 
-
-
0.02 

0.83 ±0.15 
0.003 
0.02 
0.07 
-
0.04 
0.004 
0.11 
-
-
0.06 

0.55 ±0.10 
0.003 
0.02 
0.05 
-
0.03 
0.004 
0.09 
0.0003 
-
-

0.07 + 0.05 
0.002 
0.04 
0.09 
0.06 
0.05 
0.008 
0.02 
0.0001 
0.004 
0.1 

< 0.06 
0.002 
0.04 
0.13 
0.06 
0.05 
0.008 
0.02 
0.0001 
0.005 
0.1 



2.5. FAST REACTOR SAFETY 

The fuel element behaviour under off-normal local cooling conditions and the possibility of pin-to-pin failure propagation are 
of special interest for LMFBR safety. As part of the joint MOL 7C programme, SCK/CEN and KfK have set up related 
experiments in a sodium loop of the BR2 reactor, in order to examine the possibility of pin-to-pin failure propagation and 
the cooling of a test bundle with a local porous blockage in some of the cooling channels. 

Two experiments with fresh fuel and a blockage of stainless steel particles were carried out in 1977 and 1978, respectively. 
A third experiment with fresh fuel pins and a blockage of U 0 2 particles was carried out in 1980. 

In 1983 and 1984, two experiments were performed with fuel pins preirradiated in the KNK II fast reactor. The blockage 
consisted of U0 2 particles. Additional experiments are being envisaged. 

Within the framework of the European PAHR (Post Accident Heat Removal) programme, SCK/CEN will perform three 
experiments in BR2, with the aim of studying the cooling at long-term of an initially liquid Na saturated core debris bed 
with internal heat dissipation. 

An integrated type test loop - called P1RAMID - was designed and optimized for this programme. Its development has 
been based on the experience of SCK/CEN in conducting in-pile Na loops and the results of an extended back-up programme 
covering different topics such as materials compatibility studies, instrumentation, data acquisition system, UO, and Na filling 
procedures, instrumentation passages, etc... 

Collaboration with the von KARMAN Institute led to the simulation and visualization of the phenomena and their theoretical 
modelling. The computer code TORWALL resulting from this collaboration allowed temperature field calculations and, with 
the code SAMCEF of the University of Liège, the calculation of thermal stresses. The first irradiation - i.e. PIRAMID 1 -
is planned for the end of 1985/begin 1986. 

In 1984, SCK/CEN' continued to participate in the activities of several working groups of the CEC and. more particularly, 
in the activities of the Safety Working Group (SWG) of the Fast Reactor Co-ordinating Committee (FRCC). An important 
goal of the SWG is to prepare the harmonization of LMFBR safety criteria within the CEC. 

2.5.1. MOL 7C 
(G. Vanmassenbovc, A. Verwimp, C. Geboers, M. Decreton. C. Decloedt, R. Oris) 

The MOL 7C project is carried out in collaboration with KfK-Karlsruhe. The MOL 7C loop is designed for the irradiation 
and testing of a fuel bundle with 37 pins (30 U 0 3 or U03-PuO, fuel rods and 7 dummy rods). The fuel bundle contains a 
porous local blockage, which is additionally cooled via the central dummy tube during preirradiation. The transient phase is 
initiated by interrupting this additional cooling. 

The first two experiments, MOL 7C/1 and MOL 7C/2, with fresh fuel pins and with a non-active local blockage of stainless 
steel spheres, have been carried out in May 1977 and March 1978, respectively. A third experiment, MOL 7C/3. with fresh 
fuel pins and an active local blockage of enriched U0 2 particles, was carried out in October 1980. 

A fourth and fifth experiment, MOL 7C/4 and MOL 7C/5 were carried out in December 1983 and November 1984 respectively. 
Fuel pins, preirradiated in the KNK II reactor were used for these last two experiments. 

2.5.1.1. Experiments with fuel pins (MOL 7C/I, 2, 3) 

All three experiments developed in a quite similar way. After interruption of the additional cooling flow to the local blockage, 
the temperature in the blockage increased verv rapidly. The sodium boiling point was reached within a few seconds. Dry-out 
occured and led to a very steep temperature rise. Massive fuel pin failures were evidenced by the delayed neutron detection 
system. After z *>w minutes, stable cooling conditions were established again. No significant differences between the experiments 
with steel blockage (MOL 7C/1, 2) and the experiment with a blockage of fuel particles (MOL 7C/3) were found. The only 
remarkable difference between the three experiments was the formation of an important secondary blockage in the first 
experiment. The pins of the first experiment had a higher gas content. 

This series of experiments showed that only a very large local blockage would lead to local sodium boiling. Local sodium 
boiling in a porous blockage very rapidly leads to dry-out and fuel pin failure. In spite of the failure of a large number of 
pins, no propagation of the failure to the whole bundle cross section takes place. Fig. 2.5.1.1. shows a cross-section through 
the upper part of the local blockage in the three experiments. One sees that the damage is limited to the central zone, without 
propagation to the external row of the bundle. 
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M0L7C/1 M0L7C/2 MOL7C/3 

Fig. 2.5.1.1. Cross-section through the upper part .ƒ the local blockages of the MOL 7C IJ J bundles icerumographic examination 
made by KfKl 

2.5.1.2. Experiments with pre-irradiated fuel pins I MOI. 7C/4-5) 

MOI. 7C 4 

The fourth in pile local blockage experiment of the MOI. 7C series was performed in December 1983. Pre-irradiated fuel 
pins from the KNK II reactor with a maximum burn-up of 48 MWd kg were used. In May 1984 the in pile loop has been 
dismantled and the bundle has been transferred under solidified sodium to the hot cells in KfK Karlsruhe. Betatron examination 
showed that the inner wall of the double walled wrapper lube was locally damaged by contact with molten fuel at the level 
of the local blockage. The axial extent of the damaged fuel zone is comparable with the previous experiments, but in radial 
direction the failure zone is no longer symmetrical but shows a local extension up to the boundary of the bundle. This 
behaviour is essentially different from the previous experiments. Destructive examination of the bundle will be performed in 
1985. and will determine better the nature and extent of the damage. 

MOI. 7C 5 

The 30 pre-irradiated fuel pins with a maximum burn-up of I n.5 MWd kg were loaded in the MOL 7C 5 test train by means 
of the loading mechanism already used for MOL 7C/4. Gas samples taken after the loading operations indicated that all fuel 
rods were still leak-tight. After insertion of the test train with the fuel bundle in the in-pile section, the complete loop was 
transferred to the BR2 storage canal for sodium filling. For this, the loop was fixed on a work floor installed above the canal. 
The lower part of the in-pile section was below the water level; in this way a radiation shield for the bundle of pre-irradiated 
pins was provided. The sodium circuit was connected to a filling station. All instrumentation was connected to a data 
acquisition system. The situation during sodium filling is represented in Fig. 2.5.1.2. Sodium filling was performed with the 
loop and the filling tank heated to approximately I30°C. Rinsing of the in-pilc sodium circuit was done by heating to about 
U(!"C. dumping and freezing of the sodium three times. After final sodium filling, the loop was transferred to the BR2 reactor 
pool and subsequently loaded in the central reactor channel. 

The irradiation campaign of the MOL 7C/5 experiment was performed in November 1984. For this experiment the procedure 
applied for initiating the testphase was modified. The local blockage valve was closed already before the start of the reactor 
power rise In this way the gradual formation of a blockage with slowly rising temperature was simulated. At 70 "„ of nominal 
reactor power, a small pin failure (gas leak) was evidenced. The sodium temperature in the local blockage at that moment 
was 710"C 

The failure had no further consequences and it did not extend during the further reactor power rise. At a reactor power of 
approximately 96 °,„ the temperatures in the local blockage reached the sodium boiling point (I0.WC). At that moment the 
maximum linear pin power was 385 W/cm. Steady state boiling was observed for about 15 minutes. This period of stable 
boiling was followed by multiple pin failures as a consequence of dry-out and or fission gas blanketing. The melting point of 
stainless steel was exceeded. For a further period of approximately 6 minutes rapid temperature fluctuations were recorded. 
After the occurrence of pin failures the reactor was further operated at full power for four hours. In this period ro significant 
changes were recorded although locally temperatures as high as the sodium boiling point were measured. 
A first analysis showed that the failure mode is comparable with MOI. 7C/3. The wrapper tube around the bundle was not 
affected during this test. 
Loop dismantling is scheduled for the first half of 1985. Subsequently the non-destructive and destructive post test analysis 
will start. The analysis of the recorded data goes on simultaneously. 
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SODIUM FILLING STATION 

IN-PILE SECTION MOL7C/5 

WORK FLOOR 

BR2 STORAGE CANAL 

% . 2.5.1.2. Sodium filling. »f the MOL 7C 5 loop 

2.5.2. POST ACCIDENT HEAT REMOVAL (PAHR) EXPERIMENTS IN THE BR2 REAC TOR - TEST SECTIONS 
PIR AMID 1, 2 AND 3 
(B. Arien, R. Carchon. F. Casteels, J. Daniels, C. Decloedl, M. Decretnn, R. De Coninck, C. De Racdi, W. Detaternier, 
J. Dresselaers, L. Fouarge, .1.1,. Génicot, C. Jolv, .1. Parent, A. Siebertz, M. Soenen, W. Vandcrmeulen. A. Verwimp, V. Benocci*. 
J.M. Buchlin*) 

• von KARMAN Institute, Sint-Gcncsius-Rodc. Belgium 

During an accident scenario in an LMFBR. quenching of molten fuel in subcooled sodium may result in the formation of a 
particulate debris bed laying on horizontal or near horizontal surfaces in the reactor and heated by decay heat. An important 
safety issue is to assure the long term in-vesscl cooling of such a particulate debris bed. 

The programme launched by JRC-ISPRA links together reactor experiments in CF.A-GRENOBI.F. and CT.N SCK-MOI. with 
those realized in the SANDIA laboratories at AI.BUQUKRQUF. (USA). JRC-iSPRA itself is involved in the back-up 
programme including, e.g., the development of adequate crucibles to contain molten stainless steel 

Within the framework of the European pahr programme. SCK CF.N will conduct, in the BR2 reactor, three PAHR experiments. 
called PIRAMID 1, 2, 3. including steel and or UO, remelting. 

Due to the highly corrosive medium (presence of Na. steel and U02), to the high temperature level (up to .MOOT) and to 
the rapidity of some possible events (fraction of second), special attention must be given to the following topics : 
- compatibility of materials, mainly the choice of the crucible materials; 
- instrumentation to guarantee measurements with a high reliability even at high temperatures; 
- data acquisition system to allow recording of all data during all important phenomena. 
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Furthermore the collaboration wiht the von KARMAN Institute in the field of out-of-pile simulation was continued, allowing 
a better comprehension of the basic phenomena and the refinement of the TORWALL code used for prediction and 
interpretation of the experimental results. 

The work in 1984 was mainlv devoted to the preparation of the PIRAMID 1 experiment and to the design of the middle 
part of PARAMID 2 and 3. the preparation of the PIRAMID 1 experiment is in a rather advanced stage. Assembly of the 
lower Na cooling circuit is finished and components of the upper Na cooling circuit and middle part are being prepared as 
tar as further loop assembly allows. 

2.5.2.1. PIRAMID : P»hr IRradiation According to a Mol Integrated De»ice 

PIRAMID is essentially an integrated device, i.e. with all in-pile parts enclosed in the so-called safety tube. Fig. 2.5.2. La. 
shows the flow-sheet of PIRAMID 1. 

The natural UO, particulate bed - diameter 110 mm, height 150 mm - is contained in a crucible and initially saturated with 
liquid sodium. Independent control of the Na temperature above and below the bed - i.e. control of the axial heat exchange 
- is possible using a closed coil type heat exchanger in the upper Na pool and an open tulip type heat exchanger under the 
crucible. 

Fin. 2.5.2.1.(1. Schematic ft"» sheet - Piramid I limp 
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For the control of the radia! heat exchange with the outside reactor water, the secondary heat exchangers are equipped with 
:>n adjustable NaK film. Each secondary circuit is equipped with its own assembly of flow-meter and two pumps in series. 

The out-of-pile equipment allows : 
- to adjust - through the buffer and expansion tanks - the Ar cover gas pressure in the range 10s - 5x10* Pa; 
- to con'rol the pressure of the He gas between the safety containment tube and the pressure tube. 

As to the general assembly of the loop, the lower part is now finished (see Fig. 2.5.2.1.b.) and is waiting to receive the 
crucible with the radiation shield, the associated instrumentation and the I'O, particulate bed. All parts will then be mounted 
in vertical position up to the pressure tube closed by its upper flange. After filling the bed with Na. mounting will continue 
in horizontal position and will be followed by Na and NaK filling. After control tests of the circuits, the PIRAMID I loop 
will be closed by welding the last parts of the safety tube. The position of the bed and the inside thermal shield thermocouples 
is given on Fig. 2.5.2.I.e. 

Assembly of the upper part is now under way and will be continued as far as possible before introducing the crucible. 

For PIRAMID 2 and 3. the same design will be used for the upper and lower secondary cooling circuits, the middle part 
of the test section - i.e. mainly the crucible - being adapted to the experimental objectives. 

Fig. 2.5.2.l.d. shows the difference between the three crucibles. 
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Fig 2.5.2.1.h. Assemblai lower .milium cooling circuit 
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- For PIRAMID 1. a natural UO, debris will be heated -ip to 1400X; therefore a double wall crucible made of Nb 'Zr and 
with an intermediate thermal shield was chosen. Due to some difficulties encountered during the fabrication process, delivery 
of the crucible parts was delayed till the end of 1984. 
- For PIRAMID 2. the temperature may reach 18W°C - i.e. above the melting point of stainless steel and wii! contain a 
bed of natural UO, and SS particles; its crucible will ir.cl.idc (starting fiom the inner side) sintered ThO,. ThO, felt thermal 
insulation. MO, Ar, thermal shield, NblZr. 
- For PIRAMID 3. designed for melting of a VO, bed - i.e. up te temperatures of about 3000°C - the crucible will be the 
same as for PIRAMID 2 but with the inner sintered Th0 2 crucible replaced by a \V crucible prolongated above by a NblZr 
cylinder. 

For PIRAMID 2 and 3. due to the necessary supplementary barriers, the useful bed diameter will re approximatif i()0 mm. 
It has to be noted that tests are now under way at JRC-lspra to ..i'idat'* the choice of sintered ThO, as barrier against 
molten steel. 

During 1984. orientation tests at Mol were mainly oriented towards the following topics : the compatibility of NblZr with 
Na, the emissivity of the different materials used in the test section, the behaviour of thermocoax elements at high temperatures, 
brazing of Nb and of NblZr. 

Control panels for the heaters were delivered and the specifications of the out-of-pile control panels have been finalized. 

2.5.2.2. RAMSES : Real time Acquisition and Measurement System for Experiment Surveillance 

The implementation of the high speed data acquisition system was continued. This system allows continuous acquisition, 
processing and storage of data at a rate of 50.000 measurements per second. First tests of the new operating system RTF.-
A and system generation have given satisfactory results. 

Assembling the whole data acquisition system for the PAHR experiment (RAMSES) is presently in progress, with particular 
attention on achieving a high oegree of redundancy and maximum availability. 

2.5.2.3. NEPHERTARI : NF.utron and PHoton Reactions by TrAnsport calculations for BR2 Reactor Irradiation:» 

For the final design of PIRAMID I. 2D neutron and gamma calculations have been performed, in order to map the power 
deposition due both to fission and gamma ray absorption in all components of the test section between 900 mm above and 
below the reactor mid-plane as an over all check of the design of PIRAMID 1. Fig. 2.5.2.3. illustrates the 2D results for the 
debris bed volume. For nominal BR2 operation conditions - i.e. for a reactor power of 80 MW - the thermal balance indicates 
137 kW deposited in the UO, particulate bed - i.e. about 96.5 W' cm' bed - and 557 k\V dissipated in the structure components. 

NS «KMA firm Kfl IMMtt 4<C"l 

Fig. 2.5.2..1. lij - Mean fission power deposition : 71 W em' isolines of the relative power m = Jf^[„flinger1 
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2-21 

http://ir.cl.idc


For PIRAM1D 2 and 3, ID calculations indicate a power ratio, i.e. power deposition on axis/power deposition on border, 
higher than for PIRAMID 1 but a mean power level lower than for the first testsection. 

2.5.2.4. EGIPT : EnlarGed Identification of P.4HR phenomena and Theoretical developments 

In the framework of the collaboration with the von KARMAN Institute, the development of the TORWAl.I. code used for 
the computation of the temperature field in the particulate bed, the upper Na layer and in the structures was continued 

The following particular topics were examined in more detail : 
- the numerical methods used in the module TORPEDO, developed for the bed and the Na pool and the coupling with 
WALL used for the structure components, w;re analysed and optimized; 
- to decrease the CPU time, finite element methods were applied to natural convection problems leading to start PANDORE, 
a new version of the module TORPEDO; 
- the 2D modelling of boiling in the debris bed was detailed leading to vapour and liquid flux maps and to pressure and 
saturation maps which highlight the effect of boundary conditions, heat source distribution and capillarity; 
- the behaviour of the steel phase in the extended dry-out zone of a mixed particulate debris bed shows that the steel 
migration is confined to the layer where the temperature exceeds the melting conditions and emphasizes the influence of the 
variation of the SS-U02 contact angle with temperature. 

The temperature fields resulting from TORWALL were taken as data for the calculation of thermal stresses by means of the 
SAMCEF code. 

Typical results of temperature field and corresponding thermal stresses are given on Fig 2.5.2.4.a. 

To simulate (extended) dry-out situation and melting phase, a new test section OPERA 2 (Out-ol-Pile Experimental Research 
Action; - was built at the von KARMAN Institute. Fig. 2.5.2.4.b. shows the new test section; Fig. 2.5.2.4c. and d. illusttate 
two interesting results : 
- first, a channeling situation 
- secondly, the separation of the bed in two parts with between them a vapour zone without any particle. This particular 
configuration, which can be repeated, occurred when stopping the healing during a dry-out situation and healing up again 
before full rewetting of the bed was reached. 

Finally, it must be said that th.- lower tulip heat exchanger of PIR '.MID was c/ptimized by nvans of an out-of-pile test 
section built at the von KARMAN Institute. 

2.5.2.5. External relations 

During 1984, 'he work at Mol was presented to and discussed with the members of the European ad hoc Expert Working 
Group PAHR i-CI during the meetings held in February, July and December. 

A number of papers dealing with the Mol-PAHR programme were also published or presented at meetings. 

Fig. 2.5.2.4.p. (i) Temperature field in the bed crucible and in the shield (step W ' O 
(il) Detail of thermal stresses (isobars) in lower junction of the bed crucible and the shield istep 10 MPa, 
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Fig. 2.\2.4.b. 
OPERA 2 General view 

Fix. :.ï.2.4.c. 
OPERA 2 : C hanneling situation OPERA 

Fig. 2.5.2.4.d. 
Separation of the heil after extended dry-out 



2.6. SODIUIV» COOLANT STUDIES 

2.6.1. OPERATION OF IN-PILE SODIUM LOOPS 
(.\1. Soenen) 

In-pile sodium loon work remained focussed on design and operation of sodium loops in the framework of safety assesments 
for liquid metal fast breeder reactors (LMFBR) dealing with the following main topics : 

- operational transients of fuel pins (power ranges and temperature) : 
MOL I8-B3 test with a fresh fuel rod; 
MOL 18-A2 test with a pre-irradiated fuel rod; 
- local faults in a subassembly : MOL 7C/5 test with fuel rods pre-irradiated in KNK II; 
- Post Accident Heat Removal (PAHR) loops : 
PIRAMID 1 : detailled design and partial assembly of the first r>g to study partial or extended Na dry out up to temperatures 
of about 1400°C in a debris bed of natural UO, particles; 
PIRAMID 2 and 3 : preliminary design of second experiment to study overheating up to 1800°C with melting of stainless 
steel and of third experiment to study overheating up to 2900°C with melting of UO,. 

The work is reported in detail in other chapters (2.5. and 7.1). 

2.6.2. OPERATION OF OUT-OF-PILE SODIUM LOOPS 
iM. Soenen, Ja. Dekeyser) 

Sodium out-of-pile loop work mainly concerned the operation of the Analytical Sodium Loop (ASL) to test on-line impurity 
monitors. Local corrosion phenomena, mass and interstitial element transfer rates depend on the difference of chemical 
activity of the elements in sodium and in the structural materials of a reactor circuit. Particularly oxygen, hydrogen and 
carbon activities in sodium need to be kept below critical levels for satisfactory operation of fast breeder reactors. The 
hydrogen and carbon content in liquid sodium has been determined by measuring the diffusion of hyd.ogen and carbon 
through an alpha-iron membrane. Hydrogen partial pressure in sodium has been measured using two different modes : the 
dynamic and the equilibrium mode. In Fig. 2.6.2.a a schematic view is given of the on-line monitor using the dynamic (valve 
open) or the equilibrium mode (valve closed). Carbon on-line measurements has been done by the hydrogen free carbon 
meter or by an electrochemical type carbon meter. 

A flow diagram of the hydrogen free carbon meter is given in Fig. 2 6.2.b. The meter consists of a cylindrical alpha-iron 
membrane in contact on the outer side with flowing sodium. The inner side of the membrane has been previously oxydized 
and is flushed with hydrogen free argon. The carbon present in the sodium diffuses through the iron membrane and reacts 
with the iron oxide layer to form carbon monoxide. Adding argon with 5 °„ hydrogen, the flushed carbon monoxide is 
transformed over a ruthenium catalist to methane and the methane content detected with a flame ionisation detector. 

The electrochemical type carbonmeter uses pure Armco iron as working electrode, a cutectic mixture of Na2CO,-LijCO, as 
electrolyte and a carhurized Armco iron as reference electrode as shown on Fig. 2.6.2.C. The oxygen content has been 
measured with an electrochemical sensor, with Th02-7.5 wt Y20, solid electrolyte and Pt-air as reference electrode. The 
oxygen content has been measured as a function of cold trap-temperature. 

From tests with these monitors, following conclusions oan be drawn : 

- The use of a hydrogen probe based on the measurements of the partial pressures of hydrogen gives a good relationship 
between the measured partial pressure and the calculated hydrogen content of sodium from saturation solubility data. 
- The carbon activity of the sodium can be measured either by the hydrogen free or by the electrochemical carbonmeter if 
membrane temperatures are above 960 K. Due to electric short circuiting problems, the electrochemical meter can be better 
used intermittently as discontinuous monitoring device. 
- The oxygen monitor with yttria doped thoria (YDT) solid electrolyte and Pt-air as reference has worked during 14272 h 
in dynamic sodium, The drift observed of the F.MF output is due to the oxidation of the Pt-air reference electrode, A better 
solution may be tha use of a metal-metaloxide as reference instead of Pt-air. 

Five oxygen monitors, as installed on the ASL loop, arc mounted on a gamma irradiation rig. Since March 1984 the rig is 
loaded in the BR2 gamma irradiation rack with the aim that three of these monitors receive a specified gamma dose of 4 x 
10" Gray while the other two are operated under the same conditions except of the gamma dose. The rig is working satisfactory 
and the irradiation is scheduled to continue untill the target dose on the monitors is reached. 
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Fig. 2.6.2.C. Prototype electrochemical carbon meter : detail of probe assembly 

2.7. MECHANICAL TESTS 
(J. Parent) 

The safety of the nuclear reactor remains an important objective even when abnormal working conditions arise. The programme 
relates to the vibratory behaviour of a sodium cooled reactor core in order to evaluate some main parameters, in case of a 
hypophecicel. 

In 1984, further tests were performed to continue and to end the campaign previously started. The SNR 300 seismic model 
consists of nineteen hexagons arranged in a vessel filled with water. Each hexagon represents a subassembly of the reactor 
core, while water, used as a simulant of sodium, provides the hydraulic coupling conditions between the hexagons. Some of 
them, mounted on springs, are movahle and their motion is analysed with the aid of a fast Fourier system. Experimental 
results are obtained according to some theoretical developments; finally numerical values of the basic parameters like fluid 
coupling and damping coefficients can be found for each typical case. 

A paper on this experimental appwach explains the basis of the process and summarizes the results obtained during the first 
part of this research. For the next part, the seismic model will be modified to decrease the gap-displacement ratio and to 
the study the phenomena associated with a shock between two neighbouring fuel elements. 
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For the fabrication of fast reactor canning materials, consisting of dispersion-strengthened formic steels, SCK/CEN fias developed 
an adapted powder metallurgy technique, comprising a.o following stages 
- powder preparation in a ball mill (mechanical alloy:ng)|F.j 1), 
- cold and hot compaction of the powders to a billet, 
- extrusion of a billet to a tube of approximately 20/1 7 mm (Fig 2), 
- cold drawing of the tube to a thin-walled tube of 6/5 24 mm (Fig 3), 
- intermediate thermal treatments (Fig 4); 
- non-destructive dimensional and defect controls by means of eddy currents (Fig 5) and ultra-sound (Fit) 6) 



Chapter 3 

FUEL CYCLE 

INTRODUCTION 
IL. Baetslé) 

Research on the nuclear fuel cycle has been focused, as in previous years, on reprocessing, waste treatment and geologic disposal 
of radioactive waste. 

The discussion about the reopening of the EIROCHEMIC plant hampered the research activities to follow their due course 
and in some cases attention was directed to new subjects. 

Thougi. BEIGOPROCESS has formally been founded to take over the El ROCHF.MIC plant, it is not at all sure whether 
a resumption of reprocessing activities is to be expected in the near future. The strategy which SC'K/C'EN adopts in such 
circumstances, consists of safeguarding the reprocessing know-how in Belgium by pursueing experimental work on radioactite 
scale in laboratories and pilot installations. During the past year, attention has been given to the technical development of 
processes and construction of rigs. Work has been continued on solubility of I OrPu(). fuel, on extraction of irradiated highly 
enriched uranium, on hulls conditioning, on liquid effluent detritiation and on krypton removal from off-gas by cryogenic 
distillation. Recently Am/ Pu separation was added as a new research subject in view of the recovery of nid Pu stocks which 
might become economically very important. 

In the field of radioactive waste, attention was focused on high-temperature incineration, the characterization of conditioned 
waste forms and the geological disposal of radioactive waste. These projects were continued with support from the Commission 
of the European Communities and NIRAS/ONDRAF. In addition, collaboration has been achieved with Japan Gasoline Company 
for the transfer of know-how on incineration and with AN DR A (France) which showed interest in joint geotechnical experiments 
in deep clay layers. 

3.1. REPROCESSING 
( L. Baetslé. G. C ollard) 

A few kilograms of highly enriched uranium used by IRE for the production of Xe and Mo are being reprocessed. The 
operation consisted of dissolution of the targets, uranium extraction and transformation into U,0, . During the past year 
I kg material has already been recovered and returned to the client. 

The construction of the HERMES facility was continued at lower priority because of the delay in the final decision on future 
reopening of the EUROCHEMK' plant. The double pin chopper has been adapted to work in hot-cell and is fitted out with 
a double hydraulic circuit (oil outside, water inside the shielding). The centrifugal clarification of dissolved fuel suspensions 
has been tested in hot-cell and was demonstrated to work perfectly, so that this technique can be incorporated into the 
HERMES facility. 

The fabrication of the dissolvcr by casting encountered serious difficulties because the specifications imposed on the homogeneity 
of the metal could not be achieved. 

Studies in the field of gas purification were pursued in the framework of the C'EC programme on radioactive waste management 
The last phase in the development of the krypton removal process is its demonstration in the presence of oxygen or air on 
active scale. Therefore the existing pilot rig was refurbished and adapted to work with gaseous radioactive species In co
operation with KUI., a solution has been worked out to exclude any explosion danger which might occur when (), is formed 
by p-irradiation of oxygen. 

The programme on detritiation of reprocessing effluents has been continued with special emphasis on the construction and 
commissioning of the pilot facility. 

In co-operation with Belgonuclcaire, a study has been undertaken on the Am Pu separation which is a vital step in the 
treatment of old plutonium stocks. 
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3.1.1. HEAD-END STUDIES 
(G. Coilard) 

3.1.1.1. Dissolution of I O-PuO. fuel and clarification of solutions 
(R. Boden. A. Daniels. D. Huys, P. De Regge) 

The solutions resulting from the second dissolution experiment on LWR plutonium recycling fuel, carried out in 1983. have 
been analysed. The experiment was mainly carried out to confirm the hypotheses on the dissolution behaviour as a function 
of burn-up and involved 622 g of mixed oxide fuel from the G55 fuel pins irradiated in BR3. The initial plutonium content 
varied from 4.5 °„ to 8 "„. The peak burn-up was 5.3 at.",,, but the mean burn-up in the batch was 4.13 at.",,. The results 
are to be compared with the data obtained for the ZOB 100 batch, reported in 1983. with an initial plutonium content of 
3.7 "„ and a burn-up of 3.52 at.",,. After conventional treatment with nitric acid, the residue amounted to 0.68 "„ of the total 
fuel weight. Samples taken at different time intervals indicated that after 4 h the d^solution rate was negligible. Analysis of 
the residue showed that about 50 "„ were soluble in a nitric hydrofluoric acid mixture. The plutonium in the residue amounted 
to 3.44 "„ of the total Pu quantity in the fuel and 17.2 "„ of the residue weight. The residue al .o contained 0.075 ™„ of the 
total uranium quantity, which amounts to 8.54 "„ of the residue weight. Analysis of the Zircaloy hulls showed uranium and 
plutonium quantities of 0.024 "„ and 1.12 "„. respectively, with respect to the total in the fuel. Although the amount of residue 
and its plutonium content are small, the relative enrichment of plutonium in the residue is comparable to those effects 
observed for the SENA fuel and supports the following interpretation. Plutonium produced during irradiation forms a solid 
solution with uranium in the oxide crystal lattice and dissolves quantitatively in nitric acid. The kinetics of the solution, 
however, are influenced by the plutonium content and become extremely sic v at plutonium fractions exceeding 30 percent. 
Pure PuO; as it may be present in mechanically mixed oxide fuel with coarst particle sizes (- 100 u,m or more) is insoluble 
in nitric acid neither before nor after irradiation. 

The solutions resulting from the dissolution studies on FBR fuel and LWR Pu-recycling fuel have been clarified by 
ultracentrifugation in 1983. Further analysis of the samples yielded the following results. About 50 "„ of the residue recovered 
from the centrifuge bowl is soluble in a nitric hydrofluoric acid mixture and only contains 2.9 °„ of Pu. which is much lower 
than the corresponding residues from the dissolution tests ranging from 3.9 to 39 "„. The particles smaller than 3 um, which 
was the filter size used in the tests, are thus depleted with respect to Pu and contain more fission product insolubles. The 
specific activity of "*Ru in this fraction exceeds that of any of those residues. The clarified solutions have been filtered by a 
pair of stacked 0.4 um filters in order to assess the efficiency of the centrifugation. The difference in activity between the 
lower and the upper filter was taken as a measure for the presence of particles exceeding 0.4 um. In the solution resulting 
from the Pu-recycling fuel, the concentration of particles exceeding 0.4 um amounts to 1.5 mg/1. The solution resulting from 
FBR fuel contained, after centrifugation, only 0.5 mg 1 particles exceeding 0.4 um. The residue has not been recovered 
quantitatively from t.'ie centrifuge bowl, but assuming the minimal value for the total voiumc of solution, the initial concentration 
was at least 106 mg 1. The ultracentrifuge thus removes at least 99 "„ of the undissolved particles between 0.4 and 3 um. 

3.1.1.2. Ktmoval of fluorides from superdissolvcr solutions 
(M. Klein) 

It had been shown earlier that actinides are adsorbed on silicagel when this fluorine adsorbing material is put in direct 
contact with a superdissolver solution. In order to avoid this loss, it has been proposed to remove the fluoride ions from the 
HNO,-HF solution of actinides by contacting the reflux of a batch distillation with the fluorine adsorbent. 

This indirect defluorination of a superd'ssolver solution is being developed in the laboratory under non-radioactive conditions. 
Firstly, the adsorption properties of silicagel have been investigated. Silicagel appears to adsorb reversibly the fluor ions from 
the liquid phase according to a Langmuir type isotherm. A maximum adsorption capacity of 23 mg F g silicagel is obtained 
when the fluorine concentration of the solution is higher than 190 mg F /I (10 2 M). At lower concentrations, the adsorption 
capacity is directly proportional to the concentration in the solution according to the equation Q4d, (mg/g) = 0.105 C 
(mg F I). This means that for the required final concentration of 19 mg F/l (10 ' M), the adsorption capacity of silicagel 
drops to 2 mg F g, a far too low value. 

As an alternative material, alumina has been tested in a temperature range of 130-I50X The experimental data indicate the 
necessity of a specific surface alue of about 5 mr'g for the alumina in order to have a sufficient mechanical strength of the 
adsorbing pellets. The adsorption capacity of this alumina is 30 mg F/g as measured in the absence of a final breakthrough 
at a corresponding fluorine decontamination factor of 10 to 25. 

The kinetics of the process are still low since 72 hours of operation are needed to lower the fluorine concentration in the 
solution down to 10 ! or 5 x 10 ' M. The experiments have indicated that the limiting step is the release rate of fluorine 
from the batch distiller. Indeed, in the gaseous phase the fluorine concentration is lower than in the liquid solution of the 
boiler, probably due to the interaction of corrosion products coming from the stainless steel (AISI 3041.) construction material. 
Therefore, an experimental set-up made from Inconel 690 (Ni 60 "„. Cr 30 "„. Fe 9.5 °„). having a better corrosion resistance 
than the stainless steel, will be constructed. 
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3.1.1.3. Reprocessing of enriched uranium 
(R. Boden. G. CoJIard, A. Daniels, P. De Regge. D. Huys. L. Sannen) 

In order to recover enriched uranium used by IRE for the production of molybdenum and krypton, the equipment of the 
SPC cell has been modified to incorporate 3 batteries of mixer settlers and their peripheral equipment mainly consisting of 
feed tanks, distillation equipment and pumps. Cold testing with uranium has been carried out during the first quarter of 1984. 
After installation in the SPC cell, a first batch of 400 g has been recovered in July and a second batch of 620 g has been 
treated in November. Considerable differences have been observed between declared uranium content and actual content of 
the residues delivered by IRE. The leaching of uranium from the precipitates and paper cloths and particularly the filtration 
and final adjustment of the solution before extraction has been redesigned after the experience with the first batch. Losses 
due to incomplete leaching are below 2 "„. The chemical purification consists of three ihases : the tributyl phosphate extraction 
cycle with a scrubbing section ror the removal of ruthenium, a thenoyltrifluoro-aceton batch extraction step for selective 
removal of plutonium and zirconium and a ur;nium peroxide precipitation at low pH. Complete analytical results are available 
for the first batch. The chemical uranium yield in the separation procedure is 94 "„. Most of the losses which are recoverable 
occur at the peroxide filtrat on and mechanical transfer steps. About 2 °„ are used for analysis and product characterization. 
The stoichiometry of the resulting U ,0 , is withi I 0.33 "„ of the theoretical value. The chemical purity with a total impurity 
content of ( 500 ppm, is considerably better than ihe specifications for the product, but the radiochemical purity exceeds the 
requirements of 70 nano Ci/g by a factor of 2 to 3. The decontamination factors for the different isotopes are shown in Tabic 
3.1.1.3. Adjustments of the procedure are being investigated to increase the decontamination factors, particularly for ' "Sb 
and "Zr. The chemical uranium yield for the second batch is 94.3 "„. 

Table 3.1.13. 
Deconlaminatkm factors achieved in the process steps 

OPERATION Pu 2"Am '«Ce ,,7Cs "»Ru , : ,Sb 

TBP extraction cycle 3.4 
TTA extraction 4.5 
Peroxide precipitation 1 
Total (measured) 11 

90 
1.1 
7 

.80 

1.19 10* 
1 
1.9 
2.30 10* 

1037 

1.15 
52 

62600 

18590 
1.47 
30 

7.3 Iff 

417(1 
1.33 
1 

5790 

6.1 
41.4 
1 

179 

3.1.2. PURIFICATION OF REPROCESSING OFF-GASES 
(L. Geens, W. Goossens, J. Marien) 

The purification of gaseous effluents from a reprocessing plant was further developed under non-irradiation conditions. The 
main effort was focused on the study of krypton retention by cryogenic distillation in the presence of oxygen. This implies 
the development of the necessary preconditioning steps : the selective catalytical reduction of NO,and a zeolite adsorption 
drying. Additionally, a conditioning process for a saturated Mercurex solution saturated with iodine was studied. 

The previously developed Mercurex consists of an absorption step of iodine in a HNO,-Hg(NO,)j scrub solution. To finalize 
the development of this process, some experiments were carried out in a bench scale test rig aiming at the conditioning of 
a saturated Mercurex solution. The purpose of the conditioning process is to remove the mercury from the scrubbing liquor 
saturated with iodine, and to recycle it. Simultaneously, the iodine trapped is transformed into the disposable cuprous iodide. 
Due to a priority shift, the experiments had to be stopped. 

In the field of cryogenic krypton removal, the new operation mode in the presence of oxygen has been chosen for further 
development. These investigations were supported by the CEC in the framework of its indirect action research programme 
on gaseous radioactive waste. In the former operation modes, the use of large amounts of hydrogen for the removal of the 
oxygen had a major disadvantage of being very risky and extremely expensive. These drawbacks don't apply to the alternative 
pretreatment mode chosen for further work and consisting of selective catalytical reduction of NO.with ammonia. A subsequent 
adsorption drying remains necessary with this process. 

For the study of the NO.reduction, a complete check-up of the mechanical and electrical parts of the Denitro unit was 
performed. Since the chemilumi lescence NO.analyser required too much maintenance and repair : more reliable analytical 
instruments have been purchased. Inlet NO, concentrations are now measured with I.R. spectrophotometry; outlet concentrations 
are determined with electrochemical voltametric cells. Operation problems caused by the condensation of ammonia in its 
feed lines were solved by a better control of the heating of these lines. The concept of mixing the feed gas with the ammonia 
before entering the catalytical reactor was abandoned due to crystallization of ammonium nitrate in the mixing vessel. The 
ammonia reagent is now introduced at the top of the reactor, just above the catalyst bed. After the reception runs, a 
parametric study of the NO.reduction was carried out in this unit. This revealed that the NO, outlet concentrations can 
easily be reduced below the required level of 1 ppm volume, under all circumstances. The NO outlet concentration, however, 
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varied in function of operating parameters such as reactor temp .-rature and ammonia excess. With a stoichiometric ammonia 
excess of 20 "„ and a reactor temperature of 4(Ml C. the 1 ppm level was also reached Higher ammonia excesses result in 
higher temperatures which in turn tavour NO formation instead of nitrogen. 

The drying unit has been fully refurbished. The temperature and pressure swing operation mode caused severe problems of 
leak tightness, which had to he improved. Interna! leaks have been minimized by applying welding connections whenever 
possible. The internal leak tightness was greatly improved by replacing the pneumatic valve system by new high duty valves. 
During the commissioning tests, the optimal cycling times of adsorption and regeneration steps have been determined The 
outlet gases have now dew points between -65 and -7l)°C. 

However, for the future the use of a single precleaning step, consisting of simultaneous adsorption of NO, water vapour and 
carbon dioxide on molecular sieves, is being envisaged. 

in the cryogenic distillation unit itself, preparations were made for the experiments with radioactive krypton-85 and an 
additional radiation source in the bottom of the first column. The column part of the unit had to be dismantled for the 
mounting of a lead shielding. After reassembling, the instrumentation was renewed. During the subsequent commissioning 
tests, the new thermal equilibria and temperature profiles in both columns have been determined with nitrogen and air as 
carrier gas. In view of the experiments with krypton-X5. the behaviour of ozone in the cryodistillation unit was studied. Ozone 
was fed in concentrations of 50 to KM) ppm volume. No ozone was detected in the upper part of the column and all ozone 
was accumulated in the bottom of the first column and reached concentrations up to several tenths of a percent 

3.1.3. HERMES PROJECT iSl PERDISSOI.l TlONl 
(<>. ( ollard) 

Because of the terms of the CT.C contract in the field of conditioning of hulls, priority has been given to the construction of 
the mechanical cell CI. 

Technical difficulties related to the equipment have delayed the construction of the revised chopper and little progress has 
been made in the casting of the dissolver vessel. 

3.1.3.1. Development of equipment 
(R. Harnie, J. Vaesen, F. Ven, J . Marien) 

The modified chopper has been delivered and has been adapted to the working conditions of hot-cells a* mentioned in the 
previous annual report. Functional tests are planned to be carried out early in l')85. 
Cold tests on the decontamination of leached hulls by ultrasonic cleaning showed a non-negligible abrasion of the hulls during 
the first minutes of the operation Nevertheless this abrasion was limited to the external surface of the cladding material so 
that further treatment had only a slight influence on the amount of cladding material found in the liquid bath. From the tests 
it could be concluded that this technique can be applied to the basket as planned for the HERMFiS utilities (diameter 9 cm). 
Its application to baskets with larger diameters could be studied, if requested. 

The acoustic liquid level measuring device has been successfully tested during an international exercise (RITCFX) in 
EUROCHEMIC. The prototype has been recently equipped with a computer which allows continuous measurement and 
simultaneous elimination of false signals such as external noise which sometimes perturbed the measurements. The possibility 
of patenting the system is being examined. 

The casting of the dissolver vessel in Incoloy X25 has been ordered. The delivery of this major piece of equipment of the 
dissolution cell C2 is delayed owing to technical difficulties met by the firm in charge of this operation. 

3.1.3.2. Design and construction of the hot-cell facility 
(R. Harnie, J. Vaesen. A. Daniels. E. Collignon, P. De Meyer) 

Priority has been given to the construction of the mechanical cell CI . The bottom of this cell is being constructed. The lead 
door to be placed between cells CI and C2 has been constructed as well as the connection between the cell and the 200 I 
drum. 

The so-called jib-arm which will replace the crane in cells CI and C2 has been further studied. Design and construction 
drawings arc finished and most of its components have been ordered. A reduced scale model of this device has been 
constructed in order to facilitate the choice of its control systems. 
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3.1.4. ACTIVITIES RELATED TO REPROCESSING 
{P. De Regge, G. Collardl 

3.1.4.1. Decontamination of aged plutonium oxide 
IR. Boden, G. Collant, D. Huys, S. Nemoto», L. Baetsléi 

• PNC research fellow 

A simplified dissolution extraction precipitation process has been tested for batches up to 15 g of plutonium containing more 
than 3 °„ of :"Am, The results obtained show the feasibility of the principle and the conditions to achieve a sufficient recovery 
of plutonium and a high decontamination factor for '"Am have been optimized. On this basis a detailed flowsheet has been 
designed which minimizes the generation of secondary waste. The dissolution procedure of the plutonium dioxide remains to 
be improved. 

3.1.4.2. Treatment and conditioning of cladding waste 
(L. Beullens, A. Daniels, S. de Burbure. P. De Regge. J. Yaesen. P. De Meyer) 

The project investigated the possibility of conditioning high-active and alpha-contaminated cladding waste of nuclear fuels 
by compaction and subsequent embedding in low melting alloys. The previous tests have shown that the rôle of an embedment 
matrix for the retention of alpha-emitting nuclides is not obvious, whereas the refractory zirconium oxide surface layers 
retaining the fission products are destroyed by the low melting alloys, resulting in a higher leaching rate than untreated hulls. 
The absence of wetting together with shrinking of the alloy during solidification moreover creates a network of tiny channels 
throughout the Zircaloy compacts, thus compromising the iriegrity of the matrix when the lead cover at the surface ha» 
failed. Therefore this conditioning form is inferior to a lead casing, surrounding the waste and presenting excellent corrosion 
resistance in the argillaceous formations. Under contract with the CKC. the concept of a container using this principle is 
being demonstrated. The pilot installation uses cladding hulls compacted at 105 mm diameter accomodated m batches of 
about 40 kg. An anti-corrosion barrier of nominal 10 mm thickness results in a waste lead weight ratio of about 2. In co
operation with MHO (Metallurgy Hoboken Overpelt), preliminary tests on the TIG welding of the lead casing with 10 mm 
thickness have been carried out. A search was made to find practical methods of semi-automatic welding thick lead containers. 
Generally lead is still welded with a reducing flame, and would have to be cooled on the outside to prevent collapsing, il is 
also known that lead can be welded with some difficulty by TIG. and quite successfully by laser. The co * of laser welding 
equipment is prohibitive for this kind of application, so that trials were started on TIG welding. lig. .VI 4.2.a shows a 
microsection of a full size closure weld. Complete penetration has been achieved The weld was made in 3 passes with the 
filter material added in the form of rings, so as to simulate as closely as possible an automated «eld Further development 
work will be continued in co-operation with MHO. 

Fig. 3.1.4.2M. Mkrosection of a TIG-weld ti passesi of a If) mm thick lead container and a coyer plate. 
machined from a III mm thick plate. 
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A demonstration unit has been built at I IIMA. Ihe 3l)l) ton press, lead glass miliums and manipulators have been installed 
as shown in rig. -V 1.4.2.b. Ihe control unit ol' the press has been equipped with a synoptic operation panel to show satety 
features and possible malfunctions to the operator Remote maintenance o! the compaction press and replacement ol parts 
subject to wear have been demonstrated. 

Fix. ll.-i.2b. (ifiwrul r/'eii' nf ihe mock-up shielded cell uml the Mm lull press. 

3.1.5. TREATMENT OF EFFEl F.NTS AM) WASTES ASSOCIATED WITH REPROCESSING 

3.1.5.1. Separation of tritium from aqueous effluents 
I A. Bruggeman. I . Meynendonckx. C'. Parrmntier. .1. Vaesem 

The aim of this research is to further develop and to demonstrate the EI.HX process ( El.cctrolysis and isotopic HXchange). 
It has been proposed earlier to apply this process, which is based on the use of a proprietary hydrophobic catalyst, to the 
separation of tritium from aqueous reprocessing effluents. In addition, the process is very suitabr fcr the detritialion of 
cooling water or waste water from future fusion reactors, or for the reduction of the tritiiuii discliargcs of present fission 
reactors with stainless steel cladded fuel. 
In the fYamew.,.'k of a C'EC' contract, a pilot scale demonstration installation with a throughput of 5 I b is being built. The 
main components of this EI.EX installation are an eleetrolyser with a hydrogen production capacity of maximum 12 m' h 
(2()'C". 10' Pa) and a countercurrent packed-bed reactor that contains the hydrophobic catalyst. The construction material is 
mainly stainless steel. 

The XI) kW el' ctrolyser has been provided with a water recovery system that collects all the water from the elcctrolytically 
produced ox; gen that is vented, and most of (he water from the hydrogen that is sent to the column. In order to obtain and 
afterwards to maintain a sutTiciently high tritium concentration factor, and thus also a sufficiently high volume reduction 
factor, part of' this small water stream is recycled into the eleetrolyser. The rest of the tritium enriched water can be stored. 
In this pilot in'..allation. the tritium enriched water can also be reused for the preparation of the tritiateil feed natcr. 
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The thermostatically controlled exchange column has an internal diameter of 10 cm and a total height of S m. It h:is been 
provided with a saturator-evaporator at the bottom and a cooler-condensor at the top. The water to be detritiated is added 
between the upper part or stripping section and the iower part or enrichment :>eition of the column, while tritium free water 
is added at the top. The decontaminated hydrogen at the top of the column is sent to the 60 m high stack of the BRI 
reactor. 

Other main parts of the ELEX pilot are the feed water system, the gas and liquid sampling system, the liquid waste system, 
the ventilation system and the circuits of cooling water and inert gas. Control instrumentation and health and safety equipment 
have been amply provided. 

In 1984. the mai.i activities comprised commissioning of utilities and of components, complete assembling of the exchange 
section and pieoperational testing including repairs and modifications, construction and mounting of the water recovery 
section, adaptation of the electrolyser and drafting of the safety report. Batches of the hydrophobic Pt-C-PTFE catalyst and 
of the etched water wettable packing material that fill the exchange column, showed very good performance in a laboratory 
trickle-bed reactor. Pt on extruded silicalite was investigated as an alternative but showed 50 times lower tritium exchange 
rates. 

To eliminate all substances that would be detrimental to the ELEX process by accumulation in the electrolyser .nd or 
adsorption in the exchange column, the aqueous reprocessing effluents that have to be detritiated are submitted to a 
preconditioning treatment. The adsorption of organics on activated carbon was studied with HNO, solutions that had been 
equilibrated previously with a solution of tributylphosphate in kerosene. To increase the total organic carbon (TOC) content 
of these solutions, 1-butanol had been added. Dynamic tests with a number of columns in series allowed the optimal working 
conditions for the adsorption step and the corresponding carbon usage rates to be determined. Equilibrium capacities were 
derived from static experiments. Laboratory experiments were further carried out to check the operating capacity and the 
regeneration characteristics of the anion exchange material that will be used to remove nitric acid. 

The previous results on the removal of organic impurities and H N 0 3 led to the design of the activated carbon adsorption 
beds and the anion exchange column of a pretreatment unit for a typical E L E A installation at a reprocessing plant. The rate 
at which the carbon and the resin will have to be replaced or regenerated, can be deduced from the TOC and HNO, content 
of the aqueous effluents; in some cases the carbon usage might depend on the Ru-content. It is planned to supplement the 
ELEX pilot installation with a mock-up pretreatment unit, the major components of which have already been ordered. 

As part of the laboratory outfit, vacuum, high pressure and analytical equipment for the preparation and ca'ibration of tritium 
containing gas mixtures was assembled and tested. A liquid scintillation counting apparatus for the determination of tritium 
in liquid samples was ordered. 

3.1.5.2. Off-gas cleaning for the PAMELA waste vitrifier 
(M. Klein, C. Weyers, W. Goossens) 

In support to the PAMELA programme on high-level waste vitrification, final runs were performed last year in the RUFLS 
unit to study, under simulated conditions, the capture of semi-volatile compounds of ruthenium and cesium. Simulated LEWC 
(Low Enriched Waste Concentration) at a throughput of 1 I h ' was fed to the glass melter with a content of 50 kg molten 
glass at about I050°C. The data handling and over-all interpretation of the various runs were carried out this year. It appears 
that release of semi-volatile compounds from the melter to the off-gas depends on three different melter situations, namely 
the period of LEWC feed when the glass surface is partially covered with a boiling liquid, the calcinate digestion period when 
the boiling liquid has disappeared by vaporization while the remaining calcinate layer is progressively decomposed into oxides. 
and the idling period with a free molten glass surface at 1050°C. The ruthenium and cesium losses to the off-gas depend on 
the mean temperature of the calcinate layer floating on the glass melt during the LEWC feed period. In addition, the cesium 
volatility is influenced by the total cesium inventory of the melter. During the calcinate layer digestion, the ruthenium and 
cesium release levels off as the digestion proceeds. During the idling period, the sparging air takes away about 3 x 10 ' "„ 
per hour of the Ru inventory in the molten glass and about 0.33 °„ per hour of its cesium content. 

These different release rates of the melter have also their effects on the performance of the various gas cleaning units. T'he 
over-all results are summarized in Table 3.1.5.2. with a distinction between the LEWC feed period and the total operation 
time of the vitrifier. 

It appears from this table that the weak points in the gas purification system are the dust scrubber and the condensor. 
Hence, a better design of these units has been proposed. 

Although the venturi type scrubber performs well according to the PAMELA criteria, its performance could he boosted on 
the basis that the trapping of submicronic particles can be improved by enhancing the contact between the carrier gas and 
the liquid spray in the throat of the venturi. This idea has b. en further developed for the abatement of air pollution in 
industrial otf-gas systems. 
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Table 1.1.5.2. 
Mean DF values of the metier and gas cleaning units at a technical scale 

Ru Cs 

Melter 
Dust scrubber 
Condensor 
Venturi 
NO, scrubber 

during 
LEWC 
period 

12.7 
8.8 
2 

95 
1.9 

total 

6.1 
6.5 
2 

78 
1.8 

during 
LEWC 
period 

6 
2.4 
1.5 

52 
2.1 

total 

3.9 
2.5 
1.5 

52 
1.6 

3.2. WASTE TREATMENT AND DISPOSAL 

3.2.1. INCINERATION 
(N. Van de Voorde, A. Taeymans, R. Vanhrabant, D. Hennart. G. Geenen, J . Gijbels, K. Kugai*. M. Shibuya*, A. De Coninck**, 
M. Poskin**) 

* Japanese Gasoline Corporation. Ltd.. Japan 

** Belgonucleaire - Brussels 

The incineration campaign of a-contaminated wastes was followed by an experimental exploitation programme sponsored by 
Japan Gasoline Company (JGC) M'hich comprised the decontamination, inspection and restart of the Fl.K 60 facility. A joint, 
effort by SCK/CEN and Belgonucleaire led to the design of a 120 kg/h FLK unit requested by JGC. During the second half 
of 1984. the FLK 60 facility incinerated on routine basis waste materials from the Doel nuclear reactors and from the FBFC 
fuel fabrication plant. It may be stated that the FLK 60 incinerator project reached the goals set some years ago, though 
further optimization is to be carried out, e.g. on the treatment and conditioning of secundary waste streams, especially of 
cesium and semi-volatiles condense in the off-gas purification system and flock together in the b3g filters. 

3.2.1.1. Objective and scope 

The aim of this research is to develop further the FLK-60 high-temperature slagging incineration (HTSI) installation, to run 
it on a test base and to make the HTSI process available on the radwaste engineering market for promotion by our commercial 
partner Belgonui-leairc. The programme is carried out in the framework of a CEC contract; this year a substantial part of 
the works was completed on behalf of JGC. 

Treatment of simulated ?WR waste during 3 weeks and subsequent dismantling and inspection of the furnace in the spring 
convinced the Japanese pariner of the outstanding technical and radiological performance of the HTSI process and of the 
soundness of the approach followed for classical and radiological safety. 

Heat, mass and radioactivity balances were computed for the plutonium test carried out in the fall of 1983 and for the BWR 
waste test. The preliminary results pointed out severe standardization problems in the radiologic.il measurements, indicating 
the need to repeat to sampling and analysis works. 

In the fall of this year, some preshredded waste from the Doel power station was incinerated. Due to the physico-chemical 
peculiarities of that material, some problems had to be solved during that campaign. As in the past, the auxiliary burner was 
used to burn waste oil and flammable solvents. This appears to be one of the most rewarding possibilities of the installation. 

3.2.1.2. Technical works 

The most importan' modification carried out this year is the installation of a new off-gas exhaust fan driven by a 92 kVV 
direct-current motor. The old AC-dri\en unit is used as back-up. 
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Due to its higher power and faster response to speed modification requests from the post-combustion chamber pressure 
regulation loop, the new fan allows smoother operation of the auxiliary burner and somewhat increases the overall capacity 
of the incinerator by allowing, a higher off-gas flow rate. 

The former pressure instability and flame outblow problems were no longer observed. 

3.2.1.3. Treatment of liquid waste 

A total of about 15 m1 flammable solvents from laboratories using liquid scintillators for 'H. "C and l25I assay and 18 m' 
p-y contaminated waste oil from power stations has been incinerated in the auxiliary burner of the FLK-60 installation. 

As in the past, this kind of operation caused accelerated fouling of the rotating cup spray nozzle and increased fly ash 
production, requiring simultaneous operation of both baghouses. A spare burner head is available to allow continuous operation 
while cleaning the rotating cup. 

3.2.1.4. Treatment of solid waste from power stations 

Starting on 17th September, 1500 kg solid waste from former refurbishment works was incinerated and, at the beginning of 
October, the treatment of 3 metric tons preshredded waste from the Doel power station was started. This material, which 
is said to consist of 85 % combustible matter and 15 "„ non-combustible trash, was mixed with iron scrap (5.6 wt.°„) and 
glass (5.6 wt.%); in the first two batches, asbestos was also added (2.8 wt.°„). 

This kind of mixture appeared difficult to process in the FLK-60 incinerator. The incineration itself appeared to produce slag 
with high viscosity and melting point; therefore the granules production was low. The problem is probably caused by a high 
asbestos content in the Doel waste, the precise composition of which is unknown. About 600 I of granules have been produced 
during this campaign. 

3.2.1.5. The JCC Pnwing Test 

At the request of JGC, about 8 tons of simulated BWR waste was treated from 12th March to 28th March. First 2 metric 
tons of inactive mixture were treated, to check proper functioning of the furnace and its peripherals, then 6 metric tons 
containing 2.75 GBq (74.4 mCi) of chromium, cobalt, strontium and cesium isotopes were incinerated. A total of at 2500 
kg of granules was produced. Extensive sampling was carried out and it was attempted to calculate the activ:' oalances of 
the installation. 

However, after critical examination of the results obtained, both the sampling method and the radioactivity determinations 
appeared unreliable; new samples have been taken and are being processed. Results are expected for the spring of 1985. 
After completion of the incineration campaign, the furnace was dismantled and thoroughly inspected. No unexpected feature 
was noticed. A radiation survey was carried out during the JGC test. 

If we do not take into account the granules drums which are to be stored in specially designed structures, the most important 
radiation sources and contamination hazard are the bag filters. The contact dose rates there are in the range of 42 nSv/s 
(15 mRem/h) and the smearable contamination level on the flooi beneath them is 20 Bq/dm:. 

3.2.1.6. Performance of the FLK-60 installation 

During 1984, the FLK-60 installation incinerated 13,500 kg of solid waste during 465 hours (average processing rate 29 kg 
h) and 33 mJ of liquid waste during 387 hours (average processing rate 85 1/h). 29 100 1-drums of granules were produced, 
leading to a total volume reduction factor for solid waste of 23 (this figure does not take into account slag accumulated in 
the furnace when burning mixtures with high asbestos content). 

3.2.2. CHARACTERIZATION OF RADIOACTIVE WASTE FORMS 
(R. De Batist*, P. Van Iseghem, W. Timmermans, A. Stalios**, M. Rotti***, P. De Regge, P. Diels, F. Lieven*. J. Pelsmaekers, 
R. Orif, R. Vandaele4*, W. Hild'*, R. Reynders". E. De Gr»*e**) 

* Also RUC Antwerpen 
" SCK/CEN trainee 
••• RUC Antwerpen (IIKW/IISN) 
" KU Leu< :n 
" EUROCHE. (IC, Dessel 
- RU Gent 
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The characterization of conditioned radioactive waste forms has been continued with support from the CEC and NIRAS/ 
ONDRAF. The following waste forms are being studied : 
- for the solidification of HLW : CEC reference glasses UK209, SON58, SON64. SM58. SAN60 and CEC reference glass 

ceramic C3I; 
- for the solidification of a waste : FLK base and reference glasses WG119-124; 
- EUROCHEMIC medium level waste conditioned in bitumen (Eurobitum); 
- in the framework of the evaluation of the ocean dumping site (research carried out for NIRAS/ONDRAF as part of the 

NEA/OECD programme) : bituminized waste water sludges (SCK./CEN) and cemented evaporator concentrates (Doel 
power plan'). 

The main eflfort continues to be focused on the chemical stability of the various waste forms, in particular in relation to 
possible disposal conditions. For the vitreous waste forms, this means parametric leaching studies in static distilled water, 
corrosion in various static clay media and the preparation of in-situ experments to be performed in the underground laboratory 
(HADES project) in deep clay layers. Eurobitum has been investigated further in water and clay surroundings to better 
evaluate the influence of temperature and of the specimen surface to volume ratio. The low level waste forms are being 
studied in synthetic sea water at conditions similar to these to be expected at the disposal site (500 bar, 4°C). 

Additionally, in association with some universities, the crystallization behaviour and the mechanical properties of vitrified 
simulated waste forms are being studied. 

3.2.2.1. Chemical stability of waste glasses 

3.2.2.1.1. Chemical stability in static distilled water 

The study of the corrosion mechanisms in reference conditions (90°C, static distilled water) for the various waste glasses was 
continued. Totnl test durations of two years were reached. Some observations for the FLK glasses were reported last year. 
Some of the main conclusions for the HLW waste forms are as follows : 

- The surface area to solution volume ratio (SA.V ') has a strong influence on the elemental leaching mechanism; e.g. the 
Si leaching is mainly diffusion controlled at 1 cm', but matrix dissolution controlled at 0.1 cm '. Saturation of the leachate 
for Ca, Mg, Sr, Cs, AI, U occurs, after a few days. Saturation for the matrix components Si, B, Na and Li is observed in 
many cases, too; the high AI20, content (18 wt."„)of glass SAN60 correlates with low maximum Si, Na. 3, Cs, Sr concentrations 
(Fig. 3.2.2.1.La.). 
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Fig. }.2.2.1.1,a. Normalized specific weight losses after corrosion of glass SAN60 at 90°C (SA.V' = I cm''); x Si; o It; '-Na; 
• Ca. The data indicate that leachate saturation is not necessarily a persistent state. 

- Complex surface layers up to I0 urn (at 1 cm ') or 100 pm (at 0.1 cm ') thick are formed after 8 months of exposure 
involving the leaching of e.g. alkali's and the retention of high-valency elements (such as the lanthanides); they are covered 
by (;.g. Mg rich) precipitates. 

- When increasing the temperature t'p to 150°C and higher, at least in one case (SAN60) it was shown that the leachate 
saturation induced surface crystallization, which enabled enhanced corrosion of the glass (Fig. 3.2.2.1. Lb.) 
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Fig. 3.2.2.1.Lb. SEM views of glass SAN60 corroded during 28 d in distilled water at 150 (a) or 19t)°C (hi. The phases indicated 
correspond with (1) anakime !NaAlSi2Oh.H,0); (2) zeolite lNa^l,Si,Ou.6H20): tij eucriptite (Li.4ISiOt.2H2Oi; (4) 
a Ca. Si based crystal. 

The FLK base glasses revealed the influence of ALO, on the leaching process at 90°C and SA.V ' = 0.1 cm '. When the 
M J O J content of the glass is solely Fe,03 , dissolution of the main elements (Si, Na, Li) is controlled by diffusion processes. 
When part of the iron is replaced by aluminium, dissolution of Si. Na and Li is controlled, initially by diffusion and later by 
dissolution processes. 

3.2.2.1.2. Corrosion in static clay media 

The corrosion experiments on the various vitreous waste forms in a "standard" elay-watir mi.'turc. ICWM : 100 g Boom 
clay for 1 1 distilled water) and in wet clay (WC) were reported in the previous anni-il reports. These tests were conducted 
at 90°C, SA.V ' = I c m ' , and the atmosphere was oxidizing. The results obtained in 19X4 mainly relate to the following 
features. 

- The influent of the amount of clay particles 

Tests at 9(<°C with varying amounts of clay particles per unit -.o'ation volume indicate that the specimen weight losses increase 
with increasing amount of clay particles. 

- The influence of temperature 

Autoclave experiments at 120, 150 or 200°C were performed during max. 28 d. For glasses SM58 and SON64. both weight 
losses and surface layer structure (thickness, composition) arc found to be comparable after corrosion at 200°C. 28 d and 
90"C, 1 y (for the same chy medium). This suggests that increasing the temperature might be a valuable corrosion accelerating 
mode, at least in some cases. 

- The surface layers formed upon corrosion 

Their composition appears to be rather constant, independent of the corrosion medium (CWM. WC or distilled water). 
However, the surface layers do not exhibit crystallization at high temperature (e.g. 200°C) in clay media, as has been observed 
in distilled water. The surface layers also contain clay components such as S, which seem to initiate somehow the layer 
formation. 

- The influence of the redox conditions 

Tests at 90°C in both CWM and WC in either oxidizing or reducing conditions (K,, - + 460 or - 19(.' mV (corresponding 
with the Ehin the cl?y repository), revealed larger weight losses in reducing conditions when corrosion is performed in CWM; 
no difference was measured in WC (Fig. 3.2.2.1.2.). 

The experimental set-up was designed and/or the specimens prepared for : 

- corrosion experiments on PuO; bearing FLK glasses in CWM and reducing conditions (90"C): 

- corrosion experiments on HLW reference glasses traced with actinides (e.g. Pu. Am. Np). fission products (Tc. Sr. Cs) and 
some matrix elements in clay media in reducing coditions (90°C); 
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/7g. 3.2.2.1.2. Specific weight loss as a function of the corrosion time in the clay-water mixture (a) or wet clay <b) in different redo.x 
conditions for glasses SM58 C~. oxidizing B reducing condition) and SAN60 f„ oxidizing. A reducing condition) (90°C. 
I cm'). 

- corrosion experiments on HLW reference glasses in clay media under various redox conditions in the presence of a y-
radiation field of 10' rad.h ' (90°C). These tests are to be performed in the RITA installation of the BR2 reactor. 

3.2.2.1.3. In-situ experiments 

The results from screening tests in the surface clay quarry of Terhagen were evaluated. These tests were performed at various 
temperatures (13, 50, 150°C), yielding an interaction of the waste glass with a clay derived atmosphere. The weight losses 
remain below 2 x 10'g.cm 2 after more than two years of exposure. 

The experimental loops for the in-situ interaction tests (waste glass - wet clay; waste glass - clay derived atmosphere) have 
been prepared for introduction in the underground laboratory. Moreover, principal agreements were reached to perform similar 
in-situ t^sts in the STRIPA granite mine in Sweden and in the WIPP sa , mine in New Mexico (USA). 

3.2.2.1.4. Complementary experiments 

As part of the parametric corrosion study on various waste glasses, the influence on corrosion of leachate pH (9.5 or 5.7) 
and of partial crystallization (in distilled water and in the clay media) has been considered. Interpretation of results is in 
progress. 

The investigation of the crystallization kinetics by means of thermal analysis and of isothermal treatments is also continuing. 

A study of mechanical properties of waste glasses was initiated by means of four-point bending, double torsion and static 
fatigue experiments. It was found that the fracture strength of SM58 is nearly equal to that of window glass. 

3.2.2.2. Characterization of FLK slags 

The granules produced by the FLK incinerator durin? a run with Pu bearing waste were characterized. Mainly, the product 
is a largely (between 80 and 90 °„), amorphous ferro-aluminosilicate (FeO,»AljO,,Si02) contiining a minor amount of Fe2*(AI", 
Cr'*)304 spinel crystals. The small amount of PuO: added during the FLK run did not ai.ow microscopic detection of Pu in 
the granules. No evidence of segregation was found, however. The averagt Soxhlet corrosion rate (14 d in flowing distilled 
water at 99°C) is about I x 10 4 g.cm : .d' . 

3.2.2.3. Characterization of Eurobitum 

The work related to the bituminized intermediate level EUROCHEMIC waste consisted of leaching experiments at 23°C in 
conditions referring to a repository environment and of a continuing study of the ageing behaviour. 

3.2.2.3.1. Leaching in repository conditions 

Leaching tests up to one year duration were performed in conditions identical to those applied for the 40°C experiments. 
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They yielded mainly the following observations : 

- at 23'C. the swelling is much smaller than at 40 C: 
- the release of I ' and Cs depends on the temperature, contrary to the release of NO,. Sr and Co: 
- the leaching of the a emitters and of Sr is larger in the clay-water mixture than in distilled water. 

3.2.2.3.2. Ageing 

Representive Ftirobitum samples are being stored for investigation after several ageing periods. Following one year, the first 
analyses reveal slight changes in the DTA exothermic peak and in the penetration point but no measurable variations in the 
other measured properties. 

3.2.2.4. Compatibility of conditioned low-level waste forms with synthetic sea water 

The experiments with cemented evaporator concentrate specimens are still in progress. For the bituminized waste water 
sludges studied at 4°C. 500 bar in synthetic sea water for periods of 2. 6 and 2o weeks, the following results have been 
obtained : 

- shape, volume and density remain essentially unaltered after exposure: 
- chemical analysis of the leachate reveals relatively minor variations for the various elements: 
- radiochemical analysis of the leachate reveals fractional releases of less than I "„ after 26 weeks: in many cases, leachate 
activity is barely above background level and results are therefore rather inconclusive. 

3.2.3. GEOLOGICAL DISPOSAL OF RADIOACTIVE WASTE 
iA. Bonnei 

Geological storage into Boom clay kept its priority among all R & D activities in the waste field. The construction of the 
underground laboratory is finished and the provisional reception look place in October 1984. In situ geotechnical experiments 
were carried out at 250m depth in the framework of a joint venture with ANDRA (France) and new investigations on the 
clay's macropermeability are set up. It is quite interesting to mention that a free clay wall does not creep under 41) bar except 
for a momentary decompression which is observed immediately after excavation. In situ measurements of the Boom clay's 
permeability confirmed the mean laboratory value and these hydraulic experiments showed the water flow to be directed 
towards the cavity. 

Physico-chemical studies on interstitial water in geologic equilibrium indicated a pH of about 8.5 and a redox potential of 
300 mV. The strong retention properties of clay for actinides essentially depend on that pH-Fh combination. Fission products 

are sorbed by clay particles and organic matter plays an important rôle in the uptake of Np and other nuclides with very 
long half-life. In situ experiments on migration, corrosion, heat transfer and moisture mobility are being prepared. 

A hydrogeological network covering an area of 2500 km- has been installed and provides actual piezometric data. The main 
water direction above and below the Boom clay layer is W'SVV' and the seepage through the clay itself is vertical. 

Studies on the long-term safety of a waste repository in Boom clay were continued in the framework of C'FC's PAG IS 
programme. 

3.2.3.1. Investigations on the hydrogeology of the Viol area 
(A. Bonne, .1. Patijn, T. Mimides*. M. Voet, A. Buy ens I 

• ('J (' bursar 

The investigation of the regional hydrogeology. started in 1980 and carried out in close collaboration with the Belgian 
Geological Survey, has been continued. This programme aims at a good understanding of the hydrogeological environment 
of a waste repository which is of utmost importance because of the fact that, in case of release of radionuclides from an 
underground repository, the groundwater pathway will be the most obvious one. 

The main activities essentially dealt with the installation of the last wells of the regional hydrogcological observation network, 
the piczomctric level mc:'..->urcmcms. the modelling of the groundwater system and the sampling and testing of wells. 

The regional iiydrogeological piezometric network around the Mol site was completed by drilling and installation of the last 
wells (at Oclcgcm and Poppel). These drillings confirmed the hypothesis that the Scheldt-Meuse water boarder line in the 
northern part of the Kemper is copied in the Berg aquifer, beneath the Boom clay, by a piezometric dome. Presently the 
total network covers 132 wells. Which are measured twice or once a month. 
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Single well pumping tests were performed on well screens in the Berg sands at Wuustwezel. Oelegem and Meer. The 
calculated from these data is in good agreement with those obtained previously from pumping tests at other permeability 

'). 

Also sampling for hydrochemical characterization of the groundwaters has been continued. Special attention has been paid 
to the sampling of groundwater and technical solutions were found for representative sampling and sample preservation 
Jig. 3.2.3.1. illustrates by a flow-sheet the various sampling procedures and systems in the field. AN piezometrical hydrochemical 
data are stored in a QBE (Query By Example) and SQL (Structured Query Language). 

The hydrogeological modelling itself also covered several items. An inverse model developed last year for the calculation of 
the over-all transmissivity of the neogene aquifer from the observed piezometric evolution in tĥ .' Mol area has been further 
improved. This particular model solves the hydrodynamical diffusivity equation for the aquifer diffusivity (D = S T) by explicit 
finite differences and using finite time steps. The optimal solution for the most important hydrodynamic parameters, i.e. the 
transmissivity and the storage coefficient are inferred by an iterative solution algorithm, which involves the minimization of 
the squared errors between calculated and observed heads in all nodes of the regional grid and at all time steps A mean 
transmissivity value of 3.85 x 10 ' nr.s ' was calculated on the basis of piezometric and rainfall data observed between March 
and December 19X3 

The most recent data gathered from the observation network and the neogene transmissivity data, reckoned by the inverse 
model, mentioned above, have been used to calibrate the NEWSAM-model developed by Ecole des Mines (Paris) and to 
interpret the flow patterns. The data collected and the resulting flow pattern point to a VVSW How direction both above and 
below the Boom clay. 
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Fig. .?.*..?./. Schematic présentation af groundwater sampling procedure 

Also in co-operation with the Ecoles des Mines of Paris, a migration model has been made operational which allows to 
calculate radionuclide concentration profiles in both the Boom clay and the aquifer environment, taking into account the 
decay chains. The one-dimensionally designed stream-tube type model may be composed ol' several porous media, each 
medium having distinct hydrodynamic and hydraulic characteristics. For solving the mass transport equation, a numerical 
solution was developed in which finite differences are applied in space with a correction factor for numerical dispersion and 
polynomal integration in time. A diffusive-convective transport was considered in the Boom clay, whereas a dispersive-
convective transport scheme was used in the aquifer environment. 

Both models, the hydrodynamic and the migration model have been applied as a predictive tool for assessing the impact of 
various possible future geological conditions (geoprospective study). 
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3.2.3.2. Physico-chemical characterization of Boom clay 
(P. Henrion, M. Monsecour, A. Fonteyne) 

The digging of the experimental gallery in the Boom clay formation allowed to sample the interstitial clay water at 258 and 
251) m depth the boreholes were designed such that the conditions of sampling could be made strictly anaerobic. The actual 
composition of the interstitial clay water was found to agree very well with the expected one. deduced from earlier laboratory 
work. Essentially, the interstitial liquid is a Na-carbonate solution (- 900 mg CO, 1) at pH 8.7. free of sulphate (2 ppm) in 
unaltered conditions. The presence of ,4C in the water sampled has been confirmed: the | 4C' l :C ratio amounts to 3.8 "„ of 
its value in air. It is. however, premature to draw conclusions from these isolated measurements. Interpretation is postponed 
until a broader set of data becomes available. 

Much work was done on the sorption of Np. F.u. Pu. Am and Tc on Boom clay. The high humic acid content of the interstitial 
clay water constitutes a powerful complexation agent for all these nuclides. For Eu, the reaction is quantitative (and it is 
expected to be so for Am) in spite of the carbonate presence. It can therefore be asserted that, under in situ conditions, the 
organic material constitutes an exclusive sink for trivalent elements in Boom clay; Np also forms strong complexes with 
humic acids. Tc is strongly sorbed by Boom clay but only when the reducing properties are strictly unaltered: the relationship 
of Te with humic acids is more complicated and has so far not satisfactorily been explained. Pu as well forms humic complexes 
but. with time, the retention of Pu on Boom clay seems to be controlled by the insolubility of Pu'V. 

An important conclusion of the sorption work was that the mobility of the organic material in the compacted clay is expected 
io play a determining rôle in the actual migration rate of the radionuclides. In consequence, laboratory experiments were 
carried out to determine the diffusion of (light) humic material in compacted clay. Information regirding the mobility under 
in-situ conditions can be obtained from the analysis of groundwater directly sampled in the formation from boreholes in the 
gallery. Also, organic permeability measurements in columns of compacted clay are under preparation 

3.2.3.3. Migration of rarf. 'elides in Boom clay 
(P. Henrion. A. C'remer.-*. M. Put, M. Monsecour, A. Fonteyne) 

» K.I It-men 

Further studies on the migration of U. Cs and Sr have shown that radionuclide retardation can take place through sever;;'. 
mechanisms and that these mechanisms can be influenced by the experimental conditions. In particular I ' is stabilized in its 
Vlth-valence state by the high carbonate content of the interstitial water. The highly charged anion I'CUCO,),4 is not sorbed 
on the clay (Kd = (I) but its very limited mobility (D = 10" cnv.s ') is presently interpreted by the principle of Donnan 
exclusion The values of diffusion coefficients obtained for Sr and Cs by measurements in clay gels and found to be in 
agreement with the values calculated on the basis of sorption experiments, are not valid in compacted clay. 

These experiments stress the need to base model calculations for migration on data obtained by the methods most directly 
comparable to in situ conditions, namely measurements in compacted clay plugs, and to examine more closely the particular 
consequences of the degree of compaction on the migration. A new laboratory is presently being equipped with 15 diffusion 
cells to proceed with systematic measurements in reconsolidatcd clay. 

The main efforts in migration modelling of radionuclides emphasized the extension of the mathematical solutions to a 
comprehensive range of source parameters, including those causing complex arguments and to the range of times greater 
than the time for depletion of the source. A computer programme, named MICOF. has been written in Fortran VS. to rui 
on an IBM VMS system. 

Différent calculations have been made with the programme to evaluate the importance of the migration of the most important 
radionuclides prevailing in the high level waste. A remarkable result of these computations is shown in Fig. 3.2.3.3. This 
figure gives the concentration of the ; , 'Np. the longest living actinide, as a function of time and distance for four different 
source conditions, namely : 
- a source with a constant concentration until depletion of the source, being equal to the solubility of the radionuclide in 
the interstitial clay water (SI); 
- a total linear dissolution of the solidified waste block in a period of 2.1)00 vears (S2): 
- a total linear dissolution of the solidified waste block in a period of 10.001) years (S3); 
- an instantaneous dissolution of the total amount of radionuclide disposed (no concentration limit) (S4). 

The figure shows that, at a distance of more than about 6 in from the source, the concentration of -*"Np remains lower than 
the MPC' value of 1000 Bq m' for drinking water, and after a few thousand years and a distance of a few meters, there is 
no difference between the 4 source scenarios. This demonstrates that the clay formation is a very effective barrier for the 
migration of all radionuclides involved in the fuel cycle, even ',he n.ost difficult to confine. 

In the non-reprocessing option, disposal of ihe spent fuel elements from a PWR reactor in a nuclear waste repository located 
in the middle of a clay layer of 100 m thick, temperature and migration calculations have been done. The results of these 
calculations show that temperature and migration constraints do nol exclude the possibility of direct disposal of nnn-
reproccssed spent fuel elements after a cooling time of about 50 years. 
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3.2.3.4. Construction of the underground laboratory 
I P. Manfroy, B. Neerdael, M. Ruyens) 

After construction of the small 23 m deep exploratory shaft in clay, which has not been frozen prior to its excavation, a last 
horizontal and circular drift was dug for the in situ observation of the long term behaviour of the clav body. The length of 
this small gallery is about 7.3 m and it is lined with 22 rings of 20 concrete lining stones each. Between the concrete lining 
blocks, compressible wooden plates were placed. The terminal front of the gallery has been kept open in order to observe 
the convergence and creep behaviour of the unfrozen clay as a time dependant phenomenon. For this purpose, various 
measuring devices (e.g. Distofor apparatus) were placed in the clay body, around the gallery and in its structure itself. The 
geotechnical auscultation is a matter of joint investigation with ANDRA and BRGM 

The main 'haft was equipped with rescue ladders, electrical cables and compressed air ducts. The hoisting bucket used during 
the mining and construction phase was replaced by a conventional mining cage allowing the translation in the shaft of 
personnel and material under safe conditions. 

An air conditioning and ventilation station was installed at the surface to provide the shaft and the underground laboratory 
with a controlled working atmosphere (humidity, temperature). 

The municipal authorities granted an exploitation liccn:c of 20 years to SCK'CKN in order to operate the underground 
laboratory for R & D work on geological disposal of radioactive waste. 

3.2.3.5. Geomechankal characterization 
(P. Manfroy, B. Neerdael, D. De Bruyn. VI. Buyens) 

In order to predict the deformation of a clay wall around excavated structures (shafts, galleries, holes) and to evaluate the 
pressure build-up in the lining of the structures, it is necessary to model the clay behaviour as a viscoelastic material, i.e. 
the deformation comprises a first instantaneous part and a second time-dependent creep part. 

For the time bcint'. the freezing technique, as ground conditioning technique prior to the excavation, has lost its interest 
because evidence acquired during construction of the underground labr ratory. showed that digging of horizontal and vertical 
structures can be made in the clay without the freezing technique. 
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The analytical parameters of the stress-strain creep law were determined by analysing the uni- and triaxial compression tests 
and creep rate tests under triaxia! conditions on non-frozen clay. The tests were nin by the "laboratoire de Génie Civil" of 
the University of Louvain-la-Neuve (UCL) under the same experimental conditions as those previously applied for frozen 
clay (except that they were run at ambient temperature). Deviatoric stresses ranging from 2 to 4 M Pa were applied and by 
selecting appropriate loading steps, failure state was reached within a few days. 

In the framework of a tripartite convention signed with BRGM (France) and ISMES (Italy), a new geotechnical campaign 
was started on clay sampics taken during the small exploratory shaft. First results obtained show a smaller water content 
(19 "„) and =• higher undrained shear strength (1.2 MPa). The geotechnical observations were not restricted to those in 
relation to the small exploratory shaft. The clay body around the shaft is still thawing and data monitoring continues. 

First calculations seem to indicate that a rather good correlation can be found between deformations on the inner side of 
the lining and pressures recorded at some distances in the clay body. 

Lower hydrostatic and lithologie pressure values have been recorded in frozen ground during the pressure build-up around 
the gallery. 

Deformation measurements given by strain gauges mounted on some lining elements of the gallery are going on Most 
measurements show a compressive stress in the lining (max strain : 0.15 °„). The highest values were recorded 'n the first 
part of the gallery (rectangular access part and ring n° 2). 

A 11 m long bore hole, starting from the gallery (ring 22) was fitted with thermistors to measure the temperature evolution 
as a function of time during the thawing of the ground around the gallery: all recorded temperatures are now above OX. 

A few piezometers and thermistors were also placed around the small exploratory shaft at different distances from the gallery; 
very low interstitial pressures were recorded up to now (max. 6 bars) for ground temperature ranging from 13 to I7"C. 

In co-operation with ANDRA, complementary reconnaissance works in non-frozen clay were prepared to measure stresses 
and strains occurring during and after the excavation. Hydraulic pressure cells, load cells, extensometers. inclinometers, 
convergence measuring devices, etc. were installed for these measurements. 

The pressure cells indicate a very slow pressure build-up on the lining (about 10 bars after 6 months at 250 m depth). 

The measured deformations of 20 to 30 mm, recorded for several weeks during the construction of the small shaft, were 
corroborated by similar values taken during the digging of the small galery. 

3.2.3.6. Backfilling and sealing 
(B. Neerdael, P. Manfroy. D. De Bniyn) 

Different clay-based mixtures were studied for their potential use as sealing materials in abardoncd bore holes or freezing 
pipes and as backfilling materials to be poured in the annular space behind the lining of the galleries of a disposal facility 
in clay. 

After first identifying and selecting various mixtures, their mechanical properties were determined. Present work is devoted 
essentially to the study of the permeability of the interfaces between the selected materials and the clay host rock. 

Three mixtures of clay with organic and/or mineral components were considered in this test programme, which consists of 
flow tests in a macropermeameter allowing to measure the permeability coefficients at water pressures of about 2.5 MPa. the 
water pressure gradient between the upper and lower surfaces of the measuring cell being about 0.1 MPa. The first results 
showed a good correspondence with the permeability coefficients obtained previously by the ocdomcter test. 

3.2.3.7. Corrosion studies 
(F. Casteels, J. Dresselaers, H. Tas) 

- Structural materials 

Different grades of cast ductile iron protected with different anti- corrosion protection systems (galvanization, metallization, 
organic coatings) have been evaluated after corrosion testing in direct contact with clay at 13X. in a gas corrosion chamber 
at 25°C and in a humid clay atmosphere at 49X. A galvanization treatment or alloying cast ductile iron (grade M>) either 
with 6 % Si, 2.5 % Ni or 19.5 °„ Ni reduces considerably (factor 5 for galvanized cast ductile iron or a factor 6 tor the 
alloyed grades) the corrosion rate. Chemical analyses of corrosion and deposition products formed on the different grades of 
ductile cast iron enable the determination of the corrosion mechanism. 
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- Canister materials 

Post-corrosion analyses of specimens exposed at 50°C. 150°C and 300°C to synthetic gas compositions have been continued. 
The post-corrosion analysis by Auger electron spectroscy of specimens, corroded during 5 years at 30()°C. revealed that the 
thickness of the corrosion zone in austenitic and ferritic steels, in nickel and super alloys and Ti-allovs is limited to maximum 
800 x 10 '" m. The nature of corrosive species present in the reaction layers has been determined and led to the conclusion 
that the corrosion mechanism is governed by the formation of oxysulphides and sulphides. 

The corrosion zone in Hastelloy C-4. 1MI 260 (Ti 0.5 Pd) and IMI 115 (technically pure Ti) exposed for 2 years at 13°C in 
direct contact with clay, have been determined to be maximum 10'° m and oxygen showed to be the most reactive species. 

The stress induced corrosion rate and resulting cracking susceptibility has further been evaluated on a selected number of 
austenitic steels (AISI 304. AISI 304!.. AISI 316. UHB 904L). the ferritic steel 1803 MoT.high nickel alloys (Inconel 625 
and Hastelloy C-4) and commercial titanium in representative environments. Only a few materials, namely AISI 316. tested 
in the as-received condition in Antwerpian ground water at 98°C. and heat treated AISI 304 in the humid clay atmosphere 
at 50°C. present susceptibility to stress corrosion cracking. 

A device for studying the influence of an external radiation field on corrosion of candidate canister materials has been set 
up. The experiments will be carried out in the existing RITA irradiation installation of the BR2 reactor. The aim of this study 
is not only to study the influence of the radiation field on corrosion rate and mechanism but also the study of the generation 
of radiolysis products and the evolution of pH. Eh and dissolved O, in the different media. 

The corrosion rate of Ti at 25°C. 50°C and 75°C in interstitial clay water is limited to 0.1 x 10 * m.s '. 

- Preparation of in situ experiments in the underground experimental room 

The corrosion loops designed for direct contact with clay will be placed on the 76 cm flanges mounted on bolted cast iron 
segments. The samples of candidate canister materials and different simulated waste forms are located at the outside of a 
pressure tube. The specimens are heated by a retractable furnace at the inner side of the pressure tube. The loops and 
temperature regulating systems for carrying out corrosion tests at 15. 90 and 170°C are finished. 

The four corrosion test loops in a humid clay atmosphere will be inserted vertically downwards in the clay formation and 
connected to the experimental gallery. The loops terminate in a porous, stainless steel plug. The loops contain heating elements 
and a series of test specimens, which can be removed and exchanged during the experimental period. Argon is used as a 
carrier gas to collect the corrosive products released from the clay into the experimental loop and swept over the test samples. 

Previsions are taken for characterization of the corrosiveness of the atmosphere aspirated into the specimen compartment 
as a function of clay temperature and exposure time. This characterization includes on-line gas-analysis, dew point determination 
of the loaded sweep gas and chemical analyse* if condensates obtained at 8°C and -80°C. 

3.2.1.8. Safety and performance analysis of geological disposal repository 
(A. Lionne, C. Van Bosstraeten*. J . Marivoet, R. Beaufays. G. Bertozzi**, M. D'Alessandro", A.Saltelli**) 

* Cori'pro 
" JRC Ispra 

"l.ic probabilistic safety analysis of a repository in the Boom clay at Mol has been continued by calculating the consequences 
associated with two hypothetical scenarios : tectonic displacement and glacial erosion. The calculations were performed by 
applying the LISA-code. developed by JRC-lspra. The calculations showed that for the tectonic displacement scenario, 
maximum doses to an individual may be estimated to be two orders of magnitude lower than the natural background dose. 
For the very perturbing and catastrophic glacial erosion scenario, about 5 "„ of the calculation runs resulted in doses higher 
man the natural background. Because of the very low probability of this scenario, risk calculations, however, resulted in 
acceptable values. 

For the evaluation of the performance of radioactive waste repositories in various selected geological formations, the 
Commission of the European Community initiated in 1982 the PAGIS-action (Performance Assessment of Geological Isolation 
Systems). Within the framework of this action, SCK/CEN is in charge of the co-ordination of the studies on the clay formation. 
The Boom clay layer at Mol has been selected as the reference site, whereas the Val d'Era area in Italy and the Harwell 
region in the United Kingdom arc considered as variant sites. 

During the first phase (1982-1984) of the PAGIS-action, data bases have been elaborated for the reference and the variant 
sites describing the geological, hydrological and environmental characteristics, the repository designs and the waste inventories. 
A normal evolution scenario, describing the natural degradation of the waste and the repository, and some altered evolution 
scenarios (unexpected effects in the near field, human intrusion and tectonic displacements changing the normal evolution 
scenario) will be considered as well. Simple models describing the fate of radionuclides in the near field, the far field and 
the biosphere were selected for the different scenarios. 
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During the second phase (mid 1984-1986), the selected models were translated in computer codes allowing the possible doses 
tu the population to be calculated for the different scenarios. The normal evolution scenario for the Mol site is simulated by 
a deterministic model with conservative parameter values. The altered evolution scenarios will be described by stochastic-
models. As many model parameters are not exactly known or cannot be represented by a precise value, these parameter 
values are defined by a distribution function. This probabilistic approach implies the use of a Monte Carlo simulation, or 
one of its variants, to estimate the dose distribution to the population. Tests runs with the LISA-code were run successful!)' 
at Mol. 

3.2.3.9. Preparation of a safety and feasibility interim report (SAFIR) 
(A. Bonne, R. Beaufays) 

In the framework of the contract with NIRAS/ONDRAF. SCK/CEN is requested to draft and prepare, within a time span 
of two years and in co-operation with the former, an interim safety and feasibility report (SAFIR) concerning the disposal 
of conditioned radioactive high-level and alpha-bearing wastes in the Boom clay at Mol. 

A comprehensive table of contents of such report has been prepared. It deals with the radioactive waste arisings. the regional 
geological context, the disposal technologies, the interactions between the waste and the engineered and natural barriers, the 
medium and long-term safety assessment methodologies, the financial, regulatory, administrative and legislative aspects. 

3.2.3.10. Costs and financing modes of geological disposal 
(P. Manfroy. L. Baetslé) 

This study, which is performed within the framework of a contract with the CEC, is jointly undertaken with ANDRA (France) 
and it is aimed at assessing the costs of the disposal of radioactive wastes arising from a number of reactors with a total 
capacity of 10, 25 and 60 GW(e) and for the three options : clay, salt and granite. 

SCK/CEN, together with its subcontractors Belgonucleaire, TRACTIONEL and TRANSNUBF.L. evaluated the disposal 
costs in the clay, the transport costs for intermediate level, high-level and hull wastes, the interim storage costs in engineered 
surface structures. The analysis of the financing mode was launched at the end of this year. 

3.2.4. LAND DISPOSAL OF LOW-LEVEL WASTES 
(A. Bonne, P. Kockerols*) 

* Trainee 

Due to the fact that for Belgium uncertainty has arisen about the possibilities for sea dumping operations in the very near 
future, SCK/CEN started, at the request of NIRAS/ONDRAF, the exploration of alternative solutions, in particular the 
disposal on land. 

For the time being, activities in this field covered the design of possible concepts for the disposal on land (tumulus, bunker 
above and below water table), the elaboration of a performance assessment methodology and the definition of selection 
factors for the identification of potentially favourable areas for land disposal. 

These searches included also a survey of various concepts of existing and operational shallow land burial facilities and of 
design concepts proposed abroad. 

3.3. SAFEGUARDS 

3.3.1. BELGfAN SUPPORT TO THE IAEA FOR SAFEGUARDS IMPLEMENTATION 
(C. Beets) 

Traditionally, IAEA safeguards development has been earned out by making full and cost-effective use of the resources 
offered by Member States research establishments. This supp >rt and co-operation takes many forms, such as : 

- making available information and experience, through the attachment to the IAEA of cost-free experts: 
- studies of safeguards approaches; 
- development, testing, demonstration and improving of safeguards instruments and techniques; 
- training of inspectors in measurement techniques and in the correct means of taking samples for analysis and the provision 
of facilities at nuclear establishments for inspector training; 
- provision of assistance in developing methods for statistical treatment and evaluation of data. 
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The nuclear fuel cycle being well developed in Belgium and so submitted to quite severe safeguards implementations, a 
support programme was proposed to increase effectiveness of the inspections and to reduce their financial impact for the 
operator. These have been the guidelines in the items that are described, and a supplementary effort has been made not to 
limit them to safeguards purposes but also to make the methods useful for nuclear materials management. 

3.3.2. OPTIMIZATION OF SAFEGUARDS MEASURES IN MIXED OXIDE FUEL FABRICATION PLANTS 
(P. Bemelmans) 

A preliminary study of the error propagation problem in the material balance of a mixed oxide fuel manufacturing facility 
has been presented at the ESARDA Symposium in Karlsruhe. On that occasion, a realistic model of a fabrication line was 
drawn up on the basis of descriptive information providej by the operator of the Belgonucleaire plant in Dessel. The results 
of the calculations revealed the relative importance of the different error components of the material balance and their 
consequences for the operator's detection capability for diversion. It was shown, in particular, that a single physical inventory 
taking per year and appropriate flow measurements, provide sufficient assurance against diversion (of 1 significant quantity) 
up to a throughput of 1 OOl» kg of plutonium per year. 

As a task in the Belgian Support Programme to the IAEA, this work haj now been refined in the light of more recent data 
and the calculations described in detail. The error base, for example, has been subjected to discussion at the ESARDA 
Working Group on Mixed Oxide Fuel Fabrication Plant Safeguards (ISPO report nu 212) (Feb. 1984). Only minor changes 
are introduced, however, and the conclusions are not qualitatively affected. It should be noted that the operational conditions 
referred in particular to the fast reactor fuel fabrication campaign which was under way at that time. It is planned to repeat 
the calculation for other types of fabrication to be undertaken in the future. 

3.3.3. SAFEGUARDS MEASUREMENT TECHNOLOGY 

In the framework of the Belgian Support Programme, specific tasks have been defined. Progress and results concerning the 
reprocessing input tank calibration exercise, calorimetry. gamma-ray spectroscopy. PHONID 3 and FATIMA measurements 
and the ION-1 test are summarized below. 

3.3.3.1. Reprocessing input tank calibration exercise (RITCEX) 
(R. Boden, R. Carchon. P. De Regge, F. Fransen, D. Huys, F. Ven) 

During the exercise several instruments and procedures were compared under real process conditions at the recalibration of 
tank 221-4 in the former EUROCHEMIC plant. The direct measurement systems include the original EL'ROCHEMIC U-
tube manometers, the ENEA Time Domain Reflectometer, the SCK/CEN acoustic system and the RUSKA clectromanomcter 
system supplied by IAEA. In two of the four runs, tracers were introduced into the tank as well as a known quantity of 
uranium in order to evaluate the capability of this indirect technique. 

The reference data set of all measuring instruments was distributed to the participants at a meeting held in Luxemburg on 
22nd and 23rd May 1984. Evaluations have been carried out by 5 groups : KFK, IAEA, ENEA, PNC and ITREC. To co
ordinate the evaluations, the tank was divided into six regions separated by breakpoints which had been identified by a 
preliminary evaluation. The results of the evaluations have been presented at the final meeting held in Mol on 19th to 21st 
December 1984. Using the same data, the evaluations differ slightly according to the model chosen, cumulative or inverse, 
according to the weighting factors attributed to the data or according to the degree of the fitting operation In all cases, it 
became apparent that the precision of the measurements and the resulting uncertainty limits of the calculated calibration 
curve are not compatible with the observed residual volumes, even for the most precise instruments as can be seen from 
Fig. 3.3.3.1.a, b and c taken from the KFK evaluation. The data show systematic differences within the calibration runs as 
well as between the runs which are due to unidentified error sources. The size of the errors for a full tank is of the order 
of 0.1 \ for the RUSKA. 0.27 "„ for the U-tubcs and 0.3 "„ for the acoustic system. 

To evaluate the use of tracer techniques, accurately known quantities of uranium, lutetium, lead and neodymium have been 
prepared and added to the tank. Samples were taken and distributed to interested laboratories. 

Analysis results of tracer concentrations have been received from five participating laboratories. By calculating the ratio of 
the added quantity to the concentration of the tracer in the solution, the weight or volume of the liquid in the tank can be 
obtained if adequate homogénéisation has taken place. From the results it can be shown that homogénéisation of the tracers 
in the tank was not achieved at the lower sampling volume. The differences between the results of different laboratories are 
mainly due to systematic errors in the mass spectrometry measurements. The weight differences with respect to the reference 
weight in the tank, calculated from the individual tracer measurements are shown in Fig. 3.3.3.2. d, e. 
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On the other hand, the uranium inventory in the tank can be calculated from the concentration ratios in the samples and 
the known quantity of tracer introduced into the tank. This method provides an independent verification of the fissile material 
in the tank without the need for volume calibrations. The results are given in Table 3.3.3,1. 

Table .1.3.3.1. 
Uranium inventory in il:e tank calculated from the tracer measurements 

using the uranium versus tracer concentration ratio method 
(Qv = Q„n, x [UHltracerj 

RUN 12 Reference inventory in the tank : 995.7 g uranium 

Tracer used in the 
experiment 

Analyses carried 
out by laboratory 

Results obtained from 
the sample taken at 
a solution weight of 

16Do kg 
2609 kg 

A 

989.51 g 
989.37 g 

Lutetium 

C 

1004.85 g 
1008.63 g 

981.06 g 
993.52 g 

Lead 

987.84 g 
993.73 2 

RUN 13 Reference inventory in the tank : 1020.89 g uranium 

Tracer used in the experiment 

Analyses carried 
out by laboratory 

Results obtained from the sample 
taken at a solution weight of 

1617 kg 
2621 kg 

1015.71 g 
1018.34 g 

Neodymium 

1034.39 g 
1030.97 g 

As a result of Liit RITCEX exercise, a reference design and calibration procedure for a reprocessing input tank has been 
described in collaboration with NBL, KfK, IAEA, BNFL and the EURATOM Safeguards Directorate. 

3.3.3.2. Calorimetry 
(C. Beets, R. Carchon) 

Calorimetric measurements, performed on high burn-up Pu samples ( 14.5 mW/'g - 25,000 MWd/t) of a great variety of masses, 
revealed that this method allov.s fissile material assay with an accuracy better than 0.3 "„ and a precision of 0.1 "„. 
Measurement times, however, varied between 4 and 8 h. These extremely high accuri,"y and precision being independent of 
mass and burn-up of the plutonium assayed, but requiring, however, a minimum power output, an effort has been dedicrtfed 
to ihe possible application of cr.lorimetry for inspections or for fuel management, more particularly in a U02-PuO; plant. To 
reach thermal equilibrium, measurement times are inherently long, but they should certainly be reduced considerably to make 
the method industrially applicable. To solve this difficulty, the samples could be preheated to overcome the thermal resistance 
of the metal container when ambient temperatures a-e low. In this way, the Measurement time could be reduced by a factor 
of two. More difficulties are encountered in trying to install a nound // 150 calorimeter in a glove box. It was tried to keep 
the large bath outside of the box and to link the box frame 11 the sample chamber of the calorimeter. 
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3.3.3.3. Non-destructi»e measurement of the isotopic composition of Pu by hî n resolution gamma-ray spectroscopy 
(P. Fettweis) 

This item is reported in Chapter 5. 

3.3.3.4. Test of PHONID 3 for the measurement of nuclear materials 
(R. Carchon, P. Dell'Oro*, G. Smaers) 

* JRC Ispra 

The PHONID 3 device is a JRC-Ispra concept and is based on an active interrogation of a sample. An ,24Sb source irradiated 
a Be matrix and produces photo-neutrons that induce fissions in the fissile material that is studied. 

The in-field test of PHONID ? started at Springfields (U.K.) on uranium powders and pellets. This active neutron interrogation 
device turned out to give excellent results on that particular kind of fuel, as was reported at the 6th ESARDA Symposium 
in Venice. 

Tests of PHONID 3 on various other devices were continued at SCK/CEN as follows. 

- A uranium mock-up (16 x 16 pins) of Venus fuel pins was measured to test the versatility of the instrument for safeguards 
purposes. It turned out that 10 "„ of the tuel pins had to be removed bclóie any change in the instrument response was 
seen. 
- A similar conclusion was obtained with a mixed oxide mock-up, but due tr a non-negligible passive measurement result, 
both the active and passive interrogation had to be applied. Interim reports on the mock-up experiments have been published. 
- Well chancterized PuO, samples of high burn-up (25.000 MWd/t), ranging between 60 g and 2.5 kg and embedded in 
stainless steel containers, have been examined. The passive signal from the even Pu isotopes equals the active answer from 
all fissile isotopes. The interpretation of the results is not as straightforward as for the uranium samples. Data analysis i 
still going on. 
- A waste measurement campaign has beer, set up at the demand L.0 FBFC. LOW enriched uranium waste has been simulated 
by adding bags with well defined quantities of uranium of known enrichment to non-contaminated waste materies of great 
diversity. A 30 1 waste box contains the whole and just fits the cavity of the instrument. The detection of then i. neutrons 
is a rather ne-v concept for PHONID where any moderating material has been avoided. Thermalization of the neutrons at 
the source by polyethylene sheets of different thickness has been applied as well. Experiments are still goi.ig on. 

3.3.3.5. Test of a fast tiim -of-flight multiplicity analyser 
(G. Bertolini*, R. Carchon, A. Prosdocimi*. G Smaers, V. Vocino*) 

• JRC Ispra 

Support was given to the FAT'MA (Fast Time-of-Flight Multiplicity Analyser) experiment, set up by JRC-Ispra. The aim !" 
that study was to measure the ; >soiute rate of nuclear events emitting high multiplicity radiation as when spontaneous fission 
occurs, on a background of lower multiplicity radiation originated by independent events, such as gamma cascade following 
the a-decay of heavy isotopes or (a.n) reactions on light nuclei. The detectors used arc fast plastic scintillators, combined 
with fast photomultipliers. that react on both neutrons and gammas. 

Several plutonium samples have been measured. The analysis of the data and the development of th instrument arc going 
on. 

3.3.3.6. The non-destructive assay of spent fuel 
(C. Beets, R. Carchon, G. Smaers, I. Stoianova*) 

* Kozioduy Nuclear Power Slation, Bulgaria 

This test aims at the non-destructive measurement of irradiated fuel assemblies in spent storage ponds. 

The equipment called ÎON-1 is a fori: system with two identical arms that fit over the element. Each arm contains a : "U 
fission chamber for detection of the thermal neutrons, a cadmium wrapped fission chamber and an ionization chamber for 
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the gamma rays, all contained in a polyethylene. The Cm isotopes are the predominant neutron source. The fork detector is 
attached to stainless steel pipes of 10 m long, housing the signal cables and permitting positioning of the head in the pond 
and to keep it near by the assembly. If a fuel element is slightly lifted out of its storage position, the fork can be put around. 
A suitable calibration po mits an estimation of burn-up. cooling time and Pu content in the element. 

Experiments with a suitable set of spent fuel assemblies are planned at BR3 and at the Tihange 1 nuclear power static..». 
?s part of the Belgian Support Programme to the IAEA. 

3.3.4. CRYPTOGRAPHIC SF.ALS FOR CONTAINMENT AND SURVEILLANCE 
(E. Musycki 

• 

A prototype cryptographic circuit making use of a standard RSA has been realized. This circuit permits cryptographies of 
320 bits to be made in 7 seconds. This performance is due to the fact that two microprocessors are used, working in p;.. ullel 
and performing the calculations of Quisquater relative to the application of the theorem of the chinese rest. 
On the other hand, in the framework of the development of a low cost electronic seal we implemented the software of the 
standard DES in the microprocessor one chip 1468705G2 Motorola. This implementation, following the principles of 
cryptography by pseudo public key. permits a cryptographic speed of 300 bits per second. A proposal for further development 
of this project has been submitted for funding in the framework of the European Esprit Project. 

3.3.5. SAFEGUARDS ANALYTICAL MEASUREMENTS 
(R. Boden, D. Claes. P. Diels, L. Vandevelde. P. De Reegel 

In the framework of a contract with the EURATOM Safeguards Directorate, 49 samples have been analysed on their fissile 
material content and isotopic composition. Eighteen of the samples were mixed oxides, three were uranium oxides and 28 
were reprocessing input verification samples. In preparation of further reprocessing input verfication work. 50 dry mixed 
spikes have been prepared on behalf of the Safeguards Inspectorate. 

Quality Assurance for safeguards measurements has been maintained on a very high level by continuing participation to the 
Safeguards Analytical Laboratory Evaluation programme. The present performances (45 "„ confidence level uncertainty) of 
our laboratory in the SALE evaluation is as follows. 

Uranium concentration in oxides 0.13 "„ 
;"U enrichment o, LEV oxides 0.26 "„ 
! "U analysis in UO,(NO,): 0.14 "„ 
;"U analysis in UO ;-PuO, 0.75 "„ 
;"*Pu isotopic analysis in PuO. and UO,-PuO, 0.006 "„ 
;4'Pu isotopic analysis in PuOj and UO.-PuO, Oi l - 0.17 "„ 
Pu concentration in Pu oxide and UO.-PuO, 0.12 to 0.28 "„ 
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Chapter 4 

FUSION 
(J. Nihoul, M. Snykers) 

The main part of the fusion effort of SCK/CEN is integrated in the European fusion programme. The important achievements 
in 1984 are the start of the FAFUMA irradiations in the BR2 reactor, the fabrication of ceramic breeder material lithium 
metasilicate samples, the start of the operation of the LELI loop and the assembly of the MALICE loop. 

An information campaign for the Belgian industry has been started in order to involve industrial groups in the technological 
developments required for NET. 

The activities for JET have been continued. The design study of neutron diagnostic systems has been approved and has been 
extended to the construction phase. 

A new European five year programme for the period 1985-1989 has been prepared by the NET team and the national laboratories. 
The involvement of the NET team had a strong influence on the scope of the programme, which is now mainly focussed on 
the NET requirements. A small part is devoted to the long-term developments. The technology part has increased considerably. 
The following areas can be distinguished : magnet, blanket and first-wall engineering, tritium technology, structural materials, 
breeding materials, maintenance, safety and environment. The most important increase is noticed in the tritium and breeding 
materials. 

Industrial developments are incorporated under a separate heading in magnet, blanket and first-wall engineering and in tritium 
technology. It is part of the NET strategy to involve the industry from the very beginning of the project. Several European 
firms have taken the opportunity to send a delegate to the NET team charged with specific tasks. This enables them to identify 
those areas which could be of interest for them for industrial developments. 

SCK/CEN's proposal for the period 1985-1989 has been prepared. It is mainly an extension of programmes that had already 
been started. The technology of liquid metals is extended to heat transfer, the influence of magnetic fields, the influence of 
irradiation by neutrons and the in-pile tritium recovery. The fabrication and chacterization of ceramic breeder materials are 
extended to other candidate breeders. 

The irradiation behaviour of structural materials is extended 'o higher &JX» and to candidate divertor materials. 

The extraction of tritium from aqueous media is extended to extraction from gases and from effluents. With regard to new 
facilities, a medium sized tritium laboratory and a test facility for a mock-up of a segment of the NET are proposed. The 
collaboration with the USSR on liquid metals has been extended to irradiation effects on structural materials. 

4.1. LIQUID METALS 

4.1.1. IMPURITY MONITORING (CEC Task B4) 
(Ja. Dekeyser, M. Soenen, F. Casteels, J. Dresselaers, M. Alberty*) 

• Trainee 

The on-line impurity monitors to be tested and developed for lithium and lithium-lead are either of the diffusion type (hydrogen, 
carbon) or the electrochemical type (nitrogen, oxygen). The hydrogen concentration in liquid lithium has been determined by 
measurement of the equilibrium pressure using an alpha-iron thimble as a sensor. The measurements carried out in static 
and dynamic lithium show that a good relationship exists between the measured partial pressure and the hydrogen content 
of the lithium based on terminal solubility data. The hydrogen content in lithium measured at different cold trap temperatures 
in the lithium loop (Li-1) is shown in Table 4.1.l.a. 
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Tabie 4.i.i.a 
Hydrogen content in lithium as a function of cold trap temperature 

Membrane temperature 
K 

673 

Cold 

~ 
trap temperature 

K 

553 
533 
513 
493 

-. 

Permeation rate 
mbar I s ' 

9.5 x 10" 
8 x 10" 
5.7 x 10" 
7.6 x I0-» 

_ _ _ . . _ . . 

Hydrogen 
ppm 

41.38 
38.19 
26.31 
20.04 

. — . 

Table 4.1.lb 
Measured and calculated carbon activities as a function of cold trap temperature 

Membrane temperature 

K 

773 

.... __ 
Cold trap temper; 

K 

573 
523 
473 

iture Carbon 

measured 

3.317 x 10' 
1.647 x I0-' 
8.002 x 10-

activity 

calculated 

5.094 x 10: 

3.197 x UY 
1.259 x 10: 

The carbon activity in dynamic lithiuT" is determined by the "Harwell" type carbon meter (HCM). A helically wound iron 
tube used as membrane, is immersed in the luhmm and operated at 500"C. The inner side of the membrane has been oxidized 
The carbon present in the liquid lithium diffuses through the iron membrane and reacts with the iron oxide film with formation 
of CO. The amount of CO, after conversion into methane, i.» proportional to the carbon activity in the lithium. The carbon 
activity has been measured as a function of the cold trap temperatuic (see Table 4.1.lb) and compared with calculated data 
(based on terminal solubility data of carbon at the cold trap temperature). Inc differences between measured and calculated 
values can be attributed either to the chemical nature of carbon species in lithium oi ::•> 'arge scatter in published data of 
carbon solubility and diffusion data in a-iron. The carbon activity meter is now being calibrated using the i'.v.r. f,l'l equilibration 
technique. 

The selection of the membranes and solid electrolytes of the electrochemical monitors (oxygen and nitrogen) has been based 
on thermodynamic considerations, as well as on results related to compatibility tests in the liquid metal environment after 
more than 1000 hours. Compatibility tests carried out between the solid electrolyte YDT (Yttria doped thoria) and lithium 
at 400°C for 25, 50, 100 and I00O hours, result in the formation of a dark reaction zone, which grows as a function of 
exposure time. The influenced layer extends to a depth of 0.5x10 ' m after 1000 hours exposure time (Fig. 4.1. la) . Auger 
spcctroscopical analysis of the reaction layer revealed the presence of C and Li. The compatibility of Z r 0 2 in static lithium 
lead has been tested for 100 and 1000 hours. Optical microscopical analysis reveals no attack of the ZrO ;. Partially stabilized 
ZrOj and Th0 2 solid electrolyte have been used (with Sn-SnO;. Cu-Cu20 and ln-ln20, as reference electrolytes) to monitor 
the oxygen content either in lithium or lithium-lead. Preliminary results are presented in Fig. 4.1.lb. This figure represents 
the calculated and measured oxygen partial pressures as a function of temperature for either oxygen saturated lithium or 
lithium contaminated with I ppm 0 2 . The experiments with YDT have been interrupted by the development of cracks in the 
ceramic due to thermal or mechanical shocks. 

An electrochemical cell with AIN as solid electrolyte was built to measure tiie nitrogen content in the Li,,Pb,,. The cell is 
of the following type: Li„Pb„,/, solid electrolyte (AIN)//reference electrode (Cr-Cr2N). 

Table 4.1.1 c gives some practical results of the nitrogen pressure as a function of liquid temperature. 

Calibrations of the electrochemical oxygen and nitrogen cells are carried out in complex Ar-N,-0., gas mixtures. 
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Fig. 4.1.1 a. Compatibility between yttria doped thoria and lithium. 

Fig. 4.I.I.H. Partial oxygen pressure in function of the liquid metal temperature. 

Table 4.1.I.e. 
Measured partial nitrogen pressure in lithium-lead as a function of lithium-lead 

temperature 

Lithium-lead temperature 
K 

623 
673 
623 

Measured partial pressure of the 
nitrogen - mbar 

7.737 x I f )4 ' 
4.565 x 1 0 " 
1.009 x lO'" 

4.1.2. STUDY OF A LIQUID METAL FLOW IN A MAGNETIC FIELD ENVIRONMENT [CEC Task B5) 
iJa. Dekeyser, A. Fall», i. Parent, J.L. Walnier) 

The use of a liquid metal in a fusion reactor of the Tokamak type implies technical problems specifically related to the 
presence of a magnetic field. A dynamic loop sy^em, called MALICE, with a medium size electromagnet has been designed 
and is almost operational in 'he Technology and Energy Department The electromagnet can produce a magnetic field of 
over 2 Tcsla with a uniformity better than I "„ in a free volume of I x 0 1 x 0 I m'. This space enables the circulation of 
liquid metals in test sections with a diameter of up to 90 mm. The m.ignct has conventional water cooled copper conductors 
and is supplied with an electric current of up to 770 A. 
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The mechanical construction of the loop >\> completed and it will be operational at the beginning of < 985 after installation of 
the instrumentation. 
The first tests will be made with lithium; ihe tests with the eutectic alloy Li„Pb„ will start after sufficient operating experience 
has been gained in a smaller loop, called LEL1 (see 4.1.3.). 

The aspects studied with the MALICE loop are : 
• the influence of the magnetic field on corrosion and deposition phenomena, with the reference structural material for NET 
(AISI 316 L); 
• magneto-hydrodynamic (MHD) studies in a variety of test sections; 
• heat transfer studies. 

4.1.3. LITHIUM-LEAD TECHNOLOGY AND CORROSION (CEC Task B6) 
I J». Dekeyser, H Tas, F. Casleels) 

The natural convection loop (called LELI)i» constructed and an isometric view is given in Fig. 4.1.3. The loop is a parallelogram 
with the expansion tank connected at the hot side (upper part). The major parts are : expansion vessel, cooler, cold isothermal 
section, heated section, hot isothermal section, Lil7Pb„ dump tank, Li,,Pb„, melting tank and Li dump tank. The construction 
material of the loop is stainless steel AISI 316 L. The starting composition of the eutectic composition is 99.32 °„ Pb and 
0.68% Li (wt. -„). 

After melting the Li,7Pbu and draining in the aurai tank, the composition of the eutecticum did not change. The content of 
the non-metals in the starting material (N2 and 02) is being analysed. After operation of the loop for 24 hours with lithium, 
the loop was dumped and refilled with Li„Pb,j at 250°C. The temperature was increased to 400°C with a temperature gradient 
in the loop of 30°C. The flow meter responded after about 19 hours of circulating the eutectic. A constant flow of ± 7 cm.s ' 
in the 1 "pipe was measured during the test run. 

Two different corrosion samples (AISI 316 L and WN 1.4914 reference stt-els) have been exposed for 175 and 350 hours. 
The velocity at the corrosion samples is 1 to 2 cm.s"1. A visual inspection showed a clean surface without lithium-lead layer 
or weight changes. Analyses of the surface and cross-sections by metallographic microprobe and microscan techniques couli) 
not reveal any attack. 

Fig. 4.1.3. Isometric view of LE LI (Lithium-lead natural convection stand). 
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4.1.4. LITHIUM TECHNOLOGY AND CORROSION (CEC Task B7) 
(F. Casleels, Ja. Dekeyser. M. Soenen, H. Tas, J. Dresselaers) 

The analysis of metallic and non-metallic impurities dissolved in lithium, in adherent and non-adherent deposition and 
corrosion products present on AISI 316 substrate materials and different candidate structural materials of a fusion reactor 
(ferritic and austenitic steels, the light alloy Ti 6A14V and reft ctory alloys (V 20°oTi, Nb, TZM) exposed in the heating and 
cooling section of a thermal convection and a forced loop, resulted in the description of the mass transfer mechanism of 
metallic elements in a dynamic lithium system. 

The post-corrosion analyses of the same specimens and the analyses of the deposits present in a saturated magnetic iron 
trap, resulted in the determination of a mechanism of the influence of a magnetic trap on the corrosion rate of strut-":,.•! 
materials corroded in the high-temperature test section of a lithium loop. 

As published earlier, the replacement of a saturated magnetic iron trap by a new one reduces the mean corrosion rate of 
the above mentioned structural materials by a factor of ten. This phenomenon could be due to the higher saturation of lithium 
and thus a lower driving force for corrosion, due to the absence of nucleation sites for deposition in a new magnetic iron 
trap. 

These results have been presented at the Third International Conference on Liquid Metal Engineering and Technology held 
in Oxford on 9 - 13 April 1984 [4/3]. 

4.1.5. HYDROGEN ISOTOPES GETTERING (CEC Task B9) 
(Ja. Dekeyser, F. Casttels, H. Tas, N. Rumbaut*) 

* Industriële Hogeschool van het Rijk - Hasselt/Mol 

The study of the kinetic aspects of the hydrogen gettering in lithium has been performed using Ti-sponge. Since equilibrium 
is established between the partial pressure of hydrogen in lithium and the partial pressures of the above mentioned impurity 
in the cover gas, a gas chromatographic method has been used for studying the performance of Ti-sponge as getter material. 
The variations of partial pressure in the cover gas, during gettering experiments at 923 K with different quantities of titanium 
sponge have been=monitored. Three different types of reactions can be deduced as a function of exposure time : a chemical 
controlled reaction, a diffusion controlled reaction followed by the achievement of equilibrium (see Fig. 4.1.5.). In further tests 
the evolution of the partial pressure will be measured with diffusion type monitors (see 4.1.1.) instead of a gas chromatograph. 
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Fig 4.1.5. 'omentratwn of hydrogen in the cover gas during gettering. 
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4.1.6. l i y l II) METAL - PLASMA CONTACT DEVICES 
(Ja. Dekeyser, J.L. Walnier) 

The development of divertors faces the main problem of evacuating a high heat load, which comes from the plasma absorption. 
The feasibility of using an open surface of liquid metal for this purpose and for absorbing the diverted plasma is the object 
of this programme, which is led in collaboration with the I.V. Kurchatov Institute (U.S.S.R.). 

Experiments are to be carried out in an existing lithium loop in SCK CEN. in order to study the interaction of a moving 
surface of lithium with electrons, ions, and plasma particles. In order to better adapt the experiment to the actual conditions 
envisaged in the latest designs of liquid metal-cooled divertors, the internals of the test vessel of the loop will be redefined. 

A series of mock-up tests are concentrated on the production of water drops, using a variety of nozzles. The purpose of 
these tests is to give some information to be extrapolated later to lithium with the aid of dimensionless numbers. The difficulty 
of producing regular drops of the diameters of interest is evidenced. The shortest break-up lengths of liquid jets into drops 
are observed with long nozzles, due to a more favourable ratio of viscosity to inertial forces. The next mock-up tests will 
study film flows and drops curtains flows. 

4.2. CERAMIC BREEDER MATERIALS 
I A.J. Flipot) 

4.2.1. FABRICATION AND CHARACTERIZATION 
I A.J. Flipot, P. Diels, R. I ecoeq, F. I.uyckxl 

The fabrication of a good characterized lithium metasilicate is being studied in the scope of a co-ordinated study on ceramic 
breeder materials for fusion reactors under the auspices of the European Community. 

An original fabrication route has been developed and already been patented in Belgium. Contrary to the existing processes, 
the new one offers the possibility to obtain a very sinterable silicate, starting from commercial lithium carbonate and silicon 
oxide. Moreover, each step of the process can be performed by techniques and equipment that are currently used in industry, 
which is a real advantage for further industrialization. The powders are first intimately wet mixed and milled in an attritor 
mill. The resulting suspension is sp ay-dried to obtain very reactive particles (specific surface area up to 100 m2 g) which are 
then prccalcined and calcined 

A low-temperature precalcination gives rise to the formation of an intermediate phase, the existence of which is not mentioned 
in the literature, and the formation of which constitutes the originality and the success of the new fabrication route. This 
phase, being isomorphous with lithium aluminate LiAI02, presents a hexagonal lattice. As it has not been fully identified yet. 
it is called "X phase" (Fig. 4.2.1.a.). Appreciable amounts of this phase can be produced by a long thermal treatment at 
about 420-4.WC under wet air. This suggests that its formation is related to crystallization phenomena. 

(a) (b) 

fix 4.2.l.a. Diffraciogramme of a lithium carbonate and silica mixture, treated for 15 h at 43()"C under wet air. 

Fig 4.2.l.h. Structure of a metasilicate pellet sintered to HI "„ It). 
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A precalcined sample containing an appreciable amount of this hexagonal phase, can easiiy be transformed into suitci able 
metasilicate by thermal treatment at 600°C. On the contrary, if the precalcined sample does not contain that phase, the 
product calcined under the same conditions, will not be sinterable and will inevitably be contaminated by other silicates such 
as disilicate. This is deleterious for the density and for the soundness of the resulting pellets as well. Precalcination therefore 
re^iesents the key step of the process. 

The sinterable silicate allows the fabrication of sintered pellets with a density exceeding 90 °„ T.D. by cold compaction and 
pressureless sintering. For the fabrication of pellets with a medium density (80-85 °„ T.D.). the process offers the advantage 
of giving a fini grained structure. Fig.4.2.l.t. shows the structure of an annular pellet with an outer diameter of 14 mm, 
sintered to 81 °„ T.D. and having a grain size (0.3 nm to 1 ^im). 

4.2.2. PHYSICAL PROPERTIES 
(R. De Coninck) 

Thermal diffusivity and conductivity measurements on metasilicate pellets have been performed between 530CC and 900°C 
under vacuum. 

Although difficulties were encountered due to the low conductivity and the porosity of the product, a reproducibility of some 
I to 'i.Z "„ could be reached whereas the estimated accuracy ranged from 5 to 10 °„. A completely new measuring procedure 
is being worked out, in order to improve the overall reliability and sensitivity and to extend the temperature range of the 
measurements. 

4.2.3. COMPATIBILITY 
(A. Delbrassine, A. Kalla) 

Compatibility experiments will be carried out on well-characterized breeder and structural materials, at temperatures ranging 
from 400°C to 800°C under flowing gas (helium with typical impurities), the quality of which will be monitored. 

The experiments have been designed in order to assure continuously a good contact between the breeder ceramic, the 
structural material and the gaseous phase. To this end, the structural materials will be surrounded by granules of the breeder 
material that will be swept by the gas flow. 

The compatibility test facility can be shortly described as follows : 
- an electrical oven is loaded with 6 test sections and heated to the same temperature (up to 800°C): 
- one test section consists of a stainless steel thimble containing the tritium breeding material granules in contact with 6 
specimens of the structural material to be tested; each specimen is a 6 mm O.D. tube, stressed by an internal pressure of 
an inert gas mixture (He + Ar, Ne, Xe, Kr); 
- the tritium breeding material granules are continuously swept by a helium flow at 0.5 to 2 bar (rel.), containing hydrogen 
and moisture in adequate concentrations (10 to 2000 vpm) prepared and analysed in a gas mixing panel; 
- the rupture of a specimen is detected by a modification of the heat conductivity of the sweeping gas (catharometer) and 
localized by determining the nature of the inert gas released (partial pressure analyser); 
- in total, 6 different combinations of tritium breeding and structural materials can be used in one test run (one temperature 
level and one sweeping gas composition). 

At the end of 1984, the test facility was completed except the partial pressure analyser. The first compatibility tests will start 
in February 1985 with lithium metasilicate (Li,SiO,) fabricated by SCK CF.N 

A preliminary experiment has been carried out in order to test the filling technique and to determine the size of the breeder 
granules. 

4.2.4. IRRADIATIONS 
(A. Delbrassine. A. Falla, A.J. Flipot) 

A large effort has been devoted to the fabrication of pellets for irradiations in the HFR reactor (FXO'NC experiment). Four 
batches have been prepared using two different drying techniques and different sintering conditions Ali the pellets have a 
density of about 81 "„ T.D. but different grain sizes in order to study the influence of this parameter on the behaviour of 
lithium metasilicate under irradiation. 
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Irradiation of solid ceramic or intermetallic compounds as tritium breeding materials are planned in the BR2 reactor (ISOLA 
project) in the scope of the fusion reactor blanket technology R & D programme. 

The first irradiation campaign is aimed at the investigation of the following aspects : 
- the physico-chemical behaviour of tritium breeding materials in a neutron radiation field : swelling, resintering, change in 
physical properties, product migration, final integrity; 
- tritium migration and the feasibility of tritium recovery and transportation by a purging gas flow; 
- compatibility problems with structural materials caused by the lithium consumption and by migration of the products. 

The in-piie rig is derived from a Pressurized Water Capsule concept, widely used in the BR2 reactor for LWR fuel rod 
irradiation. This concept has the following main characteristics : 
- accurate and flexible temperature control of the breeder materials; 
- tritium transportation from the in-pile section by an inert gas venting system; 
- the feasibility of an irradiation in BR2 driver fuel element to obtain a high fast (E > 0.1 MeV) neutron flux density (6 to 
7x10" n.em2.s'). 

The fabrication drawings of the in-pile rig have been completed in 1984. The design of the out-of-pile control equipment will 
begin early 1985. 

The choite of adequate tritium gettering (as hydride) and reducing (reduction of T20 in T2) materials for the tritium recovery 
system, is an important aspect to keep the tritium release into the BR2 ventilation system below an acceptable level 
(< 10 Ci.d'). Performance tests have been carried out in 1984 with titanium and zirconium as getters and with magnesium 
as reducer. The analysis of the results remains to be completed. 

Besides other measurement methods (like washing bottles and water sampling), an ionization chamber will be used to monitor 
the tritium concentration in the inert purging gas (0.1 to 100 Ci.m'). Therefore a 0.1 liter ionization chamber has been tested 
to evaluate the response time and linearity and also the memory effect at high tritium concentration ievels. The linearity 
appears to be satisfactory. The response time to a stepwise increase of the tritium concentration is short (5 to 10 minutes 
for 99",, of the concentration step), but the low ionization current level cannot be recovered below 0.5 ",, of the maximum 
ionization current measured previously (memory effect). In conclusion, the ionization chamber can hardly be operated over 
2 decades of tritium concentration and, when not used, the chamber should be swept by non-contaminated inert gas. 

The first ISOLA irradiation campaign is now planned to start at mid-1986. with lithium metasilicate (Li3SiO,) pellets fabricated 
by SCK/CEN. 

4.3. STRUCTURAL MATERIALS 
i\V. Vandermeulen, V. Massaut, M. Snykers, W. Hendrix, J. Van de Velde) 

4.3.1. POST-IRRADIATION MECHANICAL PROPERTIES (CEC TASK MAT I) 

The FAFUMA 1 irradiation experiment, which has been described in the previous annual report, has been started in the 
BR2 reactor in February 1984. By the end of '984 it has accumulated a dose of 8xl0!l n/cm1 (E ><).! MeV) or 6 dpa and 
about 40 ppm He has been produced. Unloading of the rig is planned for June 1985. 

The FAFUMA 2 irradiation experiment has been prepared. It contains 6^ fatigue specimens (316 L CEC reference material 
and welds), 26 tension specimens (CEC and Japanese reference materials and US pea) and 10 subsize Charpy specimens 
(ferritic steel WN 1.4914). The rig is filled with NaK and the temperature control is in the usual way, i.e. by a gas gap 
surrounding the capsule. In view of the low temperature (250°C) required for this experiment, however, special care has been 
given to the design of the gas gap since this should be very narrow. It is expected to start FAFUMA 2 early in 1985. 

Ir. I.HMA, the installation of two fatigue machines for post-irradiation tests on the FAFUMA 1 and / samples continues. 
The machines are now operational and the hot-cell is being built around them. The first tests on non-active samples are 
sheduled for June 1985. 
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4.3.2. IN-REACTOR FATIGUE (CEC TASK MAT 2) 

A further step in the development of a rig for in-pile fatigue testing has been made by the construction of the third prototype. 
This module, as the first one, is reloadable and can be used at temperatures above 400°C. 

It has been used mainly to test and improve the specimen mounting and alignment system. Control of the alignment is carried 
out by means of a specimen provided with strain gauges. It has beer, found that the original design gives rise to rather large 
bending forces on the specimen. Moreover, a dissymmetry between tension and compression was found which could only be 
ascribed to large friction forces. The design has been modified accordingly and the first measurements showed a considerable 
improvement. 

Parallel to the development of the modules for out-of-pile use, the design of an in-pile module was started. This makes use 
of the laicst insights obtained from the out-of-pile prototypes. Some basic modifications, however, were made. In order to 
avoid radiation damage on the LVDT by the intense radiation field, it has been located out of the reactor core region. This 
necessitates the use of a longer module and reduces the number of modules that can be loaded in one rig to two instead of 
four as planned initially. However, this har the advantage that more space comes available for the specimen loading system 
which can be used to improve the alignment. 

4.3.3. IN-PILE CRACK GROWTH (CEC TASK MAT 4) 

This programme was aimed at the development of a system for in-pile fatigue crack growth measurement. It has been carried 
out in parallel with the French and Dutch laboratories at Saclay and Petten. The Mol concept was based on the compliance 
method using heat resistent strain gauges welded on a compact tension specimen. 

A rig design was made which allows parallel mounting and loading of two to four specimens. This mounting technique was 
tested experimentally and the feasibility of using weldable strain gauges to monitor fatigue crack growth at 430°C was 
demonstrated by several tests. 

The proposal was discussed in September 1984 during a meeting with representatives of NET, Saclay and Petten. Consequently, 
it has been agreed to perform the irradiation experiment in Osiris-Saclay on the basis of the fact that the load application 
system as proposed in the French concept already existed. Therefore, activities for this programme will virtually be stopped 
Only the study of the behaviour of the strain gauges under irradiation will bt continued, since this may be useful for other 
parts of the programme, e.g. the in-pile fatigue. 

4.3.4. STRUCTURAL CERAMICS (CEC TASK MAT 6) 

The structural ceramics for fusion reactors comprise first wall protection materials, insulating materials and window materials 
for RF waveguides. Originally, SCK/CEN was appointed to-ordinator to prepare a programme proposal. However, the 
potential benefits of R<kD in this field for SCK/CEN and the Belgian industry arc very small. Therefore, the decision has 
been taken to limit our contribution to irradiations in the BR2 reactor. The set of rigs for the irradiation of many ceramic 
samples at 400 to 1200°C was designed and proposed to the CF.C. 

4.3.5. DIVERTOR MATERIALS (CEC TASKS MAT 7 4 8) 

SCK/CEN has been appointed co-ordinator for the preparation of a programme proposal on candidate divertor materials. 
The selected materials are : OFHC copper, Cu-Cr-Zr, cw-W, W-5Re. The proposal has been prepared and discussed within 
the Materials Expert Group. The main part of the programme is related to the NET divertor design as elaborated by JRC 
Ispra. Techniques for joining tungsten to copper alloys have been discussed with industry. 

Preliminary comparative measurements of the mechanical properties of pure Cu and of the Cu-Cr-Zr alloy have been made. 
It was found that the as received tensile strength of the C'l-Cr-Zr is several times that of pure annealed Cu. Most of this 
strength, however, is due to cold working. This can be seen by the fact that after annealing and ageing, the strength of this 
alloy is reduced strongly. Heat treatment for 15 min. at 70<rC. simulating a brazing operation, reduces the strength almost 
as much as an annealing treatment. It was also noticed that, although the strength of the Cu-Cr-Zr alloy is reduced considerably 
by annealing, it still remains about 50 /„ higher than that of pure Cu. 
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The rotating bending fa'.gue properties at room temperature of the annealed and aged Cu-Cr-Zr, however, have been found 
to be even somewhat lower than those of Cu. As fatigue strength is one of the most important requirements for these 
materials, this result will be further investigated by more elaborate fatigue tests. 

The design of a first irradiation rig, called COSMETIC (COpper Samples for Mechanical Examination and Teusi'e tests 
Irradiation Campaign) is completed. This experiment is composed of two small uninstrumer'ed capsules containing Cu and 
Cu-Cr-Zr samples immersed in NaK. Some temperature and activation monitors are also included, in order to determine the 
actual irradiation corditions. One of the two capsules is designed for low-temperature irradiation (\ I50°C) and the other 
for 250°C. The irradiation is planned ti. start at the beginni.:g of 1985 and the requested dose is about 5 dpa. This short 
irradiation is intended to show at which temperature copper is more sensitive to irradiation embrittlement and to gu'dc the 
design of future experiments. 

4.3.6. SHEI.l.INi, BEHAVIOUR OF AUSTEN1TIC STAINLESS STEEIS (CEC TASK MAT 12) 

Solution annealed European reference stainless steel A1S1 3161. has been irradiated in the high voltage electron microscope 
of the University of Antwerpen (RUCA), in the temperature range 450-550°C up to a dose of 20 dpa. Considerable swelling 
has been observed, as could be expected. The results are similar to those obtained previously with a Mn-Cr austcnitic steel 
with trade name AMCR. 

A cold worked !;!.inium stabilized Ni-Cr austenitic stainless steel irradiated at 575"C. shows a much better swelling resistance 
than the solution annealed 3161.. 

4.4 BLANKET AND FIRST-WALL ENGINEERING 

4.4. NEUTRON SPECTROMETRY 
IE. Dekempeneer*. II. l.iskien**, I.. Mewissen, F. Poortmans) 

• IWONI IRSIA bursar 

" I 'RNM.Ocd 

Double differential neutron emission cross-sections are requested for the European Fusion Technology 'Programme, in particular 
for the calculation of the tritium breeding rate which is one of the most important design parameters. Top priority is assigned 
to five materials 'l.i. Be, Fe, Ni and Ph. 

A neutron spectrometer for the measurement of double-differential neutron-emission cross-sections has been set up at CBNM 
and experiments have been performed on 'l.i. 

The 120 MeV linear electron accelerator has been used as a pulsed white neutron source. The energy of the incoming neutrons 
was determined by the time-of-flight method, with a source to sample distance of 60 meter. The energy range was from 1.6 
MeV up to 16 MeV. The secondary neutron spectra will be determined by unfolding the pulse height distribution observed 
in six NE 213-scintillalors (0 = 5 cm. h = 5 cm) located at 20 cm from the sample and at emission angles of 24. 60. 90, 
120. 150. 160 degrees. In order to minimize multiple scattering corrections, a thin (0.032.1 at b) metallic 7l.i sample enriched 
to 'W.l)7 "„ was used. 

The data have been normalized to the shape of the incident neutron flux, as determined with a -"U fission chamber. The 
absolute values are based on the differential elastic cross-section of "C below 2 MeV. 

The data-taking is finished and the tnalysis has i«:cn started. Preliminary results are expected by May l°85. 

4.4.2. NEUTRON DOSIMETRY 

4.4.2.1. Participation in the J FT project 
(S. De I eeuw, <;. He leeuw-Gierts, P. D'hondt, A. Fabry) 

In the framework of a contact with JET. SCK ,'CEN has developed a system to monitor the plasma neutron yield of the 
JET machine Fissile {""[' and ; ,!Th) targets irradiated in the vicinity of the torus during each pulse of approximately 
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in second" are transferred by means of a fast pneu natie rabbit to a delaved neutron counting station, which is made of 'He 
counters embedded in polyethylene. 

After a preliminary study to optimize the delayed neutron counting station, a prototype has been built. In order to simulate 
the irradiation conditions if the targets in the (D.D) phase at JET. the targets are exposed in a :"U converter located in 
the vertical thermal column of the BRI reactor. The counting station contains a ring of six 'He counters at a distance of 8 
cm from the target. The experimental set-up is shown on Fig. 4.4.2.1. a,id described in [4 II]. 

G««ntiTt T n f * * « i COkUMM 

Fig. 4.4.2.1. Experimental set-up at the BRI reactor for testing and calibration of the delayed neutron counting station design for 
JET. 

The tests wet. ade with a natural uranium target of 10 g. The fission flux in the converter amounts to 2x10* n.cm 2.s' at 
tSc reactor power of I MW(th). To verify the decay of delayed neutrons calculated with the empirical KF.EPIN six-group 
data, measurements were performed with an irradiation time of 10 seconds and a counting time of 5 s as a function of the 
delay time, and also with different irradiation durations and fixed delay and counting times. The agreement lies within the 
experimental uncertainty of about ± 3 °„. 

In the design phase, the efficiency of the counting system (registered counts per neutron emitted) had been evaluated by 
measuring the response of a single 'He counter in water at various distances of an Am-Li neutron source. With the prototype, 
the efficiency can be deduced directly from the delayed neutron measurements and from the fission rate in the target during 
the irradiation. The efficiency amounts to 15 °„; it has been confirmed using a calibrated Am-Li source: the neutron energy 
spectrum of such a source is quite similar to that of the delayed neutrons. Neutron fluencc as low as a few 10* n.cm: can 
be measured at JET with an uncertainty of ± 10 °„. Routine and automated application is straightforward while requiring 
a minimal inventory of recyclable and well-assayed target:,. 

A contract with JET for the delivery by SCK/CEN of two measuring devices was approved y the JET Executive Committee 
in December 1984. 

4.4.2.2. Study of the irradiation conditions for the testing of fusion reactor structural materials and of fusion reactor blanket 
materials in materials testing fission reactors (MTR's) 
(J. Debrue, Ch. De Raedt, P. D'hondt. J. Vanmechelen) 

In 1984. the detailed analysis has been carried out of the results of the 1982-83 irradiation campaign of pure nickel samples 
in BR2. This campaign was part of the study of the enhancement, by pre-irradiation in a thermal neutron flux, of the helium 
production in fusion reactor first wall materials containing nickel and submitted to in-pile testing. Eight capsules were thus 
irradiated in BR2, some during about 90 and others during about 180 EFPD. in thermal and'or in mixed neutron fluxes, at 
high (samples H) and at lower (samples L) flux levels. The results of the post-irradiation helium measurements (performed 
at Rockwell International) and wNi/'"Ni ratio measurements (carried out at SCK C'EN) in the various samples were compared 
with the corresponding calculated values, based on the thermal, epithcrmal and fast fluencc measurements (Fig. 4.4.2.2.a.). 
On Fig. 4.4.2.2.b. the ratio of calculated over measured helium production for the BR2 samples is compared with that found 
in other reactors, using the same set of helium-production cross-sections (samples 1,3 and L4 were not considered in detail 
because of difficulties concerning the determination of the cpithermal over thermal flux ratio). The irradiation campaign led 
to a better insight in the prediction of the two-step helium formation in nickel-containing alloys [4 4b, 4 4c|. 
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Fig. 4.4.2 Ja. Measured and calculated He productions and ".\ï 5\Vj' ratios in the samples as a function of the thermal ftuence. 
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Fig. 4.4.2.2.b. Ratio of calculated over measured He production in Ni samples irradiated in ORR, HTIR and BR2. as a function 
of the measured He production. 

The thermal and fast fluxes in channels B-300 and B-60 of a present BR2 configuration have been determined with a view 
to the F/ FUMA irradiations. Also the detailed fast spectrum characterization of a fuel element irradiation position was 
carried out by irradiating several high energy dosimeters in BR02. The responses are being compared with the calculated 
values. 

Neutron calculations were performed for the irradiation in BR2 of a fusion breeding blanket irradiation device (ISOLA), in 
order to determine, for typical BR2 irradiation conditions, the lithium to tritium transformation rate, as well ns its radial 
distribution throughout the irradiated samples [3/25]. Li,0 and LijSiO, were considered as target materials. Calculations were 
made for devices both with and without neutron absorbing screen (Cd). Several uniform enrichments of the target samples 
were considered ranging from I \ to 60 ";, *Li/Li. as well as different radial dimensions of the target. 
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4.5. TRITIUM TECHNOLOGY 

4.5.1. ELECTROLYSIS OF TRIT1ATED WATER 
(A. Rahier, R. Corariissm, M. Gcerts, A. BraggcMU) 

Within the framework of the CLC contract on fusion technology and i~ collaboration with CEA-Saclay. SCK CEN lias 
started the development of a 100 ml per day electrolyser for decomposing the highly tritiated water that will be formed when 
tritium is extracted from the breeder or when the plasma exhaust is purified. Safety and reliability of this electrolytic system 
will have to be guaranteed for at least 10.000 working hours. Therefore, the over-all design emphasizes the following features 

- choice of suitable materials; 
- leak tightness; 
- multi-'.arrier protection; 
- remote handling; 
- redundant control instrumentation. 

On the basis of literature information and preliminary tests in mock-up cells, three different cell concepts were designed. 
They have the following joint characteristics : 

- low tritium inventory; 
- low working temperature (< IOO°C): 
- no external circulation of the e'ectrolyte. 

The first design involves the use of a vertical gas separator in a cylindrical configuration. The two other.', make uso of a 
planar horizontal diaphragm, which leads to a lower tritium inventory. In each case, no catholyte is present and the anolytc 
has also been avoided in the third system, in which liquid flows only inside the separator material. 

Several tests were carried out to determine which material has to be selected for each part of the three concepts mentioned 
above These ongoing tests concern mainly the chemical behaviour of the materials under practical conditions in relation 
with electrolysis. Other tests will be required concerning the effects of T.O and high radiation doses. Moreover, particu.ir 
attention has been paid to ensure leak tightness between the two gas compartments. An original procedure is being developed 
in order to weld the gas separator of the metallic wall of the cell without heatir.g. This procedure can be applied to the 
second and third concept of the ceil. 

The original conceptu?' designs have already been and will be further adapted according to the expcrimei.tal results. The 
future construction of prototypes exclusively built from materials that are likely to meet the requirements, will allow better 
testing of the different concepts in an appropriate loop, of which a general flow-sheet has been drawn. These tests will be 
carried out with gradually increasing inventories of radioactive material. 

4.6. ANTENNAE FOR RADIOFREQUENCY PLASMA HEATING 
(',.L. Walnier) 

Heating of the plasma in a fusion reactor can be partly effected by antennae launching waves in the ion cyclotron range of 
frequencies. 

Tests arc now being performed by the KMS, ERM in the TEXTOR Tokamak (Jiilich) using antennae and interfaces mechanically 
designed with the help of SCK/CEN. The design of a new test line, allowing easier maintenance, has been implemented in 
1984. It should be built and put into operation in 1985. 

Frurther work will be concentrated on the preparation of new antennae and interfaces, to be installed in Textor in place of 
the existing system, in order to give the new pumped limiter concept in Textor (AIT II) sufficient place. 
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Chapter 5 

ORIENTED BASIC RESEARCH 

5.1. MATERIALS SCIENCE 
(J. Niboal) 

5.1.1. ELECTRON MICROSCOPY 
(P. Dctarigaette. J.C. A1owop»«los*. A. Art**, A. Bary***. G.L. Bkris**, R. De Batist'*. M. Cbodsi**, S. Hagege***, 
Ta. Karakostas'*. Pa. Koaiaiaoa'*, S. Lay***, L. Miyafa-Naborikawa**. G. Noa*»***. E.K. Polycaroaiafo". J. Vice»***, 
S. Aawfiackx". D. CoMfe". C. Comet", D. Vaa Dyck**, J. Yaa LaHéryt"*. W. Coeat", G. Vaa Tearieloo'*, A. Lmseaa"*. 
D. Scfcryms'*, J. Mafcy**, R. De BKeck'*. F. Lo»ey,:*. V FraagV*. H.Q. Ye"*, G.A. Wiegm'4*. R. Ge»ers**, M. David», 
W. HcrreanaV* 

• Dcmocritus University of Thrace. XANTHI (Greece) 
— Université Libre <ie Bnuelles. BRUXELLES 

— ISMRA. Université de Caen, CAEN (FranceI 
" Aristotle University of Thessaloniki. THESSALONIKI (Greece) 
** Also at Riiksunrvcruiair Centrum Antwerpen. ANTWERPEN 
** IPEN. SAO PAULO (Brasil) 
"• CNRS. MEUDON BELLEVUE (France) 
" University of Sevilla. SF.VILLA (Spain) 
" Rijksuniversitxr Centrum Antwerpen. ANTWERPEN 

'** Universitaire Instelling Antwerpen and Rijksuniversitair Centrum Antwerpen. ANTWERPFN 
"• ONERA. PARIS (France) 
'=• Centro Atomico Bank-he. BARILOCHE (Argentina) 
"• University of Shenyang. SHENYANG. R.P. China 
"• University of Groningen. GRONiNGEN (The Netherlands) 

A group-theoretical approach has been presented for the determination of the symmetry of coincidence site lattices (CSL). 
This is used as a tool for the determination of the base of a CSL and of a DSCL (displacement shift complete lattice). An 
application is presented for the cubic la.ticc and for hexagonal lattices. A particular attention has also been paid to (he 
analysis of different methods of high precision orientatior determinations in a transmission electron microscope and its 
particular application to the case of CSL. 

A systematic study of the grain boundaries in polycrystalline silicon for photovoltaic applications has been performed. The 
majority of the grain boundaries are of the twin types of different orders, i.e. are described by CSL's with L = 3, 9. 27, ... . 
Deviation from perfect coincidence orientations .e more frequent for higher indices. This deviation is generally accomplished 
by sets of dislocations accounting for either twist deviations or tilt deviations. Exceptionally a near coincidence has been 
observed for a twin boundary for which no dislocation was visible. The first order generally pres:n;s a perfect coincidence. 

Subgrain boundaries have been studied in deformed tungsten carbide crystals and their dislocation content has been analysed 
in detail. It has been shown that tilt boundaries of different orientations are preferably formed. 
Deformation twins of the type (10.2) are commonly observed in zinc. They often present sets of dislocations, which have 
been analysed and whic1- arc divided in two groups. The first of them are responsible for the growth of the twins and all iw 
an analysis of the twin mechanism. The second group is responsible of small deviations of an ideal twin orientation as has 
been established by the Purgcrs vector analysis. 

Annealing structures have been studied in zirconium. Their analysis has shown a marked preference to form grain boudarics 
presenting a coincidence lattice. Although they are mostly low index CSL and in particular twin boundaries, higher indices 
grain boundaries have been unambiguously determined as well, such as X - 31, 49 or 67. Deformation structures ha-e also 
been studied in zirconium where essentially subgrain boundaries and deformation twins have been detected. An unexpected 
variety of deformation twins has been detected. 

A study of crystal defects introduced by ion implantation has been started in collaboration with V.I.. Bruxelles. 

A joint study of composite metals based on nickel-cobalt alloy has ben started with the U.L. Bruxelles. Special attention is 
paid to the corrosion properties of the material. The coalescence of the dispersed particles is also being investigated. 

VI 



Apaii fiuin a further development of image simulation techniques based on the real space method [5 I 54, 5 ! 451. these 
techniques have been applied as support for interpretation in a number of studies of alloys and compounds by high resolution 
electron microscopy Reviews are reported in [5.1 75.5.1 7.5.1 6.5.1 3.5.1 4J. Structural information and defect characterization 
was obtained for various alloy systems e.g. Au-Mg [5.1 78]. Pt-V [5.1 64]. Ni-Mo [5.1 65]. Al-Ti [5.1 72], Cu-Al (Zn) [5.1 51. 
5 1 47. 5 1 54. 5.1 49. 5 1 46. 5 1 48]. MnSi [5.1 84). (Au.AghTe [5.1 80. 5 1 82] anci Cii^r, [5.1 81) In many cases -icw 
phases based on long periodic antiphase boundary structures could be identified. A new approach to short range rrder 
interpretation has resulted from HRF.M of Au4Cr und Ni4Mo [5.1 67). 

HRF.M was al-' ised to solve structural problems in ceramic and other compounds such as AgIn,Se, [5.1 39). Cu„T,VS; 
[5.1 13. 5.1 12) ^ .d MnGa_.S4 where a new structure proposal could be deduced [5.1 20). 

Hg. 5.1.1.1. Radiation disorder in binary alloys 

a- Dark held electron micrograph of Cu,Pd after 2 radiation doses of I Mei' electrons ; a. 1.2 x I0'k e m'-
b I.H x /fl;» e m-

A long period superstructure is gradually developing. 

/>• Evolution of the electron diffraction pattern along the cube zone of \i,Mo for i different doses of I \1eV electrons at specimen 
'emperature.s of abc, HO K 

die if) MX) A 
gihiii 570 K 

Several materials were analysed for the characterization of phase transformations [5.1 8). An incommensurate phase was 
observed to coexist with the ci-prmc cl' se to the transition at 574T in quart; [5.1 38). A detailed analysis of the orientation 
of the boundaries elinating the periodically arranged Dauphinc twin domains was in good agreement with theoretical predictions 
[5.1 74. 5.1 5]. 

Other phase transition studies involved the pcrovskitc related ructurcs : KF?F4. RbFeF4 and RbVF4 [5.1 18), for which also 
a structure classification scheme was derived [5.1 73). and NbTt4 which cxhii its an incommensurate phase [5.1 53]. 

A number of studies concerned the fine structure of electron diffraction data in relation with structural effects such as : 
order-disorder in metal carbides [5.1 52] and radiation disorder in alloys [5.1 79) (Fig. 5.1.1.1). Spot splitting caused by the 
presence of even a single planar defect was studied by HRF.M and optical diffraction and was confirmed by diffraction 
calculations. 
A theoretical analysis of the contrast at stacking faults when observed a: high magnification and parallel wi.h the electron 
beam allowed considerations about the nature of the dispersion surface and the Bloch waves "at" the interface [5.1 16). 



5.1.2. NEUTRON DIFFRACTION 
(E. Lep*"*. J.P. Decferq*, A. Parfowy*, B. Tiaaart*, M. Va» Meersscae*. F. Vermeersch**, R. Via den Bergbe**, 
R.B. HetaMMt***) 

* Université Catholique de Louvain. LOUVAIN-la NEL VE 

** Rijksuniversiteit, GENT 

~ * ECN PETTEN (The Netherlands) 

The background of the diffraction pattern of the spinel compound CuNi. ,Mn, ,04 , which shows no long range order between 
the Ni and Mn atoms on the octahedral sites, exhibits oscillations that are typical for diffuse scattering due to short range 
order. This indicates that a fairly high degree of short-range order is present in the compound. Since the experimental 
background, mainly under small scattering angles, can not accurately be subtracted, a model for short range order with only 
one parameter has been applied. A proposal has been introduced to the Laboratoire Léon Bruillouin to study these phenomena 
for several similar compounds on the spectrometer "PHYLICAN" which is particularly designed to study diffuse scattering. 

Preliminary diffraction measurements have been performed at room temperature on dimethylamino-2 J. 

At the request of ECN Petten, diffraction spectra have been taken on powders of barium gallium and barium aluminium 
oxides. These measrrements were performed as a service in return for the measurements carried out some years ago at 
Petten during the long stop of the BR2 reactor. 

5.1.3. INTERNAL FRICTION 
(R. De Batist*, K. De Moor**. S. El-Say e i " * i 

* Also Rnksuniversitair Centrum Antwerpen. ANTWERPEN 

•• IIKW bursar 

*** Atomic Energy Authority. CAIRO (Egypt) 

The study of the internal friction properties of semi-crystalline polymers has been continued. The major part of the experimental 
effort has been devoted to improving the performance of the automated torsion pendulum and to the preparation of specimens 
suitable for internal friction experiments. 

The electro-mechanical functioning of 'he torsion pendulum equipment has been thoroughly evaluated in the temperature 
range between liquid helium temperature and room temperature. From these tests it became evident that, because of the 
strong temperature dependence of the shear modulus (and hence of the resonance frequency) which is characteristic for 
polymers, the system is not ;.s such suited for measurements on this class of materials. Therefore it was decided to design 
a new computer-controlled measuring system to allow continuous monitoring and steering of the mechanical resonance 
conditions of the pendulum (amplitude, phase). Schematically,:' involves the following steps : amplitude measurement - ADC 
- computer evaluation - DAC - pendulum. In this way the oscillation of the pendulum can be maintained at a constant 
level, irrespective of the temperature (which is used as the independent variable in the determination of the internal friction 
spectrum) and hence also irrespective of the frequency of oscillation. The hardware of the system is assembled at RUCA. 

Two types of semicrystalline polymers are presently under investigation : poly-ethylenc terephtafate (PET) and polyvinylidcnc 
fluoride (PVDF). 

PET specimens were cut from thin films prepared (at the KUL department of macromolecular ch «aistry) by melt pressing 
of commercial PET pellets (obtained from Janssen Pharmaceutical Specimens with dimensions of approximately 40 x 4 x I 
mm were found to be suitable for internal friction measurements using a flexural vibration set-up. Some preliminary results 
were obtained between 100 K and 3S0 K and revealed, in addition to the generally rather high damping level (> Ifr1) in this 
material, also the presence of the glass transition near 340 K. 

The ways to prepare PVDF specimens with well defined crystalline structures and morphologies have been experimentally 
defined earlier. These initial specimens, however, were not well suited for internal friction experiments. Various method for 
obtaining cylindrical PVDF wires have been tested but with unfortunately very little success. Encouraging results could be 
obtained finally using an adaptation of a capillary rheometer at the department of macrorr.olecular engineering at ICI . 
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5.1.4. MAGNETIC SUSCEPTIBILITY 
I A. V u des Bosch) 

Low temperature static magnetic susceptibility data, taken following the Faraday method on isochronal annealed fast neutron 
irradiation a-quartz single crystals, have been related to measurements of density, positron annihilation lifetime and Doppler 
broadening (RUG). The interpretation of the relation is based on the material behaviour in the spikelike domains of the 
san? pies. 

The static magnetic susceptib'ities of two samples, one out of each "least magnetic" fraction of two coal batches ( B G Q have 
been measured. For both samples the low-temperature average moment of the paramagnetic centres is smaller than that of 
an isolated iron ion, indicating the presence of free radicals. 

The magnetic moment of an amorphous Zr„,Pdo, alloy (ORNL)has been measured. Vhe critical temperatures for superconductivity, 
as deduced from the magnetic data taken between 2.3 K and 2.6 K. and as obtained by resistometry (see par. 6.3.3.2.) agree 
within 3 percent. 

5.1.5. THERMOPHYSICAL MEASUREMENTS 
iR. De Coamck) 

In the framework of the PAHR and fusion programmes, measurements of thermal diffusivity and conductivity have been 
performed between 530 and 900°C on several ZrO, and on Li2SiO, specimens with various densities. 

Serious difficulties were encountered primarily due to the low conductivity and the porosity. To enhance the overall reliability, 
but especially to improve the low temperature limitation (about 550'C). an original measurement procedure and data acquisition-
computation procedure is being developed. A new computer programme has been worked out which calculates the results 
according to earlier theories but now making use of complex numbers mathematics. Additional measurements will be carrieu 
out of either two or three phase angles instead of one and infrared detectors and associated amplifiers are being tested. This 
should allow a decrease by several hundreds of ' C of the temperature range below the present limit. Measurements in the 
medium temperature range, which presently are in great demand, will thus be possible. 

In order to obtain a more homogeneous temperature distribution over the sample. The scanning system is completely being 
r-vised: moreover the electron gun configuration is being optimized with the help of a new computer programme. These 
improvements arc particularly important for thermal conductors. 

5.1.6. EXCHANGE EFFECTS IN THE INTERATOMIC POTENTIAL IN METALS 
(J.T. Durées**. F. BroMi»**. J. Cometis, J. Nibonl) 

* t "nivcrtitaire InMellin; Antwerpen and RijksunivcrMtair Centrum Antwerpen. ANTWERPEN 

•• I 'niveriitaire Instelling Antwerpen. ANTWERPEN 

In the framework of the programme on interatomic potentials in metals, the theoretical description of the dynamical behaviour 
of lattice defects required the detailed knowledge of the effective interatomic interaction (for which usually phcnomenological 
models are assumed). A major problem in the theoretical calculation of these potentials is the effect of the dynamical exchange 
interaction. Based on the dielectric function of the electron gas including dynamical exchange effects, as reported previously. 
a formalism has been developed for including these effects in the interatomic potential from first principles. 

5.1.7. BASIC STUDIES ON DEFECTS IN SOLIDS 
Il M. Slab*. G. Kmyl*. L. De Schepper*. W De Cewimck*. M. D'Olieslaeger*. F. Vermeersch*. E. Thoonen*. D. Poli»*, 
J. Cornel», M. Snykers. J. NiHool) 

• l.imburf* t*nivcr\.lair Centrum. Diepenbeek 

5 1.7.1. Defects in crystalline mlerial* 

A first topic of this research concerns the study of the fundamental aspects of the single vacancy in b.c.c. iron. i.e. the 
migration and formation enthalpies, after cold working, by means of electrical resistivity measurements and by positron 
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annihilation in thermal equilibrium between room temperature and the melting point of iron. Also the interaction between 
single vacancies and carbon atoms ir interstitial solution is studied. A second topic is the agglomeration of single vacancies 
into voids under continuous irradiation in a high voltage electron microscope. Special attention is paid to the influence of 
pre-implanted helium of interstitially dissolved carbon. 

The formation and growth of helium bubbles after helium implantation in the energy range 50 eV - 5 keV in nickel has been 
studied by transmission electron microscopy. A systematic study of the influence of the irradiation dose and energy is made 
in order to test the models constructed to explain bubble growth during helium irradiation. 

5.1.7.2. Defects in amorphous metallic alloys 

A facility is being constructed to fabricate metallic amorphous alloys on a laboratory scale in order to supply a variety of 
metallic alloys (primarily of the transition metal - metalloid type) for fundamental research. The same techniques as described 
in the previous subsection are applic4 to study helium bubbles in amorphous alloys based on iron and nickel. Chemical and 
topological relaxation in iron-nickel based amorphous alloys is studied using electrical resistivity measurements. 

5.2. NUCLEAR METROLOGY 
(M. INèie de Mévergnies) 

5.2.1. NUCLEAR PHYSICS 

5.2.1.1. Neutron spectrometry 

The major part of the measurements reported below is performed in the framework of the joint SCK CEN - CBNM -
RUCA - VUB neutron cross-section programme. 

Neutron resonance structure of structural materials for fast reactors : wCr 
(L. MewBsen, F. Poortmans. I. Marcke*) 

• CBNM Bursar 

Two sets of neutron transmission experiments were performed at the pulsed neutron source GELINA on a 200 m flight path 
with a moderated neutron beam and on a 400 m flight path with an unmoderatea beam, respectively. The measurements 
have been described in a previous annual report. 

Resonance parameter analysis was done up to 800 keV using the Reich-Moore multilevel code MLLTI. The neutron widths 
were determined for 300 resonances and spin and parity for an important fraction of them. The spin and parity assignment 
was based on the resonance peak cross-sections and on resonance-potential interference effects in the total cross-section. 

The results will be published soon. 

Neutron resonance structure of structural materials for fast reactors : ,,C6"Cfi'Ni. 

The total neutron cross-section of the isotopes "C6"C6'Ni has been measured between 20 keV and 400 keV neutron energy. 
The experiments were performed on a 200 m flight path of GELINA using a moderated neutron beam. The accelerator burst 
width was 700 ps and the minimum channel width of the time-digitizer 4 ns. The samples bnvc been prepared from enriched, 
metallic material (on loan from Oak Ridge National Laboratory) and had the following thickness : "Ni (99.9.1 "„, total amount 
45.57 g. thickness 0.04918 at/b). "°Ni (99.07 "„. total amount 123.13 g, thickness 0.1285 at b) and *'Ni (91.78 "„. total amount 
25.283 g. thickness 0.02594 at/b). 

A second scries of experiments with better time-of-flight resolution on a 400 m flight path with unmodcratcd neutrons and 
covering the energy range 250 keV - 20 MeV. is planned for the near future. 

Doorways in the reaction T b + n 
{R. Kohier*. L. Mewissen, F. Poortman», S. Raman**, H. Warteiw*. H. Weigmann') 

• CBNM >KC (fed 
•• ORNI 

At the GELINA neutron TO -'-spectrometer, two total cross-section measurements have been done with flight path lengths 
of 200 and 400 m. The energy range covered was from 15 keV to 20 MeV. In order to search for the expected MI-strength 
in ""Pb. a capture experiment at a 130 m flight path has been performed, covering the neutron energy range from 3 keV in 
4 MeV 
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The strength functions for s- and p-waves show steep rises at "450 keV and "90 keV, respectively. Teh s-wave structure has 
about the same strength as the well known "doorways" for ""Pb and **Pb at approximately the same energy, so that one 
can assume the same doorway configurations to be involved in the compound nucleus formation. In the p-wave structure a 
correlation has been found between the neutron widths and the partial widths for MA transition to the ground state of ""Pb. 
In the region between 500 and 700 keV many strong y-transitions populating the first excited state (3) of ""Pb have br^n 
observed, indicating another type of doorway structure. An attempt is made to interprète the doorway:; observed on the basis 
of the shell-model. 

Programming 
(L. Mewissen» 

A computer code in HP Assembler has been written to measure the response function of a NE213 plastic scintillator. On 
the 2117B processor with 1792Kb of core memory this code permits to acquire for 256 time-of-flight channels the corresponding 
2048 pulse height values. Each partial measurement of 512 K (16 bit words) is written on magnetic t^Fe. This code nas been 
adapted to build up the time-of-flight and pulse height spectra for six different detectors to measure the double differential 
neutron emission cross-section for the 7Li (n,un) reaction between 1.6 and 16 MeV reported in Chapter 4. 

The "S(n.a)wSi and "Ca (n.a^'Ar reactions in the resonance region 
(C. Wagemarts*. H. Weigmann**) 

* NFWO FNRS. R.U.Gent and SCK CEN 

*• CBNM, Euratom Geel 

The "S(n.a)MSi and 4,Ca(n,a)"Ar reactions are of importance for astrophysical calculations. 

The study of the "Sin.a) reaction has been finalized and the results combined with total cross-seUion measurements performed 
at ORNL. yielding a complete set of resonance parameters. Thcje data are being interpreted. 

The study of the "Ca(n.a) reaction has been continued and extended up to 1 MeV neutron energy. About 40 resonances have 
been observed so far. These measurements will be continued. 

Thermal neutron induced (n,p) and (n.a) reactions 
(C. Wagemans*. P. Schillebeeckx*", A. Emsallem**, R. Brissof*) 

• NEWO FNRS. R U Gent and SCK CEN 

*• t'niversite do I.yon 

• " IIKW IISN. R.U.Gem and SCK CEN 

*• III. Grenoble 

The systematic study of the thermal neutron induced (n,p) and (n.a) reactions has been continued at the Grenoble High Flux 
Reactor 

Complete or partial results have been obtained for "Fe, "Ge, "Zr, "!Sn, '"Te and IMXe. In all these cases, cross-section 
values of typically a few microbarns have been observed. 

5.2.1.2. Fission 

5.2.1.2 I. Joint SCK/CEN-CBNM-RLO programme on fission physics and standards 

Fission cross-section of 2"U between 0.025 eV and 30 keV 
|G. Wagemans*, A. Deniytter**) 

• NFWO FNRS, R.li.Oent and SCK'CEN 

•* CBNM. Euratom Ciecl 

An interim report on the status of the secondary normalization integrals t ",'^,o^P.)dF. and IJfîïv ff(E)dE has been pre
sented at the IAEA Advisory Group Meeting on Nuclear Standard Reference Data (Geel, November 1984). 
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To verify the influence on these integrals of the neutron flux monitor and of the permanent neutron filter used, an additional 
measurement has been performed, which is being analysed. 

Fission cross-section measurements of "'U at low energies 
(C. Wagenaas*, A. Deniyrter**) 

• NFWO/FNRS. R.U.Gent and SCK/CEN 

•• CBNM, Euratom Geel 

More accurate cross-section data in the subthermal neutron energy region are requested for a more precise calculation of 
the temperature coefficient of thermal reactors (J. Bouchard et al Int. Conf. on Nucl. Data for Science and Techn.. Antwerpen 
1982, p. 21). After a series of perliminary experiments, the experimental set-up has been optimized for measurements down 
to 1 MeV. Final measurements have been started. 

Mass- and energy distribution of fission fragments in the 2"U(n,f ) resonances 
(G. Wegener-Penning*, C. Wagemans**) 

• . . CEN trainee 
•- NFWO/FNRS. R.U.Gent and SCK/CEN 

The study of the fission fragments mass- and energy characteristics in the resonance neutron induced fission of J"U has been 
finalized. In the neutron energy region below 100 eV, no unambiguous correlations between these chtrccteristics and the 
resonance spins have been observed. 

Fission fragments mass- and energy distributions for the Pu-isotopes 
(C. Wagemans*, P. Schillebeeckx**, A. Deruytter***) 

• NFWO/FNRS, R.U.Gent and SCK/CEN 
•• IIKW/IISN, R.U.Gent and SCK/CEN 
••• CBNM, Euratom Geel 

The systematic study of the fission fragments mass- and energy characteristics of the plutonium isotopes has been continued. 
The spontaneous fission of M'Pu has been measured relative to the thermal neutron induced fission of "*Pu (BRI reactor). 
For 23,Pu(s.f), a strong impact of the neutron shells N - 82 and N - 88 on the mass-distribution could be demonstrated. 

The same experimental set-up was also used for the study of the M2Pu(s.f.) characteristics relative to the thermal neutron 
induced fission of !MPu. The experiments wero completed and the analysis is under way. 

5.2.1.2.2. Joint SCK/CEN-RUG-ILL programme on fission physics 

Thermal neutron induced fission reactions 
(C. Wagemans*, P. Schillebeeckx**, P. d'Hondt, R. Brissot***, A. Enwallem") 

* NFWO/FNRS. R.U.Gent and SCK/CEN 
" IIKW/IISN. R U Gent and SCK/CEN 
• " ILL, Grenoble 
•* Université de Lyon 

The study of the energy distributions and the absolute emission probabilities of the changed light particles emitted during 
the ternary fission of the actinides has been continued. 

Results have been obtained for the alpha- and triton emission in the thermal neutron induced fission of 3"U, 2,*U, J"Pu and 
M'Pu, which are useful data for the calculation of the gas production in fission reictor fuels. The main characteristics of the 
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energy distributions uf these praticles and thrir absolute mission probabilities a/f and t/f are summarized if. Table 5.2.1.2.2. 
The overall characteristics of these energy distributions are very similar for all four nuclei considered. The absolute emission 
yie'ds are roughly proportional to Z2; 'A, as expected according to the liquid drop model. 

TABLE 5.2.1.2.2. 
Characteristics of the a-particles and tritons emilwd during ternary fission 

Reaction 

"'U+n,,, 
2"U+n,„ 
2WU+n„, 
;4,Pu+n,„ 

E„(MeV) 

15.8 + 0.1 
15.8 + 0.1 
15.9±0.1 
15.9+ 0.1 

FWHM(MeV) 

9.7 + 0.2 
9.5 ±0.2 

10.0 ±0.2 
9.8 ±0.2 

a/U* 10') 

2.17 ±0.07 
1.70 ±0.03 
2.22 ±0.07 
1.86 ±0.05 

E,(MeV) 

8.3 ±0.1 
8.3 + 0.1 
8.5 + 0.1 
8.4 ±0.1 

FWHM(MeV) 

7.1+0.2 
6.5 ±0.2 
7.2 ±0.2 
6.9 ±0.2 

t/fCio4; 

1.14±0.05 
1.08 + 0.04 
1.42 ±0.07 
1.41+0.06 

5.2.1.3. Nuclear spectroscopy 

The major part of the programme is being performed in the framework of the SCK/CEN-KUI. and SCK/CEN-ULB associations. 

Theoretical description of 'Gd and neighbouring nuclei 
(A. Spits*. P. Van Assche) 

* Guest scientist. The Netherlands 

A theoretical interpretation in the framework of the Nilsson particle-rotor model for l5)Gd has been completed. Compared 
to previously performed analyses a larger number (33) of interacting bands could be included in the analysis, due both to 
the improved experimental level jcheme and to the inclusion of a larger number of free parameters in the theoretical description. 
The predictions of'he Nilsson model regarding energies of single-particle levels close to the Fermi level with given deformatirr 
parameters could be well reproduced, both for N = 4,6 and N ^ 5 shells. Foi levels further away from the Fermi level a 
compression effect was observed. This behaviour was studied extensively for five other neighbouring nuclei. In all cases 
studied, an improved agreement between theoretical and experimental single-particle levels was observed. 

Neutron capture gamma diffraction spectroscopy 
(E. Kaerts* and P. Van Assche) 

* I1KW bursar. K.Uleuven 

The reaction IMDy(n,y)'6'Dy was analysed. Because of the high resolution (AE = 2.9 x 10*E2/n) (n - order of the reflection; 
FWHM = 2")and the favourable crystal reflectivity, some complex multiplets could be reso'-ed and a number of weak gamma 
transitions detected. Some discrepancies in the level scheme of "5Dy could be removed. To study the nature of the highed 
excited states (E ) 600 keV) in l65Dy, a measurement of the reaction :HDy(n,Y)"'Dy in a flux of 5xl0"n/cm2.s is planned. 

Crystal reflectivity for gamma rays 
(E. Kaerts*, P. Van Assche) 

* IIKW/IISN bursrr, K.U.Leuven 

Special attention was given to the reflectivity behaviour of our Si(220) crystal. The inflection observed around 360 keV and 
the E ' energy dependence of the first order integral reflectivity can be explained if one assumes a constant limiting experimental 
crystal width A, which at the inflection point becomes equal to natural line width. At larger energies the natural line width 
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is getting smaller, only pa: i of '.he intensity, ay'AcWill be diffracted. Because in a perfect Ciystal, the energy E and the natural 
line width o arc related by E.to - d(£).45.8/, this decrease shows an E' energy dependence. Because the factor d(J) takes 
the value 0.813 in first- and 0.259 in second diffraction order, the ratio of the inflection points in the first and second order 
reflectivity curve should equal 3.1. Experimentally we found a value of 1.9 ± 0.2. 

Neutron capture gamma-rays with Ge(Li) detectors 
U.C. Dehacs*, P. Fetl veis) 

* ULB. Brussels 

The new source holder consisting of metallic Li enriched in 6Li and contained between two concentric tubes of vitrified 
graphite (internal tube) and aluminium (external tube), has been installed at the Rl thermal beam of BR2, and yielded the 
expected background reduction in the low energy (( 2.2 MeV) region of the spectrum. 

The reaction "As(n,y )'"As is under study. Direct low and high energy y-spectra have been taken as well as low energy - low 
energy and low energy - high e.-ergy coincident spectra. Their analysis is in progress. 

Non-destructive measurement of isotopic composition of Pu by high resolution gamma ray spectroscopy 
|P. Fettweis) 

This work is performed partially under contract with CBNM. 

The code "PLUTO" has been further developed, especial;./ in order to get a deeper insight in the importance ot individup' 
gamma ray branching and intensity ratios. Fpectra taken at CBNM with the help of standard samples containing 60. 70 -iid 
80 % of "*Pu, respectively, are being analysed. 

Identification of y-rays in the B*/EC decay of """"Sn 
IK. DeneftV, E. Coenen*. M. Huyse*, P. Van Duffen», J. Vanhorenbeeck**, P del Marmol. P. Fettweis) 

• K.U.Leuven 
*• FNRS/NFWO. U.L.B.. Brussels 

The isotope IMSn was produced in the bombardmert of a "Mo target by a 210 MeV MV^ beam in the CYCLONE cyclotron 
of Louvain-la-Neuve operating with the ECREVIS ion source. By means of the LlSOL mass separator, nuclides of mass 104 
were Cv. Heeled on a moving tape system ~nd studied by X and y-rays singles as well as by X-y and y-y coincidences. 

Several y-rays with the same half-life as in X-rays (Ti/2 =23 + 2 sec) can be attributed unambiguously to the decay of IMSn. 
In addition a few y-transitions in coincidence with the X-rays of Cd decay with a half-life of £6 ± 6 sec, which differs from 
the one known for the ground state of ""In (109 ± 3 sec); they could be attributed to the decay of an isomer of ""In. 

l0,Sn was formed and studied under the same experimental conditions. The h; -life measured (27 ± 3 sec) is in good 
agreement with the one observed in delayed proton decay experiments. A decay scheme is proposed on the basis of coincidence 
measurements. These results are in print. 

5.2.1.4. Theoretical physics 

Elimination of the centre-of-mass motion 
iM.C. Bouten, M. Bouten*, T. Cornelissens*) 

* LUC, Diepenbeek 

The elimination of the centre-of-mass motion from n'.clear wave functions has been a problem for many years. In the previous 
annual report, we described a new approach to this problem. The many-particle wave function is multiplied by a factor of 
the form e*" where R is the centre-of-mass co-ordinate. Integration over this co-ordinate is then performed. The method 
has been applied to the ground state of 'Li. The energy of the ground state was calculated as a function of the parameter 
k. The results show a strong dependence on X and display a sharp minimum for a negative value of >.. A physical explanation 
of this surprising result can be given in connection with the cluster model. The value of the energy at th" tii îimum is 1.2 
MeV lowei than the value obtained for X - 0 (the Peierls-Yoccoz proposal) and 3.0 MeV lower than the value for I • -,. 
(the Gartenhaus-Schwartz proposal). 
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The Peierls-Thouless method is related to the method described above by a Fourier transform. Although boiii methods widely 
overlap, the energetically most interesting region {k negative) is not allowed in the Peierls-Thouless method as the corresponding 
Fourier transform does not exist. 

Similarly, the average of the Hamiltonian over a statistical set of internal states was also calculated for different values of k 
(for k = 0. this is the method suggested by Gartenhaus and Schwartz in order to calculate matrix elements). We have shown 
that for all values of k, the set approach is energetically less favourable. 

These different results were collected and sent for publication to "Journal of Physics". Similar calculations are now being 
done for TLi. N A calculator xchniques have, however, to be developed. 

The interacting Boson approximation 
(M.C. Bouten) 

A programme .or the calculation of the energies and electromagnetic transition probabilities of nuclei in the framework of 
IBA 2 (neutrons and protons treated separately) was kindly provided by Prof. Heyde from the R.L.Gent. The programme 
has been adapted from VAX to IBM. 

5.2.2. NEUTRON INELASTIC SCATTERING BY CONDENSED MATTER 

This programme is performed in the framework of the SCK/CEN Associations with UIA and KUL. 

MIBEMOL : The Belgian time-of-flight spectrometer at the ORPHEE reactor in Saday 
(G. Coddens*, P. D'Hooghe, S. Hautecler, E. Legrand, G. Rooms*, L. Vansteelandt, W. Wegener) 

• IIKW ll.SN. Brussels 

The spectrometer has been put into operation in January 1984. An extensive series of tests have shown that th.' whole system 
behaves satisfactorily. Monochromatic bursts are produced by the six-chopper monochromator without any higher-order 
component. The chopper phase stability is very high (less than 0.03° of axe). The FWHM of the elastic peaks in time-of-
flight spectra obtained using the physical parameters of the machine. The background has been reduced to a negligible level. 
An experimental determination of the spectral distribution > h* neutron guide reveals that measurements can be performed 
between 2 and 12 À. 

Serious difficulties were era juntered at ciiopper speeds above 7500 rpm. During a four month stop of the ORPHEE reactor, 
the choppers have been returned to Mol and dismantled. It has been found that the origin of the trouble» lies in the utilization 
of uncorrect ball bearings. Besides corrections for this, the whole chopper system has been improved (adding filters and 
shock wave detectors) and rebuilt. 

The software package has been extended, especially for the data handling. 

Measurements with the MIBEMOL spectrometer 
(W. Wegener, S. Hautecler, E. Legrand, G. Codoens*) 

• IIKW IISN. Brussels 

The following preliminary measurements have been carried out, mainly to check the overall performance of the insti. ent 
for investigating different types of systems : 

- reorientations of NH, groups in Hofmann clathrates; a clearly visible quasi-elastic component that the expected motion is 
present; 
- translational diffusion of hydrogen in copper hydride CuH; 
a first analysis of the observed quasi-elastic component revealed a liquid-like Q dependence of the line width; 
- paramagnetic scattering in KO,; the data have not yet been analysed; 
- structural change in thiourea CS(NHJ2 induced by X-ray irradiation (in collaboration with M. Lambert and G. Andre, 
I.LB Saclay); noticeable changes are found in the phonon frequency distribution. 
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Study ot structui'.s arising in coiioidai dispersions 
(J. Heken*. J. Texeira**) 

• K.U.Leuven 
~ LLB, Grenoble 

Preliminary small angle scattering measurements have been performed on a carbon black dispersion in mineral oil. The 
analysis is under progress. 

Reorientations in alkali metal amides 
(L. Ttdemans*, S. Hautecler, E. Legrand, W. Wegener, H. Jacobs**) 

• NF*fO bursar, K.U.Leuven 
*• Liniversitat Donmjnd 

The study of KNH2 has been complete by quasi-elastic measurements on the MIBEMOL spectror.eter. For each of the 
crystalline phases, at least three sample temperatures were chosen. The Q dependence of the EISF revealed a consistent 
picture of the NH2 reorientations (cubic phase : 90° jumps around tetrads; tetragonal : 90° jumps around tetragonal axis; 
monoclinic : 180° .round dyad). From line-shape fits also mean residence times and activation energies could be derived. 

Similar measurements have been carried out with CsNH, but a check of the sample, performed later bv X-ray diffraction, 
showed that the sample had been degraded by chemical reactions. The neutron results could not be used. 

5.23. OTHER PROGRAMMES 

5.2.3.1. Radionuclide metrology 

Scattering corrections in 2 mi counting 
(C. Ballaux) 

A paper has been submitted for publication in the Int. J. Appl. Radial. Isot., with the following abstract : "A review is given 
of the calculations of scattering corrections in 2 Jta counting. The experimental correction factors appear to be in reasonable 
agreement with the classical, multiple-scattering theory of Williams". 

International collaboration 
(C. Ballaux) 

NBS 

In the framework of an Exchange Visitor Programme, the following actions were performed for the Radioactivity Group of 
the National Bureau of Standards (Gaithersburg, Maryland, USA). 
- Comparison of the NBS and SCK/CEN computer codes for the calculation of p-ray spectra, in order to evaluate the 
efficiencies of low-energy, pure B-ray emitters by means of liquid-scintillation counting. The SCK/'CEN programme gives 
somewhat better results for higher-Z nuclides than the NBS programme, and vice versa for lower-Z nuclides. 
- Standardization of a solution of '"Ba by the 4 n y Nal(Tl) method. Our result was 0.2 °„ lower than the unweighted mean 
of the BIPM comparison. The results will be communicated to BIPM by NBS. 
- Preliminary 4 n y measurements in a Nal(Tl) pin-well detector, in view of the forthcoming main intercomparison of ""Cd. 
The photo-electron escape probability has been calculated more accurately and bremsstrahlung corrections have been evaluated. 
A report is in preparation. The collaboration on this item will probably be continued. 

ICRM action 16/83 : GAM 83 

Three SCK/CEN laboratories participated in this international intercomparison of laboratory perfomances in determining 
peak efficiencies and activities by means of gamma-spectrometric procedures and calibrated radionuclides sources. The results 
have been evaluated. 
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[•reparation of standards 
(P. Willeborts) 

148 radioactive sources or solutions have been calibrated by absolute measurement techniques of the following radionuclides : 
"Na. "Mn. "Co. "Co. ' " I . ' ' T s . '"Ba. "=Eu. '"Au. =°TI. 2,0Pb, 2"Pu. :"Am. 

These sources have been prepared on request from SCK CEN laboratories and from external institutes and including nuclear 
power plants. 

5.2.^.2. Dating with natural isotopes 

5.2.3.2.1. Underground water 
IP. del Marmot. G. Koch, F. Verhoeven) 

Underground water sampling, "C and isotopic ratio measurements are being continued in various locations of the Kempen 
region. 

With regard to the Rupelian layer (Berg sands) just below the Boom clay, one notices that so far, the UC activities compared 
to classical hydrogeological methods (piezometric measurements) cannot be explained without taking into account a contribution 
through seepage from one or more other aquifers. 

A positive "C measurement in the interstitial water of the Boom clay confims this view. 

This work will be continued to collect additional data needed to reach any quantitative conclusion. 

5.2.3.2.2. Geological samples 
(M. Gewelt*. G. Koch) 

* Aspirant NFWO FNRS. l/niversité de Liège 

During 1984, 14C dating and uranium series dating have been carried out, mainly on calcium carbonate cave deposits 
(spcleotherms). 

- "C 

A new method for the estimation of the correction to be applied to coru^ntional (apparent) "C ages was developed. In this 
respect "C dates and palynological ages - as dcterminined by Dr B. BASTiN (U.C.L) - were compared in stalagmites and 
flow stones. In general, and for Holocene samples, the best fit between UC and palynology was obtained when using a bedrock 
dilution factor q = 0.85 for l4C ages correction. This represents the use of an initial l4C activity (A„ x q) of 85 "„. 

Radiocarbon analyses were also carried out on various samples, like shell, beach-rock and peat from Quebec, Italy and 
France. 

- " T h 2"U 

Uranium content in speleothems from belgian caves is generally low (0.02 to 0.8 ppm) and, in order to determine the optimal 
quantity of sample necessary for U-series dating, a measurement of U content is done by fluorimetry on a few mg of sample. 

The influence of the concentration of Ca(NO,)i in the liquid-liquid extraction step was studied. A 4 M concentration in Ca++ 
leads to a high yield of Th and a lower yield for U, whereas at a concentration 2 M in Ca++ the reverse occurs. 

Some improvements have been made to the low-level a-spectrometry installation. The multichannel analyser (Canberra S 35) 
was connected to an IBM PC. Data are stored on floppy disk and software applications (in Basic) were developed for data 
transfer and age calculations. 

When dctrital components are present in calcium carbonate (showing a iow 2WTh/2,2Th ratio), we have carried out separate 
U and Th analyses on the nitric acid insoluble residue. This procedure (determination of 2 , Th, 2,2Th, 2MU and ""U activities 
in the residue) allows to correct the " T h , 2,4U and 2,"U activities measured in the solution. Ages corrected in such way are 
generally smaller than uncorrected ones. 

Preliminary results of "C and "Th/ I MU measurements have been published. 
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5.2.3.3. Laser isotope scparatm 

Photochemistry of C'HF, 
(M. Nè*e de Méiergaies) 

Infrared multiphoton dissuciation (MPD) of the tritiated fluoroform molecule CTF, is known to be a possible method of 
tritium isotope separation. 

A fairlv detailed study of the MPD of CHF, was undertaken, so as to improve the understanding of the analogous MPD of 
CTC, " 

The an?'ysis of the results was completed and presented at the International Conference of Infrared Physics, Zurich, 24-27 
July 1984. It will be published with the following abstract : T h e multiphoton dissociation of fluoroforni CHF, under CO, 
laser pulses at 1085.8 cm' has been studied as function of laser intensity, gas pressure and temperature, and with the addition 
of .Ar or O.. as buffer or scavenger, respectively. The associated "C - ,2C isotopic effects found in the reaction products and 
in the residual CHF, give information on the various reaction steps. After correction for the geometrical effects, an Arrhenius-
type relation is found between reaction probabilities and laser fluence. The average excitation yielding CjF4 and COF2 are 
deduced. As for the effet of temperature on the isotopic selectivity and on the yield of the multiphoton dissociation, it is 
explained satisfactorily by the change in the rotational population of the ground vibration levels of the two isctopic molecules". 

Multiphoton dissociation of "CF,C1 
|M. New «I* \1é»ergnits) 

The effect of gas pressure and laser pulse energy on the isotopica ly selective MPD of "CF,Cl has been measured at 1071.9 
em '. The results at high gas pressure (i.e. between 10 and 60 Ton) ara similar to those obtained with CHF, under 15 Ton-
pressure, i.e. a steep decrease of the isotopic selectivity of the MPD with laser energy. At low gas pressure (i.e. below 5 
Torr). however, the reverse is observed. An interpretation in terms of an effect of the vibrational excitation levsl of the target 
molecule and of the dissociation fragments on possible reaction steps is being tried, the most probable reaction steps varying 
themselves with gas pressure. 

Hydrogen sulfide 
IVI. Nève de \1é*erjçnies, P. del Marmol) 

Selective infrared photodissociation of the tritiated hydrogen sulfide molecule HTS might be another way of tritium separation. 

Preliminary work was performed, so as to obtain H2S of adequate chemical purity, especially with regard to contamination 
by HCI 

5.3. RADIOBIOLOGY 
(J.R. Ylaisini 

The radiobiology programme comprises the following major projects : 
- somatic effects of ionizing radiation; 
- genetic effects of ionizing radiation and chemical mutagens; 
- metabolism and biological effects of radionuclides in mammals; 
- effects of radioactive and non-radioactive pollutants on ecosystems and associated toxicologic studies; 
- behaviour and expression of exogenous DNA in living organisms; 
- studies on the toxicity of chemical products. 

As part of these major projects, special attention has been paid to: the pathogenesis of radioinduced leukemias and 
osteosarcomas, the pathogenesis of non-neoplastic late effects m irradiated lung and brain; the relative biological effectiveness 
of 50 MeV neutrons and gamma rays for induction of leukemia and cancer in mice; factors determining the relative 
radiosensitivity of chromosomes in different mammalian species; the toxicity of radium-226 incorporated in the bones of mice; 
the behaviour of tritium in an agriculture environment; the biological availability of americium-241 by a freshwater invertebrate; 
the transfer of technetium in the animal food chain; the radiobiological surveillance around nuclear power station sites; the 
toxicity of cadmium, selenium, lead and zinc; the toxicity of some chemical mutagens; the study of integration, replication 
and biological expression of foreign DNA administered to different organisms. 
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Since 19X1 the Radiobiologv Department has put at the disposal of industry its scientific and technical knowledge and 
equipment in order to realize acute and chronic toxicological studies on the possible genetic and somatic effects of chemical 
and pharmaceutical products. These studies should in principle, provide an answer to a real need of the Belgian chemical 
industry. Indeed, common legislation is now in application in the countries of the European Community, which obliges t i e 
chemical industry to carry out toxicological tests on every new product. 

In order to carry out this programme, the Radiobiology Department receives financial support, mainiy from the Ministry .if 
Economic Affairs. In addition, the Department receives some financial help f om the Ministry of Public Health and from 
some national and international organizations, such as the National Foundation for Scientific Medical Research (FRSM). 
EURATOM, the Fonds National de la Recherche Scientifique (FNRS). the CF.C. the European Late Effects Project Group 
(EL'LEP), the Caisse Gér.?rale d'Epargne et de Retraite Algemene Spaar- en Lijfrentekas (CGER ASLK) and the Deutsche 
Schutzkommission. The programme is being carried out in close collaboration with Belgian ind foreign laboratories. 

5.3.1. SHORT-TERM EFFECTS OF IONIZING RADIATION 

Investigations or; short-term effects of ionizing radiations contribute to a better understanding of their interaction with living 
matter and are necessary for assessment of radiation risk, not only for humans but also for plant and animal life. 

5.3.1.1. Research on the marine algae Acetabularia, Batophora and Boergesenia 
IS. Bono!to. R. Kirchmann, G.B. Gerber*. B. Galoutzo«**, R. Honghe. M. Pâques***, G. Arapis4*. D. floursiangou-Neubniir'*. 
J. Meller*. S. Poiseux-Dao4*. E. Dujardin *, f. Stromal' *. P. Belcan *. S. De Ranieri"*, F. Cinelli"*, A. Mazza*. A. Sanlulli"*! 

* CF.C 

•* IAEA bursar (University of Sofia, Bulgaria) 

••* Station des Cultures Fruitières et Maraîchères, (iemnloux 

**" Université de Paris VI[ 

'• Université de Liège 

** University of Pisa. Italy 

'* International Institute of Genetics and Biophysics. Naples. Italy 

"• University of Trapani. 'laly 

Several national and international laboratories participate in the pluridisciplinary research on the giant marine algae A.etahularia 
acetabulum (mediterranean Batophora oerstedii and Boergesenia forbesii. Investigations were done on their biology, radiobiology 
and ecology. The comparison of the life cycle of Acetabularia grown under artificial or under natural conditions has revealed 
that this unicellular alga may behave as a pluriannual plant. Work on cell differentiation of normal and X-irradiated cells 
was continued. The rôle of glycoproteins in cell morphogenesis was investigated with biological (merotomy experiments) and 
biochemical (labeling experiments with or without inhibitors) techniques. The utilization of fluorescence emission spectra 
analysis at 77 K has permitted to reveal important caractérisées of the chloroplasts. The genome (DNA) of these cell organelles 
was examined by electron microscopy. An international symposium was organized on Acetabularia at ihe University of Pisa, 
October 1-3. 1984, with the collaboration of the Department of Radiobiology. 

5J.2. LONG-TERM EFFECTS OF IONIZING RADIATION 

Late somatic effects of ionizing radiation can be subdivided in two categories : the non-stochastic and the stochastic effects. 
Non-stochastic effects develop above a certain threshold, usually occurring after doses of the order of several Civ. but may 
arise after much lower doses in developing organisms. For stochastic effects, the probability of an effect occurring rather 
than its severity is regarded as a func >n of dose without threshold. Some somatic effects are stochastic; of these, carcinogenesis 
is considered to be the main somatic risk of irradiation at low doses and therefore the main concern in radiation protection. 
Among the non-stochastic effects, the Radiobiology Department is studying : 
- the effects of whole-body irradiation on the developing organism; 
- the effects of partial body irradiation on the brain and the lung of adult mice and rats. 

As to stochastic effects, whole body irradiation of mice leads to the appearance of Iciikcmias. while internal irradiation b\ 
bone-sccking radionuclides provokes the development of bone tumors. Since radiation leukemia virus (Radl.V) is supposed 
to activate a leukemogenic process, similar to that activated by radiation, we investigated the detailed structure and properties 
of its genome in order to disclose its mechanism of action. Osteosarcoma-inducing viruses act in a different way. by transducing 
a cellular oncogen that we characterized and of which we investigated the encoded RNA product. 

5-14 



5.3.2.1. NtMt-üechastic effects 

5.3.2.1.1. Effects of whol: body irradiation of the developing organism on the hematopoetic system and on life span and 
disease incidence 
(C.B. Gerfcer*. L. it Sûrt-Gcorgcs. R. T i w i m u r " , J. Derm» 

• CEC 
** Deutsche Schutzkumimssion 

EURATOM Contract nr BIO-D-378-81 B 

Hemopoietic stem cells in new-born mice are more sensitive to a fractionated irradiation than to a single one. The project 
aims to elucidate the mechanisms of this effect by studying the effects of radiation on the immature hemopoietic system. 
During the past year, the radiosensitivity of different hemopoietic stem cells cultured in vitro were determined. Thus, it was 
found that these cells are more radioresistant than the more immature stem ceils determined by the in vivo CFU-s assay. 
However, in contrast to the CFU-s cells, the radiosensitivity of the cultured CFU-c cells does not change with age and is 
not affected by a previous irradiation. Earlier, we had observed that in CS7 Bl mice not only early but also intermediate 
effects are more severe after fractionated irradiation than after single irradiation: we have now studied this also in BALB c 
mice. The results are still being evaluated. Methods were also developed to assess the functional state of the emopoictic 
system of adi'lt mice irradiated during the new-born period, and the appropriate groups of mice were irradiated. Tie results 
will also be available in the coming year. 

5.3.2.1.2. Morphological, biochemical and physiological late effects of irradiation in the developing rat brain 
iG.B. G' h*r*, H. Reyaers, E. Giaufdici de Reyaers, J. Dcroo. L. Regwers) 

• c ix 

EURATOM Contract nr BIO-D-378-8I-B 

a) Morphological studies 

VVistar female rats born in SPF conditions were whole body irradiated with 0.09 or 0.18 Gy at 15 days post-conception using 
the same experimental conditions than in previous experiments of this kind. However, the litter size which widely varies from 
one rat to another at delivery was now artificially set at 8 pups mother. This modification allowed us to explain why in 
previous experiences. 0.09 Gy offspring was found more severely modified than 0.18 Gy animals : the effect of the food 
deprivation which occurs before weaning in large size litters (these are more frequent in 0.09 Gy than in 0.18 Gy treatment) 
can blur (or adds to) the relatively slight effect of the lower dose X-rays. The body weight of the culled offspring, now 
followed during one year, does not reveal any change in 0.09 Gy rats but a small (- 5 °„) and significant reduction in 0.18 
Gy animals. New experiences of irradiation using low energy neutrons are in preparation. They will be performed at the Van 
de Graaf accelerator facilities of the CBNM at Geel. 

b) Biochemical studies 

Exposure in utero to small doses of radiation can impair brain development. Our investigations aim to de.elop a suitable 
experimental model to define the consequences of prenatal expos..' • to the nervous function, in particular to biogenic amines 
and their receptors. During the past year, biogenic amines and certain amino acids (dopamin. dopa, epinephrine, norepinephrine, 
serotonin, hydroxyindolacetate. aspartate, glutamate, gamma aminobutyrate. taurine) were determined in different brain 
structures (cortex, hypocampus. thalamus, striatum, hypothalamus, cerebellum, medulla) in animals of 1 and 6 months, 
irradiated in utero at day 10, 12 or 15 of pregnancy. Changes were observed in particular in concentrations of noradrenalin 
and serotonin in cortex, hippocampus, thalamus and striatum. Serotomn-2 receptors studied in rats of different age were 
found to increase in the cortex until adulthood and then to decline slightly with age. After prenatal irradiation with 0.9 Gy 
at day 15. serotonin receptors in cortex were reduced significantly at an age of 18 and 90 days. Since these biogenic amines 
and their receptors regulate nervous activity, such changes could reflect the mental retardation observed in the atomic bomb 
survivors after prenatal exposure. 

5.3.2.1.3. Ultrastructural changes in the irradiated central nervous system of the adult rat 
(H. Reyners, F.. Gianfelici de Reyners*, J.R. Maistn.) 

• Trainee 

EURATOM Contract nr BIO-D-.V8-85 B 

Beta astrocytes are the most susc:ptible cells in the cerebral cortex to the direct effects of X-irradiation. The mechanisms 
of such phenomenon have been clarified using dose fractionation. 
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Contrary to our expectations, the destruction of the beta astrocytes was fovnd complete (in 4 imi-tmj tat>; if 20 Gy un
delivered to 3 mo-old animals in t»vo exposures (either equal or unequal fractions) realized with a I week interval. Additional 
experiments using lower fractionated doses confirmed that a sharp increase in efficiency could be achieved. Indeed, in groups 
of animals treated (2 exposures; 1 week interval) with doses of 3.6 Gy. 7.2 Gy or 14.4 Gy (total dose), the elimination of 
beta astrocytes was complete in the last group, very pronounced in the 7.2 Gy but scarce at the lowest dose. A parallel and 
significant reduction of the macrophage cell fraction was also noted. 

5.3.2.1.4. Mechanisms of radiation induced fibrosis in lung 
(L. ét Saiat-fcorgcs. J.R. Mai») 

EURATOM Contract nr BIO-D-378-81 B 

The changes in the ultrastructure of the lung parenchyma are followed on semi thin and ultra thin sections from randomly 
distributed samples. Groups of 5 adequately shielded mice were X-irradialed (0.86 Gy min) at different doses 110. 20. 50 Gy) 
only on the right lung and then sacrificed at different times: 2. 3. 6. 9 months and thereafter every three months. Non-
irradiated mice were kept in the same room as the control mice. Lungs were fixed by cardiac perfusion at a constant pressure 
of 200 mm H..0 (0.75 ml min.). Two random samples from both the right and left lung were prepared and 5 random electron 
micrographs (Jeol 1200 Ex) per sample were examined by a point counting method using lattices of points engraved in a 
sheet of plexiglas applied to the photograph. 

The total air blood barrier mean thickness (Tt). the air blood barrier thickness related only to capillary surface (Tc) and the 
capillary to aiveolai surface ratio (S,hSf were calculated The air blood barrier thickness (T.and T.. is graduaf'y increasing 
with time and dose after irradiation. It becomes thicker by development of epithelial cells (type II) and by oedemisation of 
the basement membrane. The S,hSffactor is decreasing by a reduction of both capillary and alveolar surfaces but more 
markedly for rhe capillaries which art reduced in number and are narrower. Quantitative ai alyses for cell type occurrence 
and long-term effect (up to 24 months, after irra '.iation) are still in pn>gress. 

5.3.2.2. Stochastic effects of kmizmg radiation 

5.3.2.2.1. Influence o' dose rate and fractionation on life shortening and causes of death of mice irradiated with 5i> MeV 
neutrons and gamr- r.-.> s 
(J.R. Maisia. VI. I ibtrt-CoHier. C. Mattetin. A. Wambersic*. J. (.urultttr'i 

• rci. 

EURATOM Contract nr BIO-D-378-81 B 

The relative biological effectiveness (RBE) of 50 MeV cyclotron (l.ouvain-l.a-Neuvc) produced neutrons (0.02 to 3 Gy) 
compared to ""Co gamma ra;.s (0.25 to 6 Gy) was determined with respect to life shortening and causes of death after whole-
body single and repeated exposure (!0 daily fractions or 8 fractions gi en at 3 hours interval). 

12 weeks old male mice of the C57B1. and BAI.B c strains were used to investigate the influence of di'fcrcnces in spontaneous 
incidence of leukemia and cancer. 

10.863 control and irradiated mice were used in this experiment of which 363 irradiated and control mice are still alive. 

The effects of a fractionated gamma and neutron irradiation on life shortening and disease incidence in BAI.B c mice 

- Single and fractionated low LET irradiation 

Following single and fractionated LET irradiation, the following is noted. 
1. Life shortening follows a linear dose dependence and is about the same after fractionated or single gamma rays exposure. 
2. After a single exposure, malignant tumors contribute to the shortened survival in the low dose range, and thymic lymphoma 
and non-stochastic lung and kidney lesions arc predominant after higher doses. 
3. The total incidence of malignant tumors tends to increase at high doses after fractionated exposure and to decrease after 
a single one. mainly as a result of a greater incidence of non-thymic. myeloid leukemia, all carcinomas and sarcomas. However. 
this is essentially due to a greater number of animals carrying several tumors and less to a greater number of animals carrying 
any tumor at all. 
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- Single neutron exposure 

After single d(50)-Be neutron exposure the following was noted. 
1. The survival time is a linear function of the dose effect for d(50)-Bc neutrons . .id does not differ significantly from that 
of gamma irradiation. 
2. The disease spectrum is also similar after neutron exposure except for a slightly enhanced de^th rate from carcinomas, 
sarcomas, benign tumors and from myeloid leukemias and an occurrence at lower doses of non-*:ochastic lung and kidney 
diseases compared to gamma rays. The RBE of d(50)-Be neutrons compared to gamma rays for survival of BAl.B c mice is 
about I. 

Life shortening and disease incidence in C57BL mice following a single and fractionated gamma and d(50r-Be neutron exposure 

- Single and fractionated low LET irradiation 

Preliminary results obtained in C57BL mice indicate that after single and fractionated low LET irradiation, the relation 
between dose and survival time for X-irradiation seems to be sigmoid compared to the linear relationship in BAI.B c mi.e. 
No uniform value for life shortening can therefore be given and comparison of different radiation moues is difficult. Following 
a single exposure, thymic lymphoma and non-stochastic lung and kidney lesions contribute to death after doses iif about 4 
to 6 Gy. 

In agreement with the observation in BALB c mice, our preliminary results not taking into account the competing risk, show 
that the total incidence of malignant tumors tends to be higher after fractionated gamma «-\posure than after a single exposure, 
mainly as a result of a greater incidence of thymic lymphoma, non-thymic lymphoma and all carcinomas and sarcoma - The 
analysis of the results is still in progress. 

- Single and fractionated high LET irradiation 

Single neutron irradiation results in apparently a linear life shortening in C57BL mice. The reduction in survival is mainly a 
result of an earlier occurrence of non-stochastic lung and possible kidney lesions and liver tumors after 1.65 Gy and in 
addition, of thymoma after 3 Gy. After fractionated or single neutron exposure, the total incidence of malignant tumors is 
about the same. 

5.3.2.2.2. Radiation induced tumorigenesis and related viruses and oncogenes 
iM. JaaovsJti, R. Hoogbe. J. \femgaert L. MichMs*. E. V u in Raawdacrt*. F. Vaader Ptaefee. J.R. Maisia) 

• tVx-toral trainee 

EURATOM Contracts BIO-D-379-81-B and BIO-D-492-B (RS) 
FRSM Contract 3.4549.84 
ASLK CGF.R Contract 

I RADIATION AND RADIATION LEUKEMIA VIRUS (RadLV'HNDUCED C57BL Ka THYMIC LYMPHOMAS 

1. Retroviral information in radiation-induced tumors. 

In contrast with RadLV-induced tumors, radiogenic lymphomas have not acquired novel proviral sequences in their DNA. 
Nevertheless, non virus producing radiogenic tumor cells synthesize an env-gene related viral RNA. shorter than the normal 
viral env messenger RNA. Wc conclude that neither the appearance of a recombinant Rad IV provirus, nor a fully expressed 
retroviral genome arc required for the leukcmogcnic process, in which env-rclatcd sequences may however be supposed to 
play a role. 

2. Proviral integration sites in RadLV-induced tumor cell DNA 

RadLV-iiiduced thymic lymphomas from different animals do not share a common integration site. However, all the tumors 
grown in vitro yield cell lines containing a novel provirus at a unique DNA site. Thus. RadLV-induccd tumors contain a 
minor cell population which overgrows the buik of the tumor cells in vitro, very probably due to the activation of a cellular 
gene as a result of adjacent provirus insert-oii. Whether this gene represents an oncogene or a gene involved in mitotic 
functions is not yet known. 

3. Molecular cloning f the Radl.V proviral genome 

The RadLV-proviral genome was cloned as a biologically active insert in a bacterial plasmid. Compared to that of the non-
thymotropic. non-lcukcmogcnic BLKa(B) genome, its restriction map indicated three genomic regions as potential candidates 
for determining !hr thymolropicity and leukemogenicity of the virus : the gag-pol gene junction, part of the env gene and the 
long terminal repeat (LTR). 
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4. Nucleotide sequence of the RaôLV env-gcnc ami LTR 

The nucleotide sequence of the env gene and the deduced ammo-acid sequence arc very similar to those of the non-thymotropie. 
non-kukemogcnic Akv MuLV Limited divergences might. however, account for the unique serotype of the RadLV envelope 
glycoprotein. The LTR sequence possesses a direct repeat which is similar to the enhancer elements known to confer 
thymotropicity and leukemogcnicity to some chronic leukemia viruses. Together with the proviral integration pattern, this 
suggests that RadLV might induce leukemogencsis oy enhancing an oncogene by neighbouring - and not adjacent - provirus 
insertion. If this mechanism is confirmed, isolating the oncogene and testing its rôle in radiogenic leukemogenesis will be a 
relatively easy task 

5. Immunology and ceil biology 

Radiation leukemia results from the malignant transformation of a cell type that has not been clearly identified. We have 
treated mice *ilh the immunosuppressive agent Cyclosporin A during and after the leukemogcnic irradiation. The treatment 
had no effect on the incidence or the latency of tumours. The gross pathology and microscopic appearance were unaffected 
too. Further phenotypic characterization is in progress. It is concluded that the tumour development does not require the 
helper factor- produced by Cyclosporin A - sensitive cells. 

The leukemic cells have been further characterized. We focussed on carbohydrate metabolism. Cell surface gKcoconjugacs 
were detected with fluorescent lectins. Glycopeptides. labelled with radiactive precursors, were separated by column 
chromatography. The same techniques were used to monitor the effect of inhibitors of protein glycosyiation. 

The biological role of carbohydrates was assessed in new systems, namely the interaction between tumour cells and liver 
cells and the in vitro invasion assay, in which tumour cells are confronted with a normal lissue. In the latter system, inhibitors 
of protein glycosyiation clearly interfered with tlie invasion process, thus identifying a new class of antiinvasive agents. 

II. IN VIVO RADIATION ACTIVATION OF CELLULAR ONCOGENES 

1. Molecular biology of the FBR osteosarcoma virus complex 

Initially isolated from a "Sr-induccd X Gf mouse bone tumour. FBR induces osteosarcomas in newborn mice and transforms 
fibroblasts in vitro. We have shown that its transforming capacity resides in a virus-transduced oncogene homologous to v-
fov We cloned from FBR-MuSV non-productively transformed rat cells a DNA fragment encompassing this oncogene, first 
into :< bacteriophage and thereafter into a bacterial plasmid. Determination of its nucleotide sequence is in progress. 

The v-onc sequences are pan of a 2.2 kb length subgenomic inRNA. 

2. Ecolropic retroviruses and their proviruses in ""Sr-induccd CFl osteosarcomas 

Retroviruses isolated from "Sr osteosarcomas of CFl mice are devoid of sarcomagenicity but are able to induce lymphomas 
in newborn mice. Multiple additional proviruses were found in the DNA of the primary' tumours and derived cell lines. 
Common integration sites were not detected. Preliminary experiments did not reveal elevated expression of 4 tested oncogenes 
(v-bas. \-fos. v-mos. v-abl) in cell lines derived from radiogenic tumours, although 3 out of 16 tumors revealed the expression 
of a ravreiated oncogene. A protein of about 25 kdalt was immunoprccipitated with anti-ras scrum from 2 osteosarcoma 
ceil lines. 

5.3.2.2.3. Leukcmogenicity evaluation of retroviruses from bone marrow megakaryocytes of leukemic mice 
IL. de Sato-Georges. I.. Baagort-MaMca. J.R. Mania) 

FRSM Contract nr 3.4540.80 

During the past year, megakaryocytes (MKC). as well as the lymphoid cells were recognized as targets for retrovirus and 
namely for Rauscher Leukemia Virus (RI.V). 
Nevertheless MKC arc not involved in neoplastic transformation. Thus we aim to elucidate which role MKC plays in 
leukemogenesis. We showed that there is a relationship between the number of mature MKC in the bone marrow of Rl.V-
infected mice and the weight of the spleen at the sublethal stage of the disease. We now compare the kinetics of viral 
propagation and the spleen weight evolution on experimental thrombocytotic and thrombocytopenic mice. 

5.3.2.2.4. Control mechanisms of gene expression in normal and neoplastic tissues 
11.. Bngnet-MaMea, W. Baeytn*. VI. I «maire* i 

* E 'mvcrftiCc d e l . i«gc 

»-r; 
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FRSM contract nr 3 4503.83 

1. Intranuclear localization of thyroid hormone receptors in rat liver and hepatoma. 

The possible involvement of thyroid hormones in the alterations of gene expression accompanying neoplasia is supported by 
th< presence of specific nuclear triiodothyronine (T,) binding sites in various animal and human tumours. It has been established 
that thyroid hormones regubte the activation of specific genes in target tissues and a correlation could exist between the 
intranuclear localization of T, receptors and their biological activity. 

The aim of our experiments, using normal and neoplastic rat tissues, is to determine whether the thyroidal status may 
influence the partition of the receptor between the nuclear compartments. The relative distribution of T,-binding sites in the 
nuclear fractions has been studied in the l ivr of euthyroid (N) and hypothyroid (Tx) rats and in hypothyroid rats injected 
daily with 15 g T, 10» g body weight (Tx+I\). In vivo, after a pulse of ':,1-T,. the distribution of the radioactivity in the 
nuclear fractions was the same in the three groups of animals. After DNase I and high salt treatment of the nuclei, about 
15 "„ of the total radioactivity was found in the residual fraction and the specific radioactivity of the nuclear malr . proteins 
was of the same order of magnitude as the .peciric radioactivity of the total nuclear proteins. 

In vitro, the incubation of the nuclear matrix isolated from the liver of N. Tx o- Tx+T, rats with increasing concentrations 
of '-"'l-T,. or the incubation of purified nuclei followed by the isolation of the mi' tear matrix proteins, revealed that the nuclear 
matrix contains at least 2 T.-binding sites : a first one. with a higîi affinity (Ka = 1.0-1.5x109 M ') and a very low -apacity 
(C_„ 80 fmol mg P) and a second one. with a lower affinity (Ka 0.3 x 109 M ') and a higher v. pacity (C„, 400 fmol mg P). 
Again, similar values were found in normal, hypothyroid and Trinjecled r;.ts 

If the nuclear matrix plays a role in the biological activity of the thyroid hormone at the nuclear level, it seems to be 
independent of the hormonal status of the animal. Photoaffinity labelling experiments, followed by analysis of the nuclear 
proteins by SDS-polyacrylamide gel electrophoresis, will be performed in order to compare the molecular characteristics of 
the T.. receptors associated with the nuclear matrix and with rh* soluble fraction of the liver nuclei. 

The growth of a transplantable rat hepatoma. HW-165. has been found to be thyroid hormone-dependent. The tumour 
contains a significant amount of nuclear T, receptors. The biochemical characterization of these receptors and the study of 
their distribution within the nuclear compartments of the hepatoma cells, arc in progress. 

1. Nuclear phosphoproieins 

Covalent modifications of cellular proteins play an important rôle in the modulation of gene expression. Changes in the 
phosphorylation of nuclear proteins have been implicated in the alterations of gene activity accompanying the malignant 
transformation. On the other hand, some forms of protein phosphorylation have been demonstrated to be under hormonal 
control : the treatment of rats by T, increases the protein kinase activity in the liver and influences the phosphorylation state 
of nuclear proteins. 

We have compared the nuclear phosphoprotcins originating from euthyroid (N), hypothyroid (Tx) and T,-injected hypothyroid 
rats (Tx+T,). Purified liver nuclei or isolated nuclear matrix, were incubated in vitro with ATP: the proteins were analysed 
by SDS-polyacrybmids gel electrophoresis and autoradiography. The distribution of radioactive phosphopeptides was identical 
in normal and thyroidectomized rats. Several minor modifications were found in hypothyroid rats injected with T,. but no 
specific phosphor "ptide appeared in any nuclear fraction. No polypeptide phosphory lated on the tyrosine residue could be 
detected by alkaline hydrolysis of the gels. 

Our results suggest that the influence of T, on the phosphorylation of nuclear proteins in vivo could be due to a translocation 
of the cvtosolic protein kinases or a mobilization of the cytosolic phosphate pool to the nucleus and not to a direct effect 
of the hormone on the phosphorylation of specific nuclear proteins. 

A preliminary study of the nuclear phosphoprotcins originating from the hepatoma HW-165. thyroid hormone dependent. 
and from the liver of the tumour-bearing rats showed striking differences between the two tissues, at all steps of the preparation. 

An abnormally low proportion of the characteristic proteins of the nuclear matrix, the lamins |MW 55.000 - 70.000 dallons) 
was found in the hepatoma. There was an overall decreased phosphorylation of high molecular weight nuclear phosphoprotcins 
in the tumour: however, a highly phosphory lated polypeptide of 38,000 daltons. was absent from the liver. Further experiments 
will he carried out in order to study the influence of several parameters (hydrolytic enzymes, sulfhydryl linkage) on the 
phosphorylation of nuclear proteins in the hepatoma HW-165. 
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5.3.3. GENETIC EFFECTS OF RADIATION IN MAMMALS 

Studies on radiation genetics are performed to estimate the damages to genetic material which can be produced by an 
exposure to ionizing radiations and could result in the production of stochastic effects such as cancers, heritable damages 
and embryonic loss and or defects. Due to the difficulties to perform valuable epidemiological studies on human populations, 
.he effects on the reproduction and on developing organisms have been studied in animal models whereas the damages 
induced by neutrons to genetic material have been investigated in cultured mammalian cells. Direct investigations have been 
performed on patients undergoing radiotherapy for medical purposes. 

5.3.3.1. ludactioa of chromosome aberrations n Go b u n a lymphocytes by low doses of ionizing radiation 
11.. Fabry. A. Leonard, A. Wambersie*) 

• université Catholique de Louvam 

EURATOM Contract nr BIO-D-37S-B 

Human peripheral blood lymphocytes from two donors 'vere exposed to low doses (from 0.05 Gy to 2.0 Gy) of gamma-rays. 
X-rays or fast neutrons of different energy. Chromosome aberrations were analysed in melaphases of first division after a 
culture time of 45--i6 h. At this ti-ne. less than 5 "„ of the cells were found in second division. Different dose-response 
relationships were fitted to the data by means of a maximum likelihood method; best fits for radiation-induced dicentric 
aberrations were obtained wit', 'he linear-quadratic law for all the radiations. The linear component of the linear-quadratic 
equation predominated, however, for neutrons in the range of doses studied, and the frequency of dicentrics induced by d( \bY 
Be neutrons up to 1.0 Gy could also be described by a linear relationship. The relative biological efficiencies (RBE) of X-
rays. d(16)-Be. d(33)-Be and d(50)-Be neutrons compared tc "Co gamma-rays in the low dose range were calculated from 
the dose-effect relationships for the dicentrics produced. The RBE increased with decreasing neutron dose and with decreasing 
neutron energy from d(50)-Be to d(l6)-Be neutrons. The limiting RBE at low doses (RBEo) was calculated to be about 1.5 
for X-rays, and 14.0, 6.2 and 4.7 for the d(!6)-Be. d(33)-Be and d(50)-Be neutrons, respectively. 

5.3.3.2. Effects of unequally fractionated X-ray exposures on the induction of chromosomal rearrangements in mouse spermatogonia 
iP.P.W. van Buul*. A. Léonard) 

* L'nivcrnity of l.ciden. The Netherlands 

The induction of reciprocal translocations in mouse stem-cell spermatogonia was determined following different unequally 
fractionated X-ray exposures with 24 h between the fractions The results indicate that quite variable l r , oi chromosomal 
damage can be induced using the same exposure schemes. This variation does not seem to be corr»'' .cd with radiation set
up or mouse strain. In general, with higher conditioning exposures from 12.5 to 300 rad. higher f.^quencics of translocations 
were produced using a larger second challenging exposure of 700-900 rad. The increase in yields of aberrations was more or 
less paralleled by a shift from a strong deviation from a Poisson fit of the number of translocations per spermatocyte, to a 
good fit. suggesting a transition from the original heterogeneity of the stem cell population to a radiation induced, more 
homogeneous stage. Earlier observations concerning a threshold do«c for sensitization could not be confirmed. 

5.3.3.3. In vitro studies on the ndiosensitivity of the mouse zygote 
(P. Jacquet, G. Ker*yn*\ G. De Oïercq*) 

* r.C.f.ouvain 

•• Trainee KC.L.mivain 

EURATOM Contract nr BIO-E-45I-8I-B 

On the basis of a preliminary study of DNA synthesis in mouse zygotes, superovulatcd mice were mated and irradiated at 
15 h post-HCG (fertilization), at 19 h (pronuclear stage, beginning of DNA synthesis in some nuclei), at 24 h (maximum 
DNA synthesis) and at 27.5 h (DNA synthesis nearly completed, first cleavage metaphase in a few embryos). Doses used 
were 0.25,0.50 or l.OO Gy of X-rays administered to the whole body. On the day following irradiation, embryos were collected 
and classified as uncleaved or 2-cell embryos. Embryos at the 2-cell stage were cultured for 3 days in Brinstcr's medium, 
after which blastocysts were cultured for a further 4 day period in modified Eagle's medium, which allows implantation. 
Irradiation was most harmful when administered at 19 h post HCG. Such treatment increased mortality prior to the first 
cleavage and thereafter, from the 8-ccll (1 Gy) or morula stage (0.25, 0.50 Gy). Blastocyst hatching and implantation were 
also impaired. Irradiation at other times was much less harmful for the embryos. Our first observations on metaphase 
chromosomes confirm that embryonic death induced by X-irradiatton is probably the consequence of chromosome damage. 
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5.3.3.4. Cytogenetic effects of exposure to (dtrasotnds gr»en ahMte or m cnmlihntioa with X-irradiatioe 
(A. Léonard) 

Rabbit peripheral blood lymphocytes have been exposed in vitro in Go to therapeutic ultrasound ( I MHz continuous wave 
mode) alone or in combination with 50 rads of X-rays. The results demonstrate that ultrasound .loses ranging from 0 to 960 
J cm delivered at intensity levels of 0.5 or 1 W cm: do not interfere with the cell kinetics of PHA stimulated cells and do 
not enhance the frequencies of sister chromatid exchanges above the control levels. 

5.3.4. TOXICITY OF RADIONUCLIDES 

The studies concerning radionuclide toxicity are centred on some of the problems that could possibly give rise to low-dose 
exposures of large population groups. Americium is the main alpha-emitting isotope remaining in 50- 500 years old radioactive 
waste products: tritium is encountered in large amounts in fuel reprocessing and fusion reactors: technetium is a fission 
product with the unique characteristic that it is chemically toxic. Some aspects of 'he behavtour of these isotopes in the 
environment and in living organisms form the main part of these studies. 

5.3.4.1. Biological atailabtli.y of traasanuwes ia freshwater ecosystea» : iaterretatioa betweea saecktmi aari »ioa*iilab«liry of 
aaiericium-241 

(J. Yaagenecbtea, S. Van Payaibroeck. J. Bierkeas*, O. Vaaderborgbt) 

" Trainee 

EURATOM Contract 

In order to provide data for ecological modelling of transuranic elements in freshwater ecosystems, americium-241 is studied 
on both its chemical speciation in freshwater and on its bioavailability for freshwater animals. Attention is given to the effect 
of pH. the presence of inorganic (e.g. SO,. P04) and organic (e.g. humic acids) complexantia and or the presence of competing 
[rivaient cations (eg. Fc. Al). Therefore, both artificial and natural watertypes were investigated. From a comparison of the 
concentration factors of Am for a large number of freshwater animals, the crustacean Astacus leptodactylus was chosen to 
study the different uptake pathways of Am in more detail. Up to now. the external fixation of Am on the exoskeieton of A. 
leptodactylus in relation with the different chemical parameters mentioned above was studied. Also the availability of Am 
and its organ distribution within the animal when administered orally in different chemical forms (ionic, citrate, humate) was 
investigated In the near future, the contribution of the gills to the whole body uptake and the organ distribution after 
intricardial injection wil! be studied. 

5.3.4.2. Toxicity of technetium in rats 
IR. Van Bruwaene*. \ 1 . Hegela**, R. Kirchmann. G.B. Gerber***) 

* Deceased 

** Trainee 

" " CT.C 

FURATOM Contract nr BIOB-467-8I-B 

Technctium-99 was given to pregnant rats in the diet at doses from 0.5 to 50 ug,g food from the day of successful mating 
during pregnancy. Feeding to the mothers and the offspring was continued after delivery. Thyroid activity was assessed J ' 
different times by determining thyroid hormones T, and T, in the serum, by measuring 24 h uptake of iodine-131 and b< 
histological observation of the thyroid. Fertility on repeated mating of the treated mothers was also estimated in preliminary 
experiments. Technetium seemed not to have any influence on growth and organ weights of the offspring or on their blood 
formula. T4 concentrations were slightly reduced after the highest doses as was also iodine uptake. Thyroid histology showed 
no characteristic alterations. Fertility was reduced at 2nd and 3rd mating after 50 ug,g. The data dt. not suggest that technetium 
is particularly toxic to mammals, at least under conditions o r sufficient iodine «ipply in the diet. 

5.3.4.3. Behaviour of tritium in mammals 
(VI. Van Flee*. R. Van Bruwaene*. R. Kirchmann, G.B. Gerber**) 

* Deceased 

•* < K( 

FIRATOM Contract nr BIO-B-43I-8I-B 

A pregnant sow was given a daily ration containing organically bound tritium with an activity of ± 15.63 nCi'g food. The 
activity was incorporated in algae powder, potatoes powder and milk powder and was administered from 35 day after 
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pregnancy until the end of lactation. 3 days after birth some of the young pigs were exchanged with uncontaminated newborns 
while the others were left with their mother. By this operation it was possible to follow organically bound tritium in different 
organs with respect to uptake from milk and loss of activity after birth. 

The first pig has been sacrificed one day after birth. The highest activity OBT (nCig dry matter) is found in kidneys (18.2 
nCi/g) followed by heart (15.2 nCi/'g) and the lowest activity in the skin (7.5 nCi/g). At the end of the lac'ation it was 
established that the activity content in the organs of the uncontaminated young pig that stayed witn the tritiated sow, was 
almost at the same level as the activity in the pig from the contaminated sow at the same time (about 1 to 4 nCi g lower). 
It is observed that the loss of activity of the pig that stayed with the uncontaminated sow is rather high, especially for the 
intestines. Two of the pigs will be kept until early adulthood. Analyses of these and further analyses of the organs arc in 
progress. 

Liver and brain of all the sacrificed pigs and of their mother will be separate ' Into different fractions (acid soluble, proteins, 
nucleic acids, carbohydrates, lipids). Lipids will be further separated into phospholipid classes, fatty acids, glycerol, cholesterol, 
sphingomyelins and gangliosides, and the specific activities of all these fractions will be determined. 

5.3.4.4. Decorporation of heavy alkaline-earth metals and transurarics 
(G. Schoeters, O. Vanderborght, S. Van Puymbroeck) 

EURATOM Contract BIO-D-377-81 B 

Our previous long-term experiments in mice revealed the absence of a relationship between observed radiation damage 
(osteosarcoma inci ,ence) and reduction in radionuclide retention (22*Ra) due to decorporative treatment (Na-alginate). Whether 
this finding has to be generalized to other radiation conditions or other decorporative treatments needs further exploration 
since it is of critical importance for risk estimation and the evaluation of health effects in radiocontaminated individuals. 

A new experiment was started with 870 male C57BI mice injected with 5 different doses of ''"Am citrate ranging from 0.5 
kBq 24lAm/mouse till 33 kBq M'Am/mouse. Non-radioactive control groups were included, together with 21*Ra injected mice 
to enable comparison of the efficiency of "'Am to induce osteosarcomas with 22,Ra in the previous large-stale experiment 
with C57B1 mice. Two groups of 24lAm injected mice and one control group were each divided in two lots: half of the mice 
received Zn-DTPA treatment during 8 successive weeks. During the first year of this experiment, autopsies are performed 
and at regular time intervals, some mice are sacrificed to measure the !"Am content in liver and bones. 
In order to find sensitive parameters to evaluate early radiation damage at target cells for osteosarcoma induction, a study 
was performed at the Laboratory for Energy Related Health Research of the University of California-Davis. The goals of 
this study were to obtain information on cells which may give rise to osteoblasts. The working hypothesis was that the 
fibroblast-like stromal bone marrow cell population contains the osteoprogenitor cells. We observed in cultured stromal bone 
marrow cella with a fibroblast morphology, the presence of alkaline-phosphatase, receptors for bone regulating hormones, a 
higher concentration of the stromal colony forming cells towards bone-surfaces, stem cell characteristics of the stromal cells. 
But implantation experiments with these cells and with fresh-bone marrow in dogs, rabbits and mice led to ihe final conclusion 
that stromal cells may b ; involved in differentiation towards osteogenesis but it is not likely 'hat all fibroblast-like cells have 
that potential, Other promoting factors or interaction with other cell types are most likely involved in the differentiation 
process and have yet to be identified. 

5.3.4.5. Radiation damage to stromal cells of haemopoietic organ» from "'Am contaminated adult and perinatal mice 
(R. Van den Heuvel*, G. Schoeters, O. Vanderborght) 

* Trainee 

EURATOM Contract BIO-D-566-84-B 

In adult mice the colony forming capacity of bone marrow fibroblasts from different marrow cavities is quantitatively changed 
at 200 and 7?: kBq "'Am injected per kg mouse. 

This implies that the CFU-f (colony forming unit of fibroMast-like cells) arc within a-range. In some cavities the CFU-f 
concentration was radio-resistant (and even increasing). This cell population could be most interesting to follow functionally 
in connection with susceotibility for bone cancer induction. 

"'Am induces al«o functional changes in the population of stromal cells. At the lowest dose tested, 55 kBq "'Am/kg mouse, 
the supportive rôle of cultured stromal bone marrow cells for CFU-c proliferation was impaired. Further qualitative changes 
of stromal cells after MIAm contamination are under investigation. 
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Cell culture techniques for stromal cells from liver, spleen and bone marrow of perinatal mice are being developed. Cultured 
cells are beine characterized. 

5.3.5. RADIOACTIVE CONTAMINATION OF THE ENVIRONMENT 

This programme aims to generate more information on the transfer in the environment and on the metabolism of major 
radionuclides such as JH. ,4C, technetium, activation products (54Mn,wCo) and transuranics. The research is carried out in 
the framework of the CEC programmes and is also related to the environmental surveillance programmes performed by 
national (Ministry of Public Health) and international institutions (OCDE/NEA). 

In '.984, the following research projects were continued, most of them as part of a co-ordinated research programme : 
- behaviour of tri**i.m in the environment (terrestrial and aquatic); 
- behaviour of technetium (terrestrial animal food chain, marine ecosystem); 
- biological availability of transuranics (freshwater ecosystem); 
- impact of liquid wastes released from a PWR power station (Tihange 1). 

The main results are summarized in the relevant paragraphs of the present chapter, as well as in the related publications 
listed in the Appendices. 

These research projects will be continued in 1985 and new research proposals will be introduced, in particular in the framework 
of the 1985-1989 EURATOM programme. It is expected that the programme on the radiological surveillance around nuclear 
power stations (Doel, Tihange, Chooz), at the request and in cooperation with the Ministry of Public Health, will continue, 
as well as some more specific and limited studies. 

5.3.5.1. Behaviour of tritium, in differe.it chemical forms, in the freshwater environment 
(S. Bonotto, G.B. Gerber*, R. Kirchmann, G. Koch, G. Arapis**, J. Mellet**, S. Puiseux-Dao**, M.C. Bosson***, P. Belcarr1*, 
C. Puglisi'*, S. De Ranieri4*. F. Cinelli4*) 

• C E C 

•• Université de Paris VII 

••• SCK/CEN bursar 

" University of Pisa, Italy 

EURATOM Contract nr BIO-B-431-B 

Work on the behaviour of H in the aquatic ecosystems was continued in collaboration with two international laboratories. 
The investigations were done on Chlamydomonas reinhardii (a freshwater alga), Acetabularia acetabulum (mediterranea) and 
Dunaliella bioculata (two unicellular marine algae) and on Cystoseira compressa (pericellular brown marine alga) and 
Laurencia obtusa (pericellular red marine alga). All these algae are capable of incorporating, but not of accumulating, 'H 
into their organic matter. The biological effects of 'H were studied on Acetabularia, Chlamydomonas and Dunaliella. Tritium 
exposure reduced cap formation in Acetabularia and provoked some morphological anomalies. However, in Chlamydomonas 
and Dunaliella, 'H had no significant effect on the growth rate. Investigations on 3H transfer through the aquatic food chain 
were carried out by feeding freshwater mussels collected in the Maas river (Anodonta sp., Dreissena nolymorpha and Unio 
sp.) and seamussels (Mytilus edulis) with tritiated Chlamydomonas cells, labelled with HTO or with a tritiated amino acid 
('H-leucine). The distribution of 'H in the algae and in the animals was studied by various biochemical procedures. 

5.3.5.2. Behaviour of tritium in the soil-plant system 
(R. Kirchmann, E. Fagniart, G.B. Gerber*, M. Van Hees) 

* CEC 

EURATOM Contract nr BIO-B-43I-81-B 

- Production of tritiated feed 

Ray-grass was grown under a plastic greenhouse (6m x 4.5m) located in the experimental fields of the SCK/CEN farm at 
Mol; a total of 18.5 Ci tritium, as "1HO, has been used for the irrigation of the soil contained in 14 PVC boxes. Five cuttings 
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were produced with a total yield of 56.1 kg of fresh matter. This labelled material was needed to realize the experiments 
performed at the Animal Physiology Laboratory (Wag^ningen, The Netherlands) which participates in this co-ordinated 
research programme. 

- Behaviour of 'H/,4C in the soil-plant system 

Experiment; on the uptake of "C by various crops from residual organic matter decaying in soil have been continued in 
1984. During three consecutive years, various crops (potatoes, maize, spinach, lettuce a".d barley) were grown on this scil 
containing ,4C-organic material. Analyses of l4C concentration in various parts of the cultivated crops were done and the 
transfer factors for the edible parts of various crops were computed. The data show that the highest concentration of "C is 
present in roots followed by leaves and stems. For roots, the activity includes probably also adsorption and contamination 
with soil. After the first year, the transfer factors 

•pCig dry matter plant 
* pC/g dry soil ' 

calculated for the edible parts of the various crops were 1.3x10"' and 1.6xl0'' for maize and potatoes, respectively. 

The second year the highest transfer factor was observed for lettuce followed by spinach, potatoes, maize (whole plant) and 
the lowest for barley (grain) : the transfer factor values ranged from 2.6xl0"2 to 1.0. 

During the third year, almost no activity was observed in the potatoes; for maize (whole plant) the transfer was similar as 
the previous year. 

The total annual export of "C for each crop (taking into account only aerial parts) was always less than 1 °„ of the original 
l4C activity present in the soil. 

5.3.5.3. Experimental study on the formation of tritiated organic molecules in the primary loop of a PWR nuclear power 
reactor and their biological availability 
(M. Bourdon-Meurice*, R. Kirchmann, E. Fagniart, i.C. Dupont*, C. Sironval*) 

* Université de Liège 

EURATOM Contract nr BIO-B-3308I-B 

An experimental device simulating the flow of the primary loop water on the decontamination resins has been used for this 
type of experiment. The leachates of the resins have been concentrated, then irradiated in a nuclear research reactor (BR2). 
in the presence of tritiated water. These irradiated leachates were mixed with an algae culture medium and the content of 
organically bound tritium of the algae Scenedesmus obliquus was determined after a three week's growing period. 

Results of these experiments have shown that : 

(1) 0.8 to 2.1 % of 'H initially present in solution as THO were used for the tritiation of organic molecules dissolved in the 
water of the primary loop which were irradiated under a high flux of neutrons and y-rays, the specific activity of tritiated 
molecules being 100 to 300 times higher than the SA of water in the primary loop: 

(2) a small fraction (0.08 °„ to 0.33 °„) of the tritiated organic molecules generated is incorporated by algae which means 
that the biological availability of these molecules is small. 

5.3.5.4. Tritium and carbon-14 conten. of spent ion-exchange resins from nuclear reactors 
(R. Kirchmann, E. Fagniart) 

The purpose of our study was to determine the amount of tritium and carbon-14 trapped by the ion-exchange resin in the 
reactor wa'er clean-up system of two nuclear power reactors (Tihange-I and Mol-BR3) and of one material testing reactor 
(BR2). 

The results of the determinations show that in the spent resins from Tihange-1 NPP, the levels of most of the samples and 
the levels of ,4C show a wide range of variation (three orders of magnitude). But it is difficult to discuss the values observed 
because the history of the samples analysed is not well documented. In the case of BR3 more information is available. The 
specific activity of matter of the resin (OBT) is, respectively 13473 pCi/g DM (or 177.3 nCi 'H/gH) in the the sample located 
at the entrance of the déminéraliser and 3824 pCi/gDM (or 50.3 nCi 'H/gH) in the sample located at the exit. In thr water 
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of the primary circuit, the concentration remained about 400 nCi/ml (or 3.6 uCi 'H gH) during 1981-1982. One may conclude 
that the SA of the resin samples is about 20 to 60 times lower than the SA of the water of the primary circuit of this PWR; 
the resins do not constitute a sink ftr the tritium present in the water of the primary loop. On the other hand, the "C content 
of the same resins are about two orders of magnitude higher than the 'H content. 

In the case of the MTR (BR2), the 'H content is mainly associated with the water: on the contrary l4C" is mainly bound to 
the dry matter of the resin. On the other hand, the ,4C level in the anionic resin is two orders of magnitude higher than in 
the cationic, as already observed in ion-exchange resins from nuclear power plants in Finland (M. Snellman and L. Salonen). 

5.3.5.5. Biological availability of 'H and "C present in the liquid effluents from nuclear power plants (Tihange, Chooz) 
IR. Kirchmann, M. Bourdon*. J. Binet**, E. Fagniart, A. Colette*) 

* Université de Liège 

• • IHE, Bruxelles 

Research agreement contract nr 2961/CF between IAEA and U.Lg. 

The cultivation of algae fScenedesmus obliquus) on radioactive effluents from various origins is used for about ten years in 
the laboratory of radioecology at University of Liège, as a routine tool for the detection of radionuclides ir. the effluents 
investigated. 

Tritium and carbon-14 are particular cases, as these radionuclides may be present both as ionic form and as organic molecules. 
The cultivation of algae allows the detection of such molecules and consequently the evaluation of the importance of the 
contaminating fraction. 

Several month composite samples of liquid radioactive effluents released in 1980 and 1984 from NPP of Tihange (Units 1 
and 2) were used as algae cultivation medium (diluted 1:1 or 1:2) and one sample from NPP of Chooz (SENA) was used 
for comparison. 

The results show that : 
- the mean l4C concentration of Tihange-1 effluents is about two-third of the 'H concentration mean values; 
- in the case of Tihange-2 effluents, the mean "C concentration is slightly (30 °„) higher than the 'H concentration of SENA, 

but an increase is more pronounced (60 °„) if compared with the l4C concentration of Tihange-1; 
- the single value observed for the '*C concentration of SENA-effluent observed for the 'H-concentration of SENA-effluent 
is about 7 times higher than the mean 'H-concentration observed in dry matter of algae grown on the Tihange-1 and 2 
effluents. This finding is not surprising if one considers that the fuel cladding is stainless steel in the SENA reactor and 
Zircaloy in the Tihange reactors; 
- pre-treatment with Ba(OH)2 shows no clear-cut effect on the ,4C concentration of the dry matter of algae, but on the basis 
of the few results obtained, the precipitate (inorganic C) removes up to about 10 °„ of the l4C initially present in the effluent. 

5.3.5.6. Behaviour of technetium in the marine environment 
(S. Bonotto, R. Kirchmann, G.B. Gerber*, J. Colard, G. Koch, C. Hurtgen, D. van der Ben**, Z. Moureau**. B. Mania**, 
J. Van Baelen**, C. Verthé***, M.N. Maquet***, L. Pignolet4*, CM. Vandecasteele4*, C. Myttenaere4*, M. Cogneau4*) 

* CEC 

** Institut Royal des Sciences Naturelles de Belgique 

*** Université de Liège 

** Université Catholique de Louvain 

EURATOM Contract nr BIO-B-485-82-B 

Marine micro-organisms, unicellular and pericellular algae and animals were used in laboratory experiments for studying the 
uptake and distribution of technetium, supplied as "mTc- or Tc-pertechnetate, a chemical form which has a good stability 
in sea water. In addition, a freshwater microalga, Chlamydomonas reinhardii, was investigated for comparison with a marine 
microalga, Dunaliella bioculata. Brown algae, in general, accumulate techne'ium very strongly. Radiochemical analyses on a 
large species growing along the Belgian coast. Fucus spiralis, have revealed measurable amounts of T c , which probably 
originates from releases by reprocessing facilities. 

In contrast to other marine green algae, Acetabularia accumulates technetium, with concentration factors attaining 400. The 
distribution of technetium in the aquatic oiganisms, its biological effects and its transport through the food chains were 
studied by various techniques by the four research units, which joined their efforts during the duration of the contract. 
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5.3.5.7. Technetium transfer in the animal food chain 
(R Van Rruwaene*. G.B. Gerber**. R. Kirchmann. C. Garten***, J. Vankerkom. S. Bunotto, T. Mathieu'*. M. Cogneau4*) 

* Deceased 

• • Œ C 

*•* Laboratoire de Chimie Inorganique et Nucléaire. L' C louva in 

** Oak Ridge National Laboratory, l 'SA 

'* Trainee 

EURATOM Contract nr BIO-B-467-81-B 

Technetium-99 (1 g lab-lied with ""Tc) wrs injecte into the rumen of sheep as pertechnetat<* or bound to the brown algae 
Fucus vesiculosus. Feces and urine were assayed for radioactivity up to 93 days after application, and animals were sacrificed 
at different times after application. Absorption of technetium from intestine is small, and urinary excretion amounts to only 
about 1 u„ of the dose. Highest specific activities are found in thyroid followed by liver and kidney. Rather high activities 
were also found in skin and wool. Hair may thus constitute an easily accessible indicator to assess extent and age of a 
technetium contamination. No marked differences in absorption of technetium were seen when it was given as pertechnetate 
or bound to algae; some of these variations may be due to differences in age and dietary iodine of the sheep utilized. 

5.3.5.8. Radiological surveillance around nuclear power stations 
(R. Kirchmann, G. Cantillon*. H. Declercq-Versele*) 

* IHF. B.-iuclles 

Contract with the Ministry of Public Health 

The radiological surveillance programme has been routinely continued in 1984. including the sampling >f coastal waters (in 
co-operation with the Rijksstation voor Zeevisserij. Oostende). 

In the framework of this programme, several points of the Scheldt basin are sampled (sediments, fish and other marin»! 
organisms) and the levels of radioactivity measured. An evaluation of the annual dose to individuals of a hypothetical critical 
group through the food chain pathway (fish, mussels) has shown that the dose to the whole body, due to radium-226. would 
be about 0.16 mSv a. taking into account a concentration of 0.3 Bq M»Ra/l of Scheldt water at the Dutch-Belgian border. 
This dose due to " 'Ra is about ten times higher than the dose to the same individuals arising from the liquid releases of 
nuclear power plants located on the left bank of the estuary. 

5.3.5.9. Study of the impact of waste released from a PWR nuclear power station on a fresh water ecosystem 
(R. Kirchmann, co-ordinator) 

EURATOM Contract nr B10B-330-8I-B 

In co-operation with U.I.g., U.C.Louvain, FND Paix, IHE 

This multidisciplinary study constitutes an extension of the research conducted since 1976 on the impact on the Meuse river 
by the release of liquid effluents from the PWR-type nuclear power plant built at Tihange (cfr. BLG 555), the perspective of 
this work being its use as a model for the freshwater of other regions having similar characteristics. 

The part of the in situ studies deals with the physico-chemistry of the waters, the algal flora, the macroinvertebrates and the 
fish. The phytoplankton, major element of the ecosysten, is particularly stressed as well as the growth and the breeding of 
some species of the fauna. The modifications of the aquatic biocenosis shown are mainly quantitative (modifications of 
populations of specie; and in some cases of their biomass) and functional. Furthermore, it is stressed that impact of the 
thermal and chemical releases from the nuclear power plant must be considered in the general ecological context of the 
industrial and urban pollution of the region. As far as the radioactive releases are concerned, their impact has noticeably 
decreased and the releases from the nuclear power plant at Tihang" have only little effect on the invertebrates and the fish 
used as radiocontamination tracers. 

The experimental aspect of the research has been extended. In particular, the interest of the alga Scenedcsmus acutus as 
laboratory material for the fixation of radionuclides from releases has been confirmed. Works on the kinetics of transfer of 
some radionuclides have been continued. An experimental process has shown that some tritiatcd molecules, a fraction of 
which being biologically available, may arise from lixiviate of resins, irradiated in the core of a nuclear reactor, in the presence 
of tritiated water. 

5-26 



Finally, in view of obtaining a better understanding of the effect of the chlorine and of the thermal releases, the laboratory 
study of the photosynthetic activity of planktonic algae has been initiated and the lethal temperature for some species of 
macroinvertebrates determined. 

A report (BLG 573) dealing with the main results obtained during the 1981-1984 period is in preparation. 

5.3.5.10. Research related to the dumping of low-level radioactive waste in the Atlantic Ocean 
(S. Bonotto. R. Kirchmann, J. Coiard, C. Koch, C. Hurtgen, A. Ortins de Bettenconrt*, S. Wartel**, D. van der Ben**, 
W. Feldt***, M.M. Rutgers van der Loeft"*) 

* Laboratório Nacional de Engcnhaira e Tcchnotogia Industrial. Sacavem. Portugal 

** Institut Royal des Sciences Naturelles de Belgique. Bruxelles 

• • • Bundcsforschungsanstalt fur Fischcrei, Hamburg, F.R.G. 

*• Nederlands Instituut voor Onderzoek der Zee, Texel. The Netherlands 

Samples of the black scabbard Aphanopus carbo, a species of fish living in deep oceanic waters, were analysed by non
destructive q-spectrometry and then by radiochemical techniques, for assessing the level of Pu, U, Am, Ra. "7Cs and "V. 
Moreover, the work on deep sediments and on phytoplankton was continued. An intercomparison exercise was done on a 
saiiiple of Holothuroidea collected in the NEA dumping area, in which several radionuclides were analysed (2l0Pb, "'Am, 
"•U, 2"U, ,44Ce, «Th, "«Ra, '"Sb, W7Bi, l37Cs, "Mn, "Th, «Co and "K). A new study cruise was organized by The Netherlands 
from March 26 to April 20, 1984. Deep sediment samples shall be provided for various analytical studies. 

5.3.6. NON-RADIOiZTIVE CONTAMINATION OF THE ENVIRONMENT 

Bacteria were looked for in effluents or biotopes contaminated with heavy metals : some were found exhibiting high-level 
resistances to heavy metals; research was carried out in order to identify the genetic determinant of resistance (plasmids) 
and to study the mechanism of detoxicat.jn. 

5.3.6.1. Effects of environmental polluting agents (heavy metals or organic solvents) on the brain of laboratory mammals 
(H. Reyners, E. Cianfelici de Reyners, J.R. Maisin, M. Csicsaky**, R. Roels*, R. Lauwerys*) 

* Industrial and Medical Toxicology Unit, U.C.Louvain 

** Hygiene Institute, Dusseldorf University 

Partly under CEC Contract nr ENV-643-B (RS) 

a) Cd and manganese in rats 

Low doses (1 mM) of cadmium and/or manganese salts (alone or in combination) were given to 2 month old male Sprague 
Dawley rats via their drinking water, to study the reduction of the deleterious effects of Cd by means of a possible manganese 
antagonist action (as shown in tissue culture experiments). No effect of this kind was observed as far as the Central Nervous 
System cytology is concerned. Different structural modifications (brain swelling in all experimental groups, but reduction of 
astrocyte and oligodendroglial cell sizes) were, however, observed in the various experimental groups, particularly at the end 
of the first month of treatment, but disappeared afterwards. Moreover, it appeared that manganese side-effects were more 
apf/d'ent than the Cd damage to the brain. Metallic contents of various organs evaluated at U.C.Louvain confirmed these 
observations : the Cd incorporation was not found to be reduced in joint Cd +• Mn intoxications. 

b) Trimethyl tin is a powerful toxic agent to the hippocampal structures of the brain. Ultrastructural investigations on tissue 
material collected at Dusseldorf Environmental Médecine Institute revealed a sharp threshold for nerve cell killing at the 
level of 3.5 mg/kg rat. 

5.3.6.2. Mercury transposons from plasmids governing multiple resistance to heavy metals in Alcaligenes eutrophus CH34 
(L. Diels, M. Mergeay, M. Faelen*, D. Niess**) 

* Service de Génétique, Université Libre de Bruxelles 

• • Institut fflr Mikrobiologie, Universitât Göttingen, GÖTTINGEN, 

This work was partially supported by the Convention ULB-SCK/CEN-IRE 

Alcaligenes eutrophus CH34 is a facultative autotrophic bacterium, harbouring two large plasmids pMOL28 (165 kb) and 
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pMOI.30 (238 kb) carrying resistance to Ni-+, Co-+ and Hg2+ ions and resistance to CdJ+, Co :+, Hg2+ and Zn:+ ions, 
respectively. These plasmids are poorly self-transferable, but their transfer is strongly stimulated by IncPl plasmids as RP4 
or pUZ8: in nickel-resistant or zinc-resistant transconjugants mediated by RP4 or pUZ8, rearrangements were observed 
which include cointegrates and mainly insertions in the mobilizing plasmids. These insertions are different if coming from 
pMOL28 or pMOL30, but all confer resistance to mercury derivatives as HgCl2 merbromin but not to thimerosal and methyl 
mercury chloride; they are able to transpose on the Tra Mob'plasmid RICM (4.5 kb; Cm). The insertion from pMOL30 was 
named Tn4380 and that from pMOL28 was named Tn4378. After transposition of Tn4378 on RICM, the resulting plasmid 
had a size of 13 kb: the size of Tn4378 is thus 8.5 kb and was confirmed by the restriction mapping data. EcoRI digestion 
liberated two internal fragments of 2.8 and 2.6 kb. Tn4378 also contains 1 cleavage site for HindlH, BamHI, Sail and Sphl 
and no restriction site for BglH, Bell, Pstl, Kpnl and PvuII. From RlCM::Tn4378, a radioactive probe was made from a 
Pst I fragment of 10.6 kb. containing the whole transposon. 

This probe used in Southern hybridization experiments, hybridized in pMOL28 with 2HindIII fragments (9.4, 4.8 kb). I Pstl 
(14 kb) and 4F.coRI (15.4, 2.8. 2.5 and 2 kb). It seems thus that the structure of Tn4378 remained unchanged through the 
successive transpositions from pMOL28 to RICM. The probe used also hybridized with a 6.2 kb Hindlll and a 2.7 EcoRI 
internal fragment of Tn4380; this shows homology between the two transposons (which shared a simi'ar resistance pattern). 
Again, the probe hybridized in pMOL30 with 2 Hindlll fragments (9.4, 6.3 kb), 3 EcoRI (19.5, 9.4 and 2.7 kb) and 2PstI 
(11 and 7 kb). thus leading to the detection of Tn4380 in pMOL30. 

Furthermore, the probe reacted very strongly with a 2.3 kb and 5 kb EcoRI fragments of pMOL28 cloned in the vector 
pSUP202, a mob+ derivative of pBR325. 

These fragments expressed; increased sensitivity to merbromin and resistance to merbromin, respectively; this indicates the 
presence of a gene involved in the uptake and detoxification of mercury in cytoplasm. It is thus possible that these fragments 
cloned in pSUP202 correspond to EcoRI fragments of Tn4378. 

Finally, transposons Tn4378 and Tn4380 seem to transpose more actively in an A. eutrophus background where they can 
jump with frequencies up to 10"' than in E. coli (10~7). In A. eutrophus CH34, they seem to be responsible for some 
rearrangements observed in pMOL28 and pMOL30 in self-transfer experiments. 

5.3.6.3. Genetic studies on microorganisms important in the corrosion of metal structures in water 
iB. Powell*, M . Mergeay) 

* Napier College. Edinburgh (U.K.) 

Sulphate reducing bacteria are an ubiquitous group of strict anaerobes which are efficient agents of corrosion. Each year, 
large amounts of money are spent on the repair and replacement of metal pipes and structures, damaged as a result of the 
activity of the sulphate-reducing bacteria. 

In order to get some clues on the mechanism and prevention of microbial corrosion, we started some genetic studies on 
these microorganisms. The genetics of these bacteria are almost unknown and yet difficult to access due to slow growth and 
difficulty of handling (precipitation of sulphides). We want to introduce plasmids and transposons as genetic tools in a strain 
of Desulfovibria desulfuricans. The first step was to derive a medium allowing ^oculture of D. desulfuricans and aerobic 
bacteria carrying transferable plasmids. 

After many attempts, this was achieved 'iy using a medium (medium C+ nitrate) containing lactate as a carbon source, 
sulphate, citrate to prevent precipitation of iron sulphide and nitrate as an electron acceptor, for the growth, in anaerobic 
conditions, of Alcaligenes eutrophus and Pseudomonas fluorescens used as donor strains of plasmids. 

This mediun allows efficient development of both D. dcsulfuricans and CI. eutrophus (or P. fluorescens) grown together. First 
attempts of transfer of plasmids RP4 or pMOL30 require confirmation by appropriate selections on solid media and 
physicochemical evidence of plasmid. Further work will focus on the transfer in sulphate reducing bacteria of shuttle vector 
constructtd to move between aerobic bacteria and anaerobic bacteria as Bacteroides fragilis. 

5.3.6.4. Acidification of the environment : physico-cheinistry of acid surface waters in Belgium 
|J. Vangenechten, H. Witters*, A. Witters*. S. Van Puymbroeck, O. Vanderborght) 

• Trainee 

Production of energy by burning of fossil fuels has resulted in a world-wide pollution of the air with compounds, containing 
oxides of sulphur and nitrogen. These pollutants are responsible for what is now considered to be one of the main environmental 
threats e.g. acid deposition. Since the northern part of Belgium has a soil composed of mineral-poor siliceous sand this area 
is supposed to be vu'nerablc to the effects of acid precipitation. 
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An extensive physico-chemical survey of several low-alkalinity lakes in this area was started in 1975 and has Further been 
updated during 1984. The number of lakes has been enlarged, including some comparable waters in the Campine of Limburg. 
Following conclusions have been drawn from the available data. The waters exhibit extremely acid pH conditions (mean pH 
around 3.8) together with an unusually high ionic content of varying composition. A marked deficiency in alkalinity (HCO, 
and CO, ) with respect to the high calcium concentrations was noticed. This calculated deficiency could be related to the 
excess sulphate concentration, as calculated from the natural SCV/CT ratio in seawater and thus in non-polluted rainwater. 
This relation showed a highly significant correlation, indicating that the observed deficiency in alkalinity originates from excess 
sulpha'e in the water. Furthermore, acid Belgian lakes exhibit extremely high aluminium concentrations (up to 9 mg Al/I). 
High AI concentrations are commonly described to be the result of Al leaching from the soil by acid rainwater. It is postulated 
that these Belgian boglakes have been subject to recent acidification by input of acid, sulphur-rich rainwater. 

The handling of the data by means of the central IBM computer has been re-examined. Now use is made of the SQL 
(Structured Query Language) facilities which makes the data retrieval more flexible. 

Preliminary analyses of groundwater samples from various aquifers in the Antwerpian Campine region were carried out in 
collaboration with the geotechnology. The data indicate that about 30 "„ of the groundwaters above 50 m in the Kempen 
clays and sands and in the Mol sands exhibit pH values below pH 5 and an extremely low bicarbonate buffering capacity 
(HCO, averages of 8mg 1). 

In acidified surface waters, a drastic disturbance in the composition of animal and plant communities is generally known to 
occur. Some plant and animal species disappear, while some acid-resistant species survive and dominate. Waterbugs (Hemiptera, 
Heteroptera e.g.) are known to thrive well. Among the plant species, bogmosses (Sphagnaceae) are known to dominate. 

The effect of acid stress on the ionic balance (Na+. and CI regulation) has been studied in the waterbugs Corixa punctata 
and C. dcntipes The high Al-concentrations in these acidified waters, can be a supplementary toxic factor for these animals. 

Our experiments showed a depression of the Na+-influx with 50 °„ in acid conditions (pH 3), as well as at high AI-
concentrations (10 mg.I). Under these circumstances an elevated Na+-concentration in the haemolymph was noticed. This 
can probably be explained by a depression of the water content of the haemolymph. resulting in a higher haemolymph Na+-
concentration. 

We may conclude that even in acid water with high Al-concentrations, the waterbugs are capable of keeping their NaCl-
homeostasis in the haemolymph. which is in sharp contrast with other freshwater animals like most fishes, for example, 
which arc not able to maintain ionic balance. This year, research was initiated on a comparative physiological basis using 
an acid-sensitive species, the rainbow trout. Saimo gairdneri. The high Al-concentrations are also toxic to this fish. 

The influence of acidity and elevated Al-cor^entrations on the phosphate metabolism in bogmosses (Sphagnum fimbriatum 
(wils.)) was studied. At acid pH (pH 3.5) .he PO^uptake was highest. This can be very important in acidified boglakes, 
where phosphate occurs as a critical element because of its low concentrations. It was furthermore noticed that very high 
Al-concentratkv (25 mg I) cause a decline in PO«-uptake. 

These laboratory studies thus proved that the physiological optimum for P04-uptake in S. fimbriatum coincides with the 
ecological optimum in the acid bogwater. 

A symposium on "Acid deposition and the sulphur cycle" has been organized by SCOPE-Belgium, June 6, 1984, in Brussels. 
The SCK CEN Laboratory for Mineral and Radionuclide Metabolism was responsible for a large part of the organization, 
including the publication and editing of the proceedings. 
Furthermore, the laboratory prepared 5 contributions to this symposium. 

5.3.7. STl DV OF THE INTEGRATION, REPLICATION AND BIOLOGICAL EXPRESSION OF FOREIGN DNA 
ADMINISTERED TO DIFFERENT ORGANISMS 

Plants 

This year has been devoted to the consolidation " the transformation data previously obtained with Arabidopsis and with 
grass. The analysis was also extended to other p'jnt materials, mainly cereals. From the results obtained so far, it appears 
that the bla gene of different plasmids can expres» '..elfin different plants (monocotyledons and dicotyledons). The enzymes 
so produced arc sensitive to anti RTF.M B-lactami.se anti-serum. Their molecular weight depends on the plant used and is 
equal to or higher than the molecular weight of the bacterial enzyme. 

Microbiology 

An "in vivo" cloning system was developed to pick up genes in bacteria presenting economic interests. Back transfer phenomena 
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were discovered during this study : they appear to play a rôle in the dissemination of genetic information. On the other hand, 
plasmids specifying the resistance to heavy metals were found in A. eutrophus and could be transferred to different hosts. 

5.3.7.1. Selection of transformed grass pilots 
II.. Diets, L. Ledow) 

Work supported by the Rijksstation voor Plantenveredeling. Mere'.beke 

In an attempt to transform monocotylous plants, we incubated germinating seeds with purified DNA. 

As DNA vector, we used different plasmids of the pBR325 family. 

As receptor we used the grass Timothy (Phleum pratense). To ascertain transformation, we looked for blactamase activities 
(coded by the bla+ gene of the different plasmids used). 
In most cases, significant enzyme activities could be found in homogenates made from groups of at least 20 plants. Obviously, 
no single transformed plant could be isolated in this way for further studies. 

To solve this problem, attempts were made to prepare callus from treated seeds, to obtain b g e r amounts of individual plant 
material. Callus growth was obtained with the B5 medium supplemented with 0-01 mg I kinctin and I-100 mg Ï 2-4 D. 

Callus growth was also tested in the presence of different concentrations of chloramphenicol, kanamycin. gentamycin. neomycin 
G418 and trimethoprim. In all cases, growth was normal up to 5 mg I antibiotic but completely inhibited with 40 mg !. Grass 
growth was also tested on the different antibiotics as mentioned above. 

Chloramphenicol was an exception : at 5 mg ml, growth was inhibited by 70wt."„. 

Chloramphenicol acetyltransferase (CAT) activity was measured in homogenates prepared from these calli. No activity 
significantly higher than that found in controls could be observed. 

It should be pointed out. however, that the dosage poorly applies to our material which has a strong inhibitory effect on the 
CAT determination. Homogenates of Timothy can decrease down to 20 times the activity of an added purified CAT preparation 
On the other hand. Timothy appears to contain specific acetylases which greatly interfere with the CAT activity 

Plasmids bearing resistances to the antibiotics are being used, together with plasmids carrying different eukaryotic or procaryotic 
promotors. 

5.3.7.2. Tissue cultures of grass 
(L. Diels) 

Callus induction of the grass Timothy was performed on B5-plates with different concentrations of kinetin and 2.4 D. The 
best callus formation in the dark was obtained by incubation with I mg/1 2 4 D and 0.01 mg I kinetin. On the other hand, 
for callus formation in light another medium \vas necessary. Therefore, we used Linsn.aier-Bednar-Skoog (LBS) medium with 
1 mg/l of 2.4 D. 

For regeneration studies, a lot of different concentrations of 2.4 D, kinetin. benzyl amino purine (BAP) and adenin were 
used. So we obtained a root formation by omission of 2.4 D and with 0.01 mg 1 kinetin. BAP and adenin did not help for 
shoot formation. 

Now assays of regeneration are in progress with LBS medium in the light and different concentrations of plant hormones. 
In this condition, root induction was still performed and sometimes we had some spontaneous shoot formation. 

5.3.7.3. Genetic studies with Alcaligenes eutrophus 
(M. Merge»), A. Sadouk*, L. Diels, M. Faelen**, B. Powell***) 

* Université de Liège 

•• U L Bruxelles 

*** Napier College, Edinburgh 

A. cutrophus is a chemolithotrophic bacteria markable for its outstanding resistance to heavy metals; it is also an excellent 
recipient of foreign genes (in vivo cloning) and exhibits a high level of mutagenesis in cultures grown at 37°C. In order to 
better understand the various characteristics of CH34, we decide to study its genetic map. This was done by using plasmid 
pULB113 (RP4::miniMu); around 20 loci were ordered including one locus involved in chemolithotrophic metabolism. Around 
60 % of the chromosome was observed by the linkages. On the other hand, we investigated the mutagenesis induced in 
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cultures grown at 37*C : these cultures exhibited a high mortality but the surviving clones displayed at high frequency one 
or more of the following phesotypçs : usability to grow autntrnphically lAut-t. requirement for lysine (Lys-), hyperproduction 
of a pigment (Pig-), usability to grow anaerobicaily with nitrate (Nit-) and increased sensitivity to heavy metals (Ccz-). This 
induced mutagenesis seems to be highly targeted. Analysis of the plasmids of these last mutants show they have lost pMOUO 
and that pMOI.28 was enlarged by around 50 kilobases. EcoRI digestion of these enlarged plasmids (pMOLSO and pMOLSl) 
show the presence of bands «hich are not present neither in pMOL28 or in pMOL30. This suggests the presence in these 
plasmids of a chromosomal transposable element likely related u *.h. mutagenic event. 

5.3.7.4. Genetic «upping M Agrofcacteriaai hMaefacicBS CSS with R-priaaw kifccti by plaiwii p i LB1I3 |RP4=anaiMa) 
IL. Van EMM*. M. Merge*). A. V u Cool**) 

• F.A Jansscns laboratorium voor Genctika. K L\Leuven 

In contrast with the Ti plasmid. few data are known about the Agrobacterium tumefaciens chromosome, although some 
chromosomal genes are also involved in the tumorigenic properties of the bacterium. Using the conjugative plasmid R68.45. 
Hooykaas et al. (1983) have built a genetic map of A. tumefaciens which included 26 markers. On the other hand, plasmid 
pi LB113 (RP4::miniMu) was shown to induce easily plasmids containing transposed chromosomal fragments; these R-prime 
plasmids are easily detected in heterospecific matings. Plasmid plT.BII3 thus allows to make in vivo cloning of genes and 
would be a useful additional genetic tool to study in more detail smaller portions of the Agrobacterium chromosome. 

pULBI13 was introduced in A. tumefaciens strain C58CI rif-R (cured of Ti plasmid. The resulting transconjugant (strain 
C58C1-VD8) was used as a donor in matings involving various strains of Salmonella typhimurium LT2. Escherichia coli K12. 
and Alcaligenes eutrophus CH34. Heterospecific transfer of A. tumefaciens genes did not succeed with E. coli or S. typhimurium 
as recipients, likely due to the poor expression of Agrobacterium genes in these bacteria: on the other hand, with A. eutrophus 
CH34 as a recipient. R-primes were found at frequencies ranging from 10' to 3x10* by selecting complementation of lys and 
'.rp mutations. 

As shown by agarose gel electrophoresis, these R-primes have acquired a size increment ranging from 25 kb to 90 kb. The 
A. cutrophus strains bearing the Agrobacterium R-primes were mated with A. tumefaciens strains, carrying reference markers, 
in order to map the transposed fragments and with various mutants of P. fluorescens 6.2. S typhimurium and A. eutrophus 
CH34 in order to detect unselected genes on the R-primes by means of genetic complementation. 

The R-trpE (A.t.) plasmids (f.e. pMOL324) complemented trpE alleles of P. fluorescens and S. typhimurium and the leu8 
mutation of A. tumefaciens; these observations indicate the linkage Ieu8 - CtrpE. (As a gene is detected only by the way of 
complementation, this is shown by preceding the detected wild-type allele by the letter C). 

The R.lys (At.) (plasmids pMOL340 and pMOL343) and R.trpA (At.) (pMOL334) were found to partially overlap in 
complementation studies : these three plasmids complemented equally well the mutations leu9. Ieu24 of P. fluorescens 6.2 
and Iys53 of A. eutrophus CH34. pMOL334 and pMOL343 (but not pMOL340) complemented also ilv32 of P. fluorescens. 
Besides. pMOL334 was alone to complement trpl3 of A. tumefaciens, as well as Ieu71. ilvlOl and his27 in P. fluorescens. 
These observations lead to propose the following linkage of Agrobacterium genes (trp!3. Cleul. Cilvl. Chis) - Cilvil - (Clys. 
Cleull). 

The third group of R-primes (pMOL226 and pMOL338) containing a trp gene of A. tumefaciens (presumably trpC) was 
found to complement trpl of A. tumefaciens and pyrl25;:Tn5 of P. fluorescens, showing the linkage trpl- Cpyr. 

5.3.7.5. Studies on the segregation of the bla-f gene and the expression of the chloramphenicol resistance introduced in Arabidopsis 
thaliana seeds by pBR325 DNA 
(L. Ledoux) 

Seeds of Arabidopsis thaliana, incubated with purified plasmid pBR325 (Ap* Cm" Tet* display a 
Db-lactamase activity (product of the bla+ gene) which can be selectively inhibited with an antiserum specific for R-TEM B-
lactamase. 

After incubation with the plasmid. plants can be selected on 10"* M chloramphenicol for a characteristic phenoiypc and their 
progeny can be further cultured. 

In that way, 17 F, progenies were analysed for ^-lactamase activity and, from seven of them. F, and F, populations were 
developed on agar mineral medium. 

Results show that the faculty to produce fHactama.se is an inheritable trail and that enzyme-producing plant lines can be 
selected and maintained A precise genetic analysis of the phenomenon is, however, difficult because each plant is small and 
too small amounts of enzyme can be extracted from their leaves. 
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To overcome this difficulty, we usod F . plant* from which we developed callus on a solid growth medium. From M individual 
F- >rol>. CU!<»C$ -*crc obtained and later süfecafcüred. Their *-\xl?m-s*e H-tivities were ascertained In most c:rscs. the 
eruvme activity per unit protein found in a given F : calius was repeatedly found in ihe subcultures In a few cases, it 
progressively decreased to a final loss. 

The enzyme activities found in calluses derived from the M F_. plants were compared to those found in calluses derived from 
control, untreated seeds. Expressed in OD units h ' a' protein, the activity found in c«*ntrois was f> - 2. 

The activities found in F_. calluses distributed into four classes with activities similar to that of controls i.«*J ". M the calluses) 
or activities around 7> I" (2K *„>. 150 V |2S "..) or 450 I (5 '..» 

The overall mean of the 61 values (S5 l'# compares well with the 6S I ' - 15 found in F. plants of same origin 

These results suggest •• mendelian segregation of the (^-lactamase trait in the first three populations and could indicatc 
polyploid-like situations in the third. This hypothesis is being analysed by molecular hybridization 

Two callus lines (C01 and CI I) representatives of the 15*» I' and 450 I' groups have hcen compared to controls, for their 
resistance to chloramphenicol. Control calluses die at concentrations of chloramphenicol higher than 2 x I"* M. whilst both 
COI and CI I resist to 1ft' M. at least (resistances to l.ighcr concentrations are being checked). 

At this point, it can be concluded that both the production ofp-lactama.se and the resistance of calluses to chloramphenicol. 
due to treatment of seeds with pBR325 DNA. subsist over two meiosis and an extensive vegetative growth. Besides, it is 
possible by the method here outlined to isolate Arabidopsis piants siipcrproducin» RTFM-like p-lactamase. 

53.7.6. P n s t K t of flasmààmm i t y K H M •!•;>•••' traasfonaed ArahMoasct F2 ralhts 
(M. Tfciry. i. Rean. L. Leoaaxi 

The DNA of different classes of F ; calluses producing ^-lactamase were isolated As control, we used the DNA extracted 
from calluses derived from NaCI treated seeds. A first screening for pBR325 sequences was made hy the dot-blotting technique. 
The total DNA was immobilized or a Zcta-probc membrane and hybridized with '-'P labelled pBR325. Autoradiography 
revealed no hybridization with control DNA. whilst heavy signals of hybridization were found with the DNA of the p-
lactamase producing callus. The intensity of (he signals were proportional with the amount of p-lactamasc produced by the 
callus. We selected calius. producing 450 I" of B-lactamasc. for further investigation. The DNA of this callus was purified by 
CsCl density gradient centrifugation. The different fractions were tested for the presence of pBR'25 sequences. It revealed 
two populations of molecules, one associated with the plant DNA itself, the other displaying a density close to that of pBR325. 
This suggests that the plasmid might exist in the callus either associated (possibly integrated) with the nuclear DN.\ •>•' 
Arabidopsis. or free, with a plasmid-likc behaviour. The "plant" DNA was agarose gel clcclrophorcscd as such (native) or 
cleaved with restriction nucleases Pstl and or Pvull After blotting onto a membrane, its pBR'25 sequences were detected 
by hybridization with a suitable probe. From the pattern s<> obtained, it can be concluded that at least the portion of pBR325 
containing the B-laclamase structural gene is present in the DNA extracted from the calluses Further investigations are 
necessary to specify the length of the flanking regions 

5.3.7.7. Cloatag of the pues of a pfcagt tail like bacterrocm 
(VI. Tairy. J. Remy. I.. Ltdoax) 

In order to introduce a disease resistance character in plants, we investigate the possibilities offered by bactenocin genes 
Bactcriocins are protein or protcinaccous structures that possess specific bactericidal action against determined bacterial 
species. We previously found that a non-phytopathogenic variety of F. r-cdovora produced a phage tail like bactenocin. that 
specifically kills F.rwinia carotovora. (causing soft rot, a wide spread disease of vegetables) This bactcriocin is a complex 
structure made of about 10 suhunit proteins We have found that, upon induction, a novel I" kiiohascs plasmid pi T BUM) 
is produced. The insertion of that plasmid in pBR325 is being studied By Flisa tests, recombinant clones were selected for 
production of bacteriocin subunits. Southern blotting experiments using these clones as probes confirmed that pIT.OI'H) is 
the bacteriocinogenic factor. A collection of recombinants containing overlapping fragments of pIT.OlOO is being made This 
will allow us to map the plasmid, to investigate the production of the hactcriocin structures and to attempt its transfer in 
plants. 

5.3.8. TOXICOLOGY 

With a view of helping the pharmaceutical and chemical industries to mret (he continually growing requirements of the 
national and international legislation in the toxicology domain, the Radiobi >logy department carries out on a ro'i;inc basis 
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for several years, most of the toxicological tests as recommended by the Organization for Economic Co-operation and 
Development tOESO OECD) 

Early in 1984. a leaflet describing the possibilities offered by the department to perform studies on the genetic, environmental 
and somatic effects of chemical products has been sent to about 200 Belgian industries, allowing a number of new contacts 
and the realization of a series of acute toxicity tests. 

In order to perform the toxicological studies in strict conformity with the food Laboratory Practices (GLP) regulations, the 
coordinator of the Quality Assurance Unit attended a specialized course about Good Laboratory Pra. '.ices, organized by 
the Internationa] Center for Professional Advancement. A computerized data acquisition and management system for toxicology 
and histopathology research has to be acquired in the near future. 

5JJL1. Tautological staties 
|W. Barytas. U B—pwl-Maniea. L. Fabry. C.B. Cerfcer*. A. Léonard. JR. Musam. R. Tiaaneranas", J. VaafcerkoM) 

•CEC 
** Deutsche SchuukommusMR 

Besides the realization of acute toxicity tests, different protocols have been elaborated upon request of several companies, 
for subsequent long term toxicological studies. A project is in progress, in collaboration with a pharmaceutics! company and 
the department of pharmacology of the KUL. for the evaluation of the effects on the central nervous system ;CNS) of a new 
drug, potentially active in the treatment of cerebral metabolic deficiency. Morphological, biochemical and physiological 
parameters of the cerebral function will be investigated, in particular 
- the effects of the drug on the appearance and reversibility of neurological symptoms, following an experimental cytotoxic 
brain edema; 
- the protective effects of the product on the attenuation of water intake by normobaric hypoxia; 
- the stimulating effect of the drug on the cerebral metabolism, evaluated by the deoxyglucose consumption in normoxic and 
hypoxic animals: 
- a psychopharmacological test of learning and memory in the rat, consisting in the measurement of an avoidance response. 

A three year study, starting in 1985. has been proposed to SVW (Studiesyndicaat voor Water). The aim of this project is a 
reasearch on the somatic and mutagenic effects of endo- and exotoxins produced by blue algae, growing in drinkable water. 
Correlations have to be found between the chemical methods of evaluation of the toxins and their biological activity. 

5.3.8.2. Cytogenetic exaaaaatioa of leacocytes of workers exposed t» mercary vapoar 
|V. MaMle. H. Roeb*. P. Jacaaet. A. Leonard, R. Laawem*) 

• I X Lnuvain 

Cytogenetic observations have been performed on 22 male workers occupationally exposed during 0.3 to 15.3 years to 
elemental mercury in a plant where mercury is amalgamated with zinc and in a chloralkali plant. The average level of mercury 
in urine was 117 ug g creatinine and of mercury in blood 3.1 ug, 100 ml. The exposure to mercury vapour did not result in 
an increased yield of structural chromosomal aberrations in peripheral blood lymphocytes of the workers. These negative 
results are in agreement with the findings reported for other eukaryotic systems and confirm that population monitoring based 
on cytogenetic examination of peripheral blood lymphocytes does not always represent a good indicator of damage to genetic 
material produced by a chemical. 

5.3.8.3. Ijick of antigenic activity of white spirit 
IB. Gockrt. C. de Meester*. A. Léonard. Ckv Dekawlf) 

• t:.C.Ijwvain 

The mutagenic potential of white spirit, i typical mixture of primarily aliphatic hydrocarbons used as a solvent, was investigated 
using a battery of test systems. The ability of this compound to induce gene mutations was assayed by the Ames test with 
different strains of Salmonella typhimurium; its potential clastogenicity was tested in vivo on mouse bone marrow cells; in 
vitro induction of sister chromatid exchanges was studied in human lymphocytes. Negative results were obtained in all test 
systems. It is concluded that, in spite of its evident toxicity, white spirit does not display mutagenic properties. 
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5.3.8.4. Doanaaat lethal test ia female mice treated with methyl mercury chloride 
(L. Verschaete*, A. Leonard) 

• V U Brussel 

Female BALB c mice were treated with a single intraperitoneal injection of 0, 2.5. 5.0 or 7.5 mg methyl mercury chloride 
per kg body weight and subjected to the dominant lethal assay at 6 différent time intervals between exposure and mating. 
Cyclophosphamide (210 mg kg body weight) was used as a positive control. 

The nain effect appeared to be a statistically highly significant increase in especially pre- and early post-imr-ianta'ion foetal 
loss». This was most evident when all data (the 6 consecutive weeks of mating) were pooled. 

5.3.8.5. Lack of mutagenicity of diphenylhydantoin in in vitro short-term tests 
(A. Léonard, C. de Meester*. L. Fabry, L. de Saint-Georges, P. Dumont*) 

* t." C.I.ouvam 

The mutagenicity of diphenylhydantoin (DPH) and its major metabolites. 5-(P-hydroxylphenyl)-5-phenylhydantoin (HPPH), 
has been reevaluated by the Ames test using Salmonella typhimurium and, for DPH only, by an in vitro cytogenetic test 
with human lymphocytes and a turbidimetric assay of tubulin polymerization. As negative results were obtained in all test 
systems u:ed here, one has to conclude that DPH is devoid of mutagenic properties. 

5.3.8.6. Morphological and cytogenetic studies of dominant lethality induced by mitomycin C and cyclophosphamide in female 
germ cells 
(P. Jacquet P. Pire*) 

• Trainee 

Dominant lethal tests were performed on female mice injected intraperitoneal!) with cyclophosphamide (200 mg kg) or with 
m'tomycin C (0.2 or 5 mg,'kg) at the preovulatory stage of oogenesis. Complementary experiments were undertaken to clarify 
the results obtained. Embryo culture showed that sterility found after treatment with cyclophosphamide or with the high dose 
of mitomycin C was the reflection of true dominant lethal effects. Mortality after cyclophosphamide treatment occurred 
predominantly at the 2- and 3-cell stages, while it was reported in all preimplantation stages after treatment with the high 
dose of mitomycin C. Embryos treated with the low dose of mitomycin C developed normally to the blastocyst stage, confirming 
the absence of preimplantation effects found with this dose in the dominant lethal test. Cytogenetic analysis of female pronuclei 
at the first cleavage division were performed after mating treated females with males homozygous for one Robertsonian 
translocation, l u s method allowed to distinguish easily :he female pronuclei from the male ones, which exhibited one 
translocated marker chromosome. After treatment with c. clophosphamide, most female pronuclei showed multiple chromatid 
exchanges or shattering of the entire genome. After treatment with the high dose of mitomycin C, various types of premature 
chromosome condensation were found, and they were often accompanied by important interchromosome associations. After 
treatment with the low dose of mitomycin C, no structural cl.romosome aberrations were found, and the number of numerical 
anomalies was not significantly different from that found in control embryos. These last results suggest that the increase in 
rate of postimplantation loss obtained in the dominant lethal test with the low dose of mitomycin C was not due to clastogenic 
effects of this compound in the female germ cells, but rather to indirect effects on the maternal organism. 

5.3.8.7. Importance of the mitogen on sister chromatid exchange studies 
(Gh. Deknudt) 

The frequencies of Sister Chromatid Exchanges (SCF.) induced by cyclophosphamide (CP) or mitomycin C (MMC) have 
been studied in human lymphocytes stimulated by Phytohcmaggluti.'in (PHA). Concanavalin A (Con A), Wistaria floribunda 
(WFA). or Lentil lectin (I.cH-A) extracts. These four mitogens, differing in lectin valency and/or sugar specificity, are considered 
as activating primarily thymus-derived (T) lymphocytes. PHA and Con A arc tetramcric molecules with four sugar binding 
sites, whereas WFA as well as LcH-A are dimeric ones. These phytomitogens can be divided into two subgroups depending 
upon their sugar-binding specificities : PHA and WFA react with N-acctyl-D galactosaminc, whereas Con A and LcH-A bind 
especially to a-D-mannosc. 
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Venous blood samples from two healthy adult male donors, without smoking habits or any known drug or medical history, 
were grown, independent of each other, for 72 h in S ml Ham's FIO medium in the presence of SO g S-bromodcoxyuridine. 
Forty eight hjurs after initiation, the cells were exposed for 1 h to MMC (10* M) alone or to CP (10* M) in the presence 
of S9 mix. For each culture, 25 metaphases in second mitosis were analysed for the frequencies of SCEs. The mitotic indices 
foi 1,000 activated lymphocytes as well as the proportion of cells in first, second or subsequent division for 100 cells in 
mitosis were also determined in all control cultures. 

Regardless the mitogen used, control cultures displayed a mean yield of about 8 SCEs, cell. A contact, of on? hour, with 
MMC alone or with CP and enzymatic activation, resulted in a significant increase of SCEs dependent on the mitogen used. 
An approximately twofold, fourfold or sixfold increase in SCEs was observed for the cultures stimulated by PHA. Con A 
and WFA or LcH-A, respectively. Furthermore, there exist mitogen dependent differences in mitotic indices and cell cycle 
kinetics in human lymphocytes harvested 72 h after stimulation. 
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The Radiobiology department of SCK/CEN studies a o : 
- radio-ecological problems such as the absorption of radioisotopes (a o of tritium by plants in an adequate greenhouse -
Fig 1). 
- effects of radiations in living beings (e.g. unicellular algae - Fig 2), 
- toxicologicai and biochemical effects of certain rt'.ulcnals absorbed by experimental animals (Fig 3), the blood of which is 
examined in an óu.omated way (Fig 4); 
- genetic manipulations on plants (and related microscopical studies - Fig 5), 
- effects of acidification of the surface waters (via analyses and research on specific biotopes - Fig 6) 



Chapter 6 

NON-NUCLEAR PROGRAMMES 

6.1. ENVIRONMENTAL STUDIES 

f.1.1. AIR POLLUTION MEASUREMENTS 
VH. Pep-rstraete) 

In 1984, SCK/CEN continued its environmental impact studies in co-operation and under contract with the regional F'lomish 
authorities. 

The emissions of the domestic waste incinerators in Brasschaat and Harelbeke were characterized for dust, aerosols and 
toxic organic compounds. Especially tha suspected build-up and dispersion of very toxic dibenzo-p-dioxines and -furans were 
precisely assessed. 

Research on the en"ironmental hazards caused by organic toxicants emitted by industrial sources in the region of Tessenderlo-
Kwaadmechelen was continued. 

The environmental chemistry laboratory started a study aiming at the comparative evaluation of the composition of off-gases 
generated by a number of alternative domestic heaters, woodstoves and non-selective burners in comparison with the emissions 
of the classic domestic fossil fuel burners. The consequences of the use of these particular heating systems will further be 
assessed in terms of indoor pollution. 

In the wake of the present evolution in the field of environmental directives, new proposals for guidelines, limit values and 
standards on regional, national and European scale, a number of specific tasks have to be mentioned. They include an acid 
rain project and a number of environmental -mpact assessment projects ordered by private industries. 

In the framework of the European Community p omotion campaign for harmonization of measurement methods for priority 
air pollutants and its tendency to develop an integrated European measurement strategy, SCK/CEN carried out a Quality 
Assurance study for NOxand an inventory for input data necessary to model up to date large-scale ozone photochemical 
episodes in the European Community. 

Under contract with the Community Bureau of References of the CEC, SCK/CEN accepted to act as a cenire for development, 
analysis, certification, storage and dispatching of reference materials, e.g. gas mixtures for SO,, NO, N02 and CO, polyaromatic 
hydrocarbones (PAH) nitro-PAH, dioxines, ... 

On behalf of WHO SCK/CEN co-ordinates an international Quality Assurance project for measurement of air pollutants. 

6.1.1.1. Development and experimental validation of mathematical models 
(J. Kretzschmar, B. Vanderborght, I. Viertens, P. Govaerts) 

CEC Contracts iR-028-B and SR-032-B 

The CEC contract related to the sensitivity, applicability and validation of bi-Gaussian off- and on-line models for the 
evaluation of the consequences of accidental releases in nuclear facilities was terminated in 1984. In this contract, the computer 
system CAERS (Computer Aided Emergency Response System) was developed to simulate the dispersion of products released 
in the atmosphere over short averaging times. The system can calculate the ambient concentration fields using the bi-Gaussian 
theorem or using the bi-dimensionaf puff trajectory tri-Gaussian pu.'f dispersion model. The latter model enables the simulation 
of rapidly varying emissions under variable meteorological conditions. TH validation and the applicability of the model was 
tested by comparing the calculation results with the measurement results of SF» atmospheric tracer dispersion experiments, 
using in«:antaneous mobile measurements and stationary time averaging sampling. 
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The horizontal and vertical dispersion parameters and the maximum of the cross-wind concentration profile were deduced 
from the measurements and compared with the model parameters, obtained by several methods described in the open 
literature. The limitations of the precision of the expérimentai and theoretical results were clearly demonstrated and evaluated. 
The experiments have shown that the bi-Gaussian model, using the SCK./CEN parametrization system, can simulate the 
short-term concentration levels with a fairly good accuracy. The variations of the plume under non-steady metf ' ind emission 
conditions can be well simulated by the puff trajectory model. This leads to the general conclusion that the atmospheric 
dispersion models of the CAFRS system can give a significant contribution to the co-ordination and the interpretation of air 
pollution concentration measurements in emergency and routine situations. 

An international intercomparison test on the analysis under laboratory conditions of SF„ traces in air samples was organized 
by SCK CEN. Laboratories in Denmark. France, Italy, Norway, the UK. the Netherlands and Germany participated. Results 
showed a good agreement between four participants: two laboratories showed a 20 °„ systematic difference with the first 
four and three were completely out of range. Further tests have been carried out to investigate the reason of the 20 "„ 
difference with the two Dutch laboratories in view of future collaboration in atmospheric experiments. 

6.1.1.2. Environmental impart assessment studies 
(B. Vanderborght, C. Cose.nans, G. De Baere, I. Mertens) 

The IFDM (Immission Frequency Distribution Model) was used for environmental impact assessment studies for the EBES 
power plant in Langerlo and the ESSO Refinery in Antwerpen. 

The EBES study was carried out on behalf of LISEC-Limburg as a part of their study on the impact of the oil to coal 
conversion of the Langerlo power station. The model was used to simulate the SO.-concentration levels using different 
emission scenarios, that were dictated by LISEC. The version, using the emissions calculated from real fr.ol consumptions, 
could be compared with measurements of four measuring stations around the plant. The comparison of calculated with 
measured concentrations could not be used for model validation because emissions from other sources than the power plant 
were not known. The comparison of calculated and measured immissions related the air pollution from the power plant to 
the general pollution level. The calculations showed that this contribution is small compared with pollution from other sources. 
The results of the study were incorporated in the final report to LISEC on the environmental impact assessment study. 

The ESSO investigation was an important project where the SO.-pollution by the entire Antwerp area was investigated, the 
actual contribution of the ESSO plant in the complex situation was calculated as well as the impact of 12 different scenarios 
of SO;-emissions by the refinery. The system of the IFDM computer programme was improved to reduce the required CPU 
calculation time with a factor 20. 

The results of the simulation using the entire emission inventory and the meteorological observations of the pollution year 
1980-1981 were compared with the immission measurements of 31 monitors of the sulphur smoke network. In general the 
validation was excellent : for 80 °„ of the places the relative difference between measured and calculated immission was 
smaller than 25 °„. Some noteworthy facts were obtained from a study of the geographical patterns of measured and calculated 
concentrations. The influence of some emission parameters of the Esso chimneys on the SO,-pollution were systematically 
investigated. The s'udy enables the ESSO refinery to find an optimum between energy saving on the emission budget and 
the resulting change of the pollution levels. 

Contract with the Flemish Community : contract nr. 428 C22/417 

H y the end of the year, a new project was started in the framework of the contract 428022/4171 with the Flemish Community 
to simulate the influence of di ferent pollutant emission regulation policies in the Antwerp industrial area. In a first stage, 
the actual S02-concentrations are calculated using the emission inventory and the meteorological observations of the pollution 
year 1980-1981 (the youngest period with a complete official data base) and compared with the measurements. The model 
is essentially the same as the one for the ESSO study, but the simulation of the background pollution is improved. In ;-. 
second stage, the influence of several emission regulation policies on the ambient pollution will be calculated. The results of 
the study will provide information for the environmental management by the local authorities. 

6.1.1.3. Transport and dispersion of tracer metals over long distances 
(B. Vanderborght, G. Cosemans, I. Mertens, J. Colard, L. Stouten, i. Van Tongerloo) 

Contract with the Flemish Community : contract nr. 128 004/332 

Under contract with the Ministry of the Flemish Community, the atmosph-' c transport and dispersion of heavy metal aerosols 
over long distances was investigated. The emission of antimony containing aerosol from a metallurgical factory in Beerse and 
in Hoboken was used as a selective tracer. In 1983, aerosol samples were continuously collected on II sampling places 
between Beerse and the Belgian coast up to 135 km from the industrial pollution source. The samples obtained during periods 
with easterly wind directions were analysed for Sb by neutron activation analysis in 1984. 
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The bi-dimensional puff trajectory model with tri-Gaussian dispersion of the puffs, already made for the CAERS system, was 
adapted for emulations over long distances. Results of measured and calculated Sb-concentrations were compared. To our 
knowledge, no validation of a mathematici! me le! for the simulation of aerosol transport and dispersion over these distances, 
has been described in the literature yet. 

Important conclusions of the study can be summarized as follows : 

- the transport of Sb-aerosol over 135 km distance has been proven with several measurements of Sb-concentration wtll 
above background-level downwind the industrial source; 

- the graphical display of the puff trajectories is very instructive for a qualitative interpretation of the pollution levels. The 
calculated puff trajectories are highly influenced by the height of the meteo observations; 

- best results for the comparison of observed and calculated concentrations are obtained with meteo observations at the 
same level as the emission; 

- the limitation of the mixing height by a temperature inversion is a primary cause of high metai aerosol concentration far 
from the source: 

- most episodes with easterly wind and reliable measurement data yielded a good or excellent agreement between measured 
and calculated immission. Disagreement is caused by an insufficiently precise knowledge of the wind-field, interference by 
high emissions from the Hoboken Metallurgy factory or from a high background pollution and by incidental high emissions 
from Beerse. 

6.1.1.4. The Scandinavian Oresund experiment 
(B. Vanderborgbt, S.E. Gryning*, E. Lyck**) 

* Rise National Laboratory, Roskilde, Denmark 
** Air Pollution Laboratory, Roskilde, Denmark 

Rise - SCK/CEN agreement 

In May and June 1984, the four Scandinavian countries of the Nordforsk group (Denmark, Norway, Sweden, Finland) 
organized an intensive experimental campaign to study the atmospheric transport and dispersion of pollutants in the special 
meteorological conditions caused by a warm land surface on both sides of a cold seawater surface. A high chimney on one 
coast and the combination of a stable atmosphere over a cold water surface with an unstable atmosphere over a warm land 
surface can theoretically cause high ground-level concentrations on the opposite seaside. This is especially interesting around 
the narrow (10 - 25 km) and cold Oresund sea between Kopenhagen, Denmark and South-West Sweden. 

Fig. 6.1.1.4. Oresund experiment. 
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The central element of the study was the SF6 tracer dispersion experiments. SF6 tracer gas was released at an emission rate 
of 6 g s from a 100 m high mast on the coast. The resulting SF6 ground-level concentrations were measured with 60 samplers 
on two or three arcs on the opposite side of the iea. A total of nine experiments were realized. The results are being collected 
in a data base for further processing with mathematical models. 

Fig. 6.1.1.4. gives an example of an SFt-concentration profile measured during the Oresund experiment in Denmark at 40 
km distance downwind a 100 m high source on the Swedish coast. The points (nrs. 161 to 170) are measuring places at 
1 km mutual distance. The length of the lines, starting from the measuring places in the direction of the source, is proportional 
'"> the measured half hour average SF6-concentration. 

SCK CEN was invited to participate in the experiment with the air pollution measuring van. SCK/CEN's tasks were : 

- to search the SF, plume by means of on-line mobile measurements; 
- to inform the other participants on the actual plume direction in order to allow for an optimization of the sampling positions; 
- to measure one of the three 60 minutes average cross-wind concentration profiles; 
- to measure the fluctuation of the instantaneous SFe-concentration at one place as a function of time. 

6.1.1.5. Meteorological studies 
(G. De Baere, G. Cosemans, H. Depuydt, I. Mertens, M. Loos, B. Vanderborght) 

Routine meteorological observations on the 120 m mast in Mol continued and were transmitted continuously to the National 
Data Processing Centre (NDPC) of th Belgian Automatic Network in Brussels. These measurements, supplemented with 
the local ground level observations, vere systematically validated, summarized and reported in the yearly meteorological 
report of the SCK/CEN 

With respect to remote sensing techniques, aiming at the continuous determination of the wind speed and wind direction 
components in the lowest 500 m of the atmosphere, the tests with commercial Doppler Sodar equipment were continued. 
After some short demonstration periods it became clear that much research remains to be done prior to an extensive use of 
Doppler Sodar as a routine measuring instrument. The accuracy and precision of the wind speed and wind direction 
measurements as a function of height must be tested for at least a period of one year relative to the observations on the 
mast. The research on the application of the wind fluctuation measurements as input data for dispersion parameters in 
mathematical models must be started. 

The gradient of the wind speed as a function of height is an important parameter for the determination of an accurate wind 
speed figure in air pollution modelling applications. The gradient is a.o. function of the surface roughness which is influenced 
by the height of the surrounding vegetation which increases with time. A study has been started to investigate the vertical 
gradient of the wind speed as a function of time using the meteo observations of the period 1976 to 1984. The study searches 
a relation between the steepness of the gradient, the atmospheric stability, the surface roughness and the time of the year. 

6.1.1.6. Source term of light water reactor accidents 
(P. Govaerts, H.G. Friederichs*, F. Lange*) 

• Gewllschaft ffir Reaktorstcherheil mbH. K»!n. FRG 

Study Contracts ECI-992-B7221-83 B and ECI-993-B7:21-83 D 

On behalf of the Commission of European Communities, experts of SCK/CEN and GRS-Köln followed the activities of the 
American Nuclear Society Special Committee on source terms 

This committee reviewed the present state of knowledge relative to the source terms of radionuclides in case of a core melt 
accident. The main object of the study contract was a detailed review of draft documents, allowing the insertion of references 
to European research work, severe accident studies and specific European designs. 

6.1.1.7. HEPA-filter testing 
(J.P. Deworm, W. Siegers, J.B. Pauwels) 

The laboratory testrig (Fig. 6.1.1.7.) was extended with an automatic data-processing system. The present rig allows testing 
of very high efficient standardized filter units. 

Different tests were run for commercial HEPA-filter constructors, on filter units with particle efficiencies up to 99.9 "/„• 

A more reliable technique for in-situ testing with a fluorescent laser spectrometer was further developed. 
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Fig. 6.1.1.7. Schematic diagram of the research rig. Fl, F2 : test section fillers: F3. F5 : prefilters: Ff>. F4 : air cleaning filters : Si. 
S2 : injection ports; S3, S4 : upstream sampling ports; S5. S6 : downstream sampling ports; V : regulated ventilator; VI. 17. Vi : 
dampers for working conditions in open and closed circuit; H : system for humidifaction: 7 : heating coil. 

6.1.1.8. R&D on mineral fibers 
(P. Deiavignette, J.P. Deworm. J.B. Pauwels, '.. Thiessen*, G. Verduyn*) 

* Institute for Hygiene and Epidemiology. Brussels 

The final report of the project aiming at the development of a practical methodology for the determination of asbestos in 
ambient air was submitted to CEC. One of the main conclusions was the possibility of investigation of the TEM-indirect 
methodology with radioactivated asbestos. 

The indoor pollution with asbestos fibers emitted from asbestos sprayed insulations were investigated for various national 
authorities. The main conclusion after this preliminary campaign was the existence of a hirge range of asbestos fiber 
concentrations beginning from 10: fibers/m' (detection limit) to 10* fibers/m'. 

6.1.1.9. Emission of toxic organic compounds from municipal incinerators 
(R. De Fré, H. Peperstraete, T. Hymen, J. Zeevaert) 

This contract granted by the Ministry of the Flemish Community, involved the off-gas monitoring of municipal refuse 
incinerators at Brasschaat and Harelbeke. A large amount of experimental qualitative and quantitative emission data were 
obtained. 

The dust concentrations in the airborne emissions were determined following normalized procedures (i.e. Belgian Standard 
NBN X 44 - 002). With the sampling apparatus built at SCK/CEN, dust concentrations were measured for every season, 
during two weeks and this for a whole year. The results obtained, calculated at 1: "„ O,, varied between 30 and BOOmg, 
Nm' dry gas, respectively. 

With a multi-cyclone system, also built at SCK/CEN, the size distribution of the discharged airborne particulates were 
measured a few times at both incinerators. The Mass Median Aerodynamic Diameter (MMAD) obtained at the Brasschaat 
incinerator, amounted to values larger than 15 u,m. At the Harelbcke incinerator, the values obtained for the MMAD amounted 
to approximately 10 urn. 
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The traces of toxic organic chemicals such as poly chlorinated biphenyls (PCB), polychlorinated dioxins (PPDD) and 
dibenzofurans (PCDF), polychlorophenols and polynuclear aromatic hydrocarbons (PAH) were analyzed with combined gas 
chromatography-mass spectrometry (GC-M S ) equipped with capiiiary coiumns, on-coiumn injectors and seiecteu ion monitoring 
devices. The emissions of all these components in gaseous form or bound to airborne particulates were determined separately, 
and the former appeared to be predominant. 

Emission factors for all classes of compounds analysed were established after determination of the amount of household 
waste burnt during the sampling periods. 

In order to gain insight into the formation mechanism of the most toxic PCDD and PCDF classes during the combustion 
process, the concentrations of these components in die emissions were correlated with combustion temperatures. PCB 
concentrations, chlorine content of the gas and PVC content of the refuse. It was shown that the oven temperature, within 
the working range of these incinerators, and the PVC content of the refuse had no marked influence on the occurrence of 
PCDD and PCDF. but a positive correlation with the presence of PCB was demonstrated. The study showed unambiguously 
that dangerous toxity levels were never reached. 

After completion of the work, the final report was submitted to the Ministry of the Flemish Community. 

6.1.1.10. Air polhrtioQ by residential beating with woodstotcs, open (ires. etc. 
(H. Peperstraete, R. De Fré) 

Contract work was started, on behalf of the Flemish Ministry of the Environment, concerning atmospheric emissions caused 
by alternative residential heating sources such as woodstoves. A public inquiry was made about the use of different types of 
stoves and fire places, frequency of use and type of fuel being burnt. Samples of the commonly used fuels were obtained and 
analysed for the presence of potential environmental hazarduous components. Indoor air pollution during the combustion of 
different fuels was monitored in several houses, and the equipment for emission sampling assembled. 

6.1.1.11. Air pollution measurements in the Tessenderlo region 
(H. Peperstraete, R. Dr Fré, T. Rymea) 

Under contract with the Ministry of the Flemish Community, the air pollution by organic compounds in the region Tessenderlo-
Kwaadmechelen was further monitored. 

In January the mobile laboratory was equipped with a preconcentrating sampling and analysis system for the most volatile 
organic» e.g. ethylene and vinylchloride. The mobile laboratory remained operational on site during the rest of the year. The 
group of medium volatile organics was monitored by absorptive sampling in the field and analysis in the laboratory by 
thermodesorption and gas chromatography with flame ionization detection. Identification of unknown pollutants and qualitative 
confirmation of the FID analyses was carried out by regular parallel thermodesorption GC-MS analyses. Airborne concentrations 
of heavy organic compounds, particularly polynuclear aromatic hydrocarbons (PNA) were determined by collection of 
athmospheric dust n three sampling stations, followed by GC- MS analysis. 

6.1.1.12. Emission measurements 
(H. Peperstraete, R. De Fré, T. Zeetaert) 

Fourteen industrial and public organisations requested assistance of the SCK/CEN in problems related with industrial emission 
of flue gases, gas c'.aning equipment and air pollution. With eight of these an agreement was reached and emission 
measurements were subsequently carried out. 

The parameters determined include : gas flow and general composition, concentrations of dust, sulfur oxides and sulfuric 
acid, nitrogen oxides, hydrogen fluoride and hydrogen chloride, and organic compounds. 

6.1.1.13. Primary gas standards 
(W. Claes, E. Goelen, H. Peperstraete) 

The CEC intercalibration exercise for NO.has been extended to non-member countries like Norway, Switzerland and Austria. 
A final report is being established including a critical analysis of all data measured together with a statistical analysis. The 
final conclusions will give a critical evaluation of the calibration methods used, their suitability for in situ measurements and 
suggestions for improvement of the calibration methods. 

A contract with BCR, the Community Bureau of References, is covering the prolongation of the measurements of the lowest 
concentration NO and N02 for both series of Air Liquide and British Oxygen Company. Both series were measured with an 
interval of about six months in order to obtain information on the long-term stability of these mixtures. 
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A similar contract was signed with BCR to carry out stability tests on a series of cylinders containing SO, pollutant at 
ambient level concentrations. 

The inventory within Europe of data on the ozone and photochemical oxidant levels in the atmosphere proceeds quite slowly. 
due to lack of harmonization of methods for measurement and also because there is no co-ordination at all by the natiorat 
authorities on this subject. 

On behalf of BCR. five series of one hundred cy inders with different concentrations of CO and NO in nitrogen prepared by 
different European industrial gas producers havt been transferred to SCK CEN. They are stored at the new 1MB building 
and thermally conditioned a* 22*C x 2*C. Acowding to the contract, two series of analyses for homogeneity have to be 
performed. Some ten specia-'zed laboratories have been invited to participate in the certification campaign of these mixtures. 

BCR entrusted to SCK CEN a new contract on the storage and dispatching of polycylic aromatic hydrocarbons (PAH). The 
existing stock together with the three refrigerators have been transported from ECN to our laboratories. Until the end of 
1984. a total of 51 orders from all over the world, comprising 210 bottles have been packed and mailed. The orders are 
transmitted by the BCR central office in Brussels. 

Semi-conductor chlorine detectors (US) for monitoring the control rooms of the nuclear power station Doel 3 have been 
calibrated, in the range 0.2 to 5 ppm, by means of the central calibration unit in our laboratory. The performance characteristics 
of the equipment were checked in the concentration range from 5 ppm to nearly 100 ppm CI,. 

A rack calibration unit with three thermostated channels to be loaded with three different permeation tubes has been designed 
and constructed, in co-operation with ATEC-Turnhout. This unit allows at any time to produce dynamically three well defined 
concentrations of different pollutants. In the meantime, the unit is made commercially available in co-operation with ATEC. 

6.1.2. AIR POLLUTION ABATEMENT TECHNOLOGY 
(W. Goosseas) 

As a spin-off from technological developement work on off-gas cleaning processes for nuclear facilities, various techniques 
are investigated on their potential men's for the abatement of air pollution caused by fossil fuel combustion. The experimental 
effort is focussed on the retention of submicronic particulates and on the catalytical destruction of nitrous oxides. Technical 
and economical evaluation studies of the air pollution abatement techniques are related to the probable precursors of acid 
rain. 

6.1.2.1. Dnciopaeat of mi ejector-veatari for aerosol filtra tioa 
(C. Weyers, M . Klein) 

During the investigation of the capture of semi-volatile compounds released during the vitrification of nuclear liquid waste, 
the retention of submicronic particulates was observed to be very important. As a result of this observation, an exploratory 
experimental investigation was started to improve the performance of an ejector-venturi (EV). The positive conclusions of 
this study have led to a more systematic approach that was accepted as research item in the general contract with the 
Flemish government. 

TABLE 6! 2 I. 
Efficiency for aerosol trapping expressed as decontamination factor 

Type 

Brit. Scrubber 
SAPS JV 50 (F) 
EV prototype 3 
idem 
idem 

idem 

0.09 

1 
-
144 
205 
380 

110 

0.173 

1 
-
470 
508 
590 

^30 

Aerosol size in um 

0.22 

8 
-
700 
1400 
710 

480 

0.33 

9 
3.6 
5200 
4400 
1100 

1600 

0.48 

23 
5.5 
40,000 
33,000 
very high 

very high 

Aerosol ty| 

latex 
latex 
latex 
Fe,0,-Fc,0, 
RuO;-Ru 
complex 
C s O r C s A 
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A small test rig was built with a gas throughput of 30 m\h ', in which different aerosol filters can be tested. The second 
home-made prototype EV showed a submicronic aerosol trapping performance far better than a commercial scrubber and 
than another type of hV. These comparative measurements have been performed using latex particles of different particle 
size as artificial aerosol particulates. These encourageing results allowed to construct a third prototype EV, in order to start 
a parametrical study using more realistic type aerosols, namely submicronic aerosols of oxydes obtained by calcining salt 
solutions at a temperature of 100O°C. Table 6.1.2.1. gives the aerosol retention data measured in the different filter types with 
artificial latex aerosols and with more industrial type oxyde aerosols. The aerosol decontamination factor is determined with 
the help of the laser spectrometer ASAS-X. It appears that, for the oxyde type aerosols, the retention efficiency is linked to 
the solubility of the oxyde. Radioactive tracing will be applied in the future to study the mass efficiency. A complete installation 
made of polypropylene is under construction with a nominal gas throughput of ± 50-100 m'.R"'. Long duration runs with 
different carrier gases and oxyde aerosols are planned. 

6.1.2.2. Catalytical destruction of nitrous oxides 
(L. Geens, J. Marien, W. Goossens, P. Van Rompaey*) 

• K.U.Leuven 

During the demonstration runs in the denitro unit built as a gas pretreatmeni step before cryogenic distillation, it has been 
observed that NO appears as a by-product of the catalytical destruction of ammonia by oxygen in the presence of nitrogen. 
This new fact increases the complexity of the catalytical destruction of nitrous oxides with ammonia as added reagent. 
Therefore, a complete diagnostic measuring programme on the existing denitro unit has been started with scientific and 
technical assistance of K.U.Leuven. 

The new fact has been confirmed during runs in absence of any nitrogen oxide in the inlet gas. Moreover, the catalytical 
reaction appeared to be complicated by adsorption or chromatographic phenomena introducing some delayed effects on the 
reactivity of the catalytical mass. These phenomena may be at the origin of the non reproducibility of the experimental data 
obtained in the denitro-unit loaded with about 10 kg catalyst. Hence, a small laboratory test reactor with 10 g charges of 
catalyst has bit-n constructed and commissioned. A parametrical investigation has started in this test facility. 

6.1.2.3. Technical and economical evaluation of air pollution abatement techniques 
(W. Goossens, L. Geens, M. Klein, G. Van Roosbroeck) 

Under contract with the Flemish Ministry for Environment, process engineering and system analysis are applied to evaluate 
the formation of air pollutants containing sulphur and nitrogen oxides in various industrial sectors. More particularly, a 
literature survey is being made on flue gas desulphurisation, nitrous oxide removal techniques and dust trapping equipment. 
Cost estimates for a few specific reference abatement techniques are analysed and adapted to the local conditions. This 
information is being used to describe different scenarios of action to meet the CEC proposal on em.^sion levels in fossil fired 
power stations. 

6.1.3. WATER 
(G. Van Roosbroeck) 

The efforts of SCK/CEN were further devoted to activities in the framework of SVW (Studiesyndicaat voor Water), namely 
research on new or existing processes with emphasis on energy saving and water quality improvement, optimization of 
processes with minimal sludge production, development of new technologies and elaboration of statistical methods for 
experimental design and data handling. 

6.1.3.1. Electromagnetic filtration of waste waters and proces» streams 
(A. Faseur, i. Van Dooren, A. Van Den Bosch, N. Maene, J. Coruelis, W. Goossens) 

Electromagnetic filtration can be considered as an alternative technique for the separation of sludge and the purified effluent. 
This type of filtration has, as compared to the classical gravitation sedimentation technique, the advantages of a very quick 
space and operation time and an efficient separation of sludge which settles very difficult. In a first phase, simple sedimentation 
experiments were designed to obtain a uniform magnetic field. By adjusting the electric current, the magnetic induction 
reaches values between 0.03 and 0.3 Tesla, allowing the use of permanent magnets. In a small aeration tank, magnetic seed 
particles were added to the aei ated bacteriological sludge. It has been pointed out that these particles, magnetite or reduced 
iron, physically adsorb the biological floes and that bacteriological growth on these seed particles occurs. 
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The laboratory scale tests indicated that magnetosedimentation is possible, that the sedimentation rate can be enhanced so 
that complete solid-liquid separation is obtained within ten minutes, and that the degree of sludge thickening increases by 
about 50 "„. Dynamic filtration tests have then been earned out to demonstrate continuous electromagnetic dcrivativing of 
biological sludge, fed with magnetic particles. Until now it appeared that a simple tubing system has only a very short 
operation time. Longer operation times have been obtained with a more sophisticated plan parallel typ - configuration. 

By magnetosedimentation, the biological sludge could be dewatered at least to the same degree as in the municipal sewage 
treatment plant, from which the sludge was collected. 

A parametric study has now been started to get more information on the forces and the phenomena governing the system. 
Thus a basis for correct dimensioning and effective operation will be gained in the near future. At the moment it can be 
concluded that the magnetic separator built by SCK/CEN. is an excellent alternative for the standard sedimentation tank in 
municipal waste water treatment plants. 

A semi-pilot may be built in 19S5. 

Chemical sludges can be dewatered in a way similar to the magnetosedimentation of biological sludge. In this investigation 
chemical waste waters of the SCK/CEN waste water treatment facility have been used. In a first step it became clear that 
the magnetosedimentation rate for chemical sludge differs from the one obtained with bacteriological sludge. During the 
development work, it became possible to produce magnetic ferrites in such a way that the radioactive contaminants could 
be removed by this method. More in-depth characterization of the liquid waste water and its sludge is needed to achieve a 
total a, B, ^decontamination factor such as obtained now by the present approach. In 1985 the use of superconductive 
magnets will be evaluated for radioactive sludge dewatering. 

6.1.3.2. Sludge freezing 
(A. Ftseur, G. Van Roosbroeck) 

A literature study and a technological process analysis have been started on sludge freezing, in order to check if an energetic 
optimization of sludge treatment by freezing is economically and technologically feasible. 

6.1.4. SOLID WASTE 
(G. Spaepen, L. Baetslé, A. Joosten) 

The SCK/CEN efforts were continued along the same lines and in accordance with its particular position, as mentioned in 
the waste disposal act of July 2, 1981. 

The main efforts were further devoted to activities in the framework of the contract with OVAM (Openbare Vlaamse 
Afvalstoffenmaatschappij) covering laboratory analyses, R & D work and a solid waste data bank. 

Technical and administrative discussions were continued with OVAM, GIMV (Gewestelijke Investeringsmaatschappij voor 
Vlaanderen) and candidates from the chemical industry in order to create in 1985 INDAVER, a centre for treatment and 
disposal of industrial and hazardous wastes in Antwerpen. 

Between SCK/CEN and the Ministry of Economic Affairs a contract was concluded covering the design, construction and 
demonstration of a high temperature incinerator for destruction of special toxic waste. 

6.1.4.1. Reference laboratory for solid waste 
(H. Peperstraete, i. Vandmteene, P. Ceuzens, V. Corthouts, R. Defré, A. Bonne, T. Zeevaert) 

In view of the fact that SCK/CEN is certified as the only reference laboratory (Warrant April 21, 1982 of the Flemish 
Government) for solid waste and its environmental impact, different activities were carried out ; this consisted in the proper 
reference work and, on the other hand, in control analyses at the request of OVAM or other authorities. 

At the request of OVAM, the reference work, related experiments and reference analyses have been focussed on the following 
subjects. 
- Development of approved methods for separation and determination of organic components in liquid and solid wastes. 
Recommended procedures were completed on phenol and phenolic hydrocarbons, polychlorinated biphenyls, polyaromatic 
hydrocarbons and organochlorinatcd pesticides. 
- Proposal of suitable directives concerning emission measurements in exhaust gases of municipal incinerators and burn-out 
quality. Final reports of recommended procedures or method.' were drafted. 
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TABLE 6.1.4 1. 
Chemical analyses carried out in 1984 for OVAM 

Wet chemical analyses 
Ion chromatography 
Calorimetry 
Inductively coupled 
plasma torch (ICP) 
Homeless atomic 
absorption (AAS) 
Elemental analyses 
Gaschromatography 
GC MS identification 

Control analyses 

Number of 
samples 

430 
379 
51 
226 

71 

49 
135 
20 

Number of 
determinations 

1290 
1895 
51 
3616 

213 

98 
405 
60 

R & D analyses 

Number of 
• samples 

167 
153 
15 
45 

15 

15 
40 
6 

Number of 
determinations 

700 
765 
15 
720 

45 

45 
120 
IS 

- Development of leaching tests in order to recommend a generalized applicable laboratory test for industrial wastes. As an 
initial step in the development of a standard protocol for leachate generation, a survey of the existing extraction methods 
for assessment of leachate was carried out. Four different proposals were carried out: these tests yield information regarding 
the equilibrium concentration of the important constituants, the total amount of each constituant available for leaching and 
related toxicity aspects. 
- Establishment of appropriate procedures for sampling of deep groundwater and preservation techniques: these pr<Kcdures 
were adapted for the analysis of organic materials in groundwater samples. 
- Examination of the applications for certification of laboratories. Technical evaluations were performed in order to award 
the label of "Certified laboratory- for solid waste and its environmental impact - to 16 candidate laboratories. I ' p to now 14 
laboratories obtained the label (5 private. 4 provincial. 5 universities). 

The laboratory provided for OVAM control measurements on 430 samples for different purposes relating to surveillance of 
waste sites or waste treatment and specific measurements on 167 samples for R & D purposes. These chemical and physico-
chemical determinations and techniques or instrumentations are listed in Table 6.1.4.1. 

The total of 597 samples included : soil samples (99). waste waters (59). surface waters (162). spent oil samples (48) oil 
bottoms (23). polymer sludge (7). petrochemical waste (4). incinerator emissions (4). out hum samples (#). ashes (8). painting 
sludge (13). sewer sludge (88). plastic (3). RDF (2). miscellaneous (69). 

On behalf of the constructor, a detailed global study was carried out on the IVNWI. incir.cra'or for domestic waste at 
Houthalen. These acceptance and environmental measurements resulted in adaptations of the electrostatic filtration and 
scrubbing unit. 

The existing laboratory equipment has further been adapted to the generalized use of microprocessors The laboratory has 
been further equipped with advanced equipment such as liquid chromatography with L'.V. detector and an apparatus for 
measurement of the organic chlorine content in liquid and solid wastes. 

6.1.4.2. R A D work 
(P. Geazci». R. Leys*», R. Proost, Ph. Venaeirm, A. BOMK. J. Pity m 

The R & D efforts in 1984 were continued on several topics such as : 
. field investigation on black points: 
. electrolytic treatment of spent acid: 
. leachability of wastes; 
. sampling campaign of domestic refuse. 

The field investigation on black points was concentrated on the evaluation of the environmental impact of an industrial waste 
disposal and on acid lagoons. Representative groundwater samples from monitoring wells were collected. Directly in the field, 
some physico-chemical analyses such as pH, Eh. conductivity, alkalinity and oxygen were performed, because many of these 
critical parameters are modified when the water sample comes in contact with air or when during the pumping a loss of CO. 
by decompression occurs. 
On the basis of the results of specific chemical analysis on wastes, feachatcs and water samples and simulation of hydrologtcal 
patterns with an analog model, the direct environmental influences were evidenced. 
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The electrolytic treatment of spent acid from the TiO. production was studied un laboratory scale. Chemical and petrochemical 
experiments were performed; potyantimomc acid-polysulfone membranes having appropriate anion exchanging capacity and 
a guuû ihcûiiCji siàbiuty hâve been prepared in order :s investigate the reduction of the S M K vslsane 2nd H> deliver valuable 
byproducts such as H:. 0 : and concentrated sulphuric acid. The results of the membrane diffusion tests under low electrical 
tension showed in the anolyte the expected sulphate concentration but the Fe-diffusion phenomena to the anoiytc side of the 
cell appeared insufficiently suppressed. 

The leaching tests of wastes intend to give an answer about the potential environmental hazard of a particular waste or to 
predict its behaviour on a disposal site. This stage of testing involves generation of a leachate from a waste in the laboratory, 
in a manner which is to be consistent with those natural or chemical processes which occur in a disposal site, together with 
a subsequent evaluation of this leachatc 

It should be mentioned that the proposed leaching procedures cover the general problem of teachability, but more specific 
experiments for upscaling the leaching phenomena in site-specific circumstances are necessary. The particular wastes choosen 
for this study are gypsum, fly ash and pyrite residues. 

The aim of the sampling campaign of domestic refuse is the examination of possible significant differences in quantity and 
composition of refuse during the various seasons of the year due to socio-economic factors. Information on the quantity and 
composition of domestic refuse generated in a particular municipality is required for planning and evaluating alternative 
schemes such as the assessment of the potential for recycling. It was pointed out that a sample size of 200 is required to 
achieve a standard error of 10 "„ about the mean for a population of between 4.00J) and 70.1)01). 

The survey for the winter season in four localities with different socio-economic population was carried "ut. Samples were 
collected directly from the refuse bins prior to the municipal collection. F.ach sample was sorted manually into 25 categories 
and sent to the laboratory for analysis of the composition. 

• J . 4 3 . SalaJ waste feta baak 
IC. Ftatntrattet 

These supporting activities for OVAM concerned mainly computer services, mathematical analyses and technical advice. 

- Computer services included both hardware and software services in particular : 
. programming and maintenance of systems for data acquisition and processing: 
. storage and retrieval of technical and administrative data concerning industrial and hospital waste production and treatment: 
. assistance with the conversion to a new national structured query language (SQL) data system replacing the query by 
example (QBE) system. 

The mathematical analysis mainly consisted of modelling for simulation problems related to transportation, to analysis of 
production data and to statistic and cartographic applications on industrial and hospital wastes. 

Technical advice and assistance was given in order to propose an independent and integrated computer system for technical 
and administrative purposes. An evaluation has been made of the extension of the existing data bases and their internal 
relationship. The installation of this OVAM computer is scheduled for 1986. 

The solid waste data base was further used for the surveillance by OVAM of waste handling and treatment including 
environmental impact evaluation. In 1984 the data base also provided basic information support for the preliminary plan for 
the management of industrial waste in the Flemish Region. 

6.1.4.4. Slamkn iaciacrahwi of toxic waste 
(H. Vaatraaut. M. Klein. L. VM Smhwrfi. » . COOSMMI 

In the framework of a contract with the Ministry of Economic Affairs an incinerator for the treatment of toxic and hazardous 
industrial waste incinerator has to be constructed. The central part of the installation is a high-temperature slagging incinerator, 
working at 1300 to 1500'C. resulting in a highly efficient destruction of toxic waste material. This incinerator will be a scalcd-
up version of the incinerator in use at SCK CEN for the combustion of radioactive waste. Other parts of the installation arc 
the devices for the pretreatment of waste, for the purification of the off-gases, for the discharge of glas formed, and a storage 
area for untreated waste, slag and secondary waste. A detailed conceptual study of this installation has been started. The 
planning includes draft studies and project design to be carried out in 1985. with construction and assembling of the installation 
in 1986 

The start-up of the incinerator in 1987 is associated with a detailed investigation programme covering presentment of 
hazardous wastes, feeding facilities for liquid and slurry wastes, energy recovery and furnace tests. This start-up period is 
scheduled to take about 24 months. 
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6.2. ENERGY 

éJLl. ENERGY CONSERVATION 
iG. Spaepea) 

4.2.I.I. Eaergv • • * ! • % 
iH. Yaa dea Berth. P. De Bwdu J. Dr Decker. P. Dirvca. J . H C H M M . W. Sckietccatte. G. Wooers) 

The energy auditing scheme under auspices of DEB SCE has been continued. During 1984. 197 busaudits were carried out. 
the bus being on the road five days a week until August, four days a week later on. This decrease was asked for by the 
Ministry. In September, a demonstration visit was made to Kassei (FRG) as part of the setting up of a bus audit system in 
the state of Hessen. 

The 500th audit was carried out on November 20th. 1984 

The average savings potential turns out to be about 10 *. of tbr apnual energy consumption of the firms. This average is 
lower than found in the earlier scries of audits. Obviously the important energy spending companies were earlier motivated 
to apply for an audit and were audited in an early stage, while now other firms having a lower energy saving potential are 
applying. Another reason may be that the saving potential is now evaluated with much more certainty. However, in addition 
to the calculated potentials, other possible savings have to be added, which cannot be calculated quantitatively for various 
reasons, but nevertheless lead to substantia] savings and rationalization. Hence, general saving potential of 15 *„ may be 
assumed. 

TABLE 6.2.1.1. 
Average energy consumption and savings IB Fyear) 

Average energy saving for Calculated Identified but Total 
projects during the audit not calculated 

- realized or under construction 285.500 266.000 552.000 
- under study (accounted for 353.500 9.000 362.000 
75% 

Gross total energy saving 
Average energy consumption 

Efforts for software development for the bus have been increased since the second computer was installed, the first being at 
work in the bus and not available for development work. The existing programmes were adapted to the experiences of the 
bus crews and users' wishes. The insulation programme has been completely revised. 

Four new programmes have been written and are operational to evaluate energy saving potential associated with : 
- boiler efficiencies: 
- compressed air; 
- exhaust air moisture: 
- electric workfactor. 

These programmes are more technical than most original programmes, require more inputs and are suited for a more extended 
audit work. 

A very important task was the foiiow-up analysis, carried out to evaluate the results from previous audits. A sample of the 
audits carried out before 1st July. 1983 was taken and these companies were visited to check whether the advices given have 
been realized. 

Table 6.2.1.1. gives the results as energy savings in BF year resulting from advised projects. Distinction has been made 
between projects which where calculated during the audit and projects which resulted from qualitative advice only: also 
between projects which are realized or under construction after I to 1.5 year and projects which are still under study. Of 
the latter, only 75 °„ w e r* brought into account, assuming that one quarter of such projects are finally not realized. 

914.000 
17.000.000 
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Important conclusions are that the average saving amounts to about 1 M BF and the fact that advices (both calculated and 
qualitative) are considered very seriously when profitability is L -ar, or left aside, further studies being seldomly done. Many 
other interesting aspects were evidenced by the follow-up with regard to : 
- the responsibility of the energy manager; 
- the reasons for not realizing some projects; 
- the necessary investments; 
- the studies that had been carried out; 
- various suggestions and remarks. 

The energy bus audits will continue in 1985. More detailed calculations become possible because of better programmes. Also, 
more attention will be given to process aspects, mainly by grouping the audits in sectorial or subsectorial series. 

6.2.1.2. Energy mĉ wTCaients and sectorial analyses 
(H. Van den Bcrgh. W. Schietccatte, P. De Boeck. E. Kuppens} 

6.2.1.2.1. The forgeing sector 

A measurement campaign was carried out in the forgeing sector in the framework of the DPWB/SPPS. SCK/CEN's task 
was to do the measurement work and the setting-up of first energy balances. A team of the U.C.Louvain has carried out the 
analysis. Measurements were carried out on 22 furnaces, divided irto four categories : 
- gas or oil heating; 
- induction heating; 
- electric resistance heating; 
- furnaces for thermal treatment, all gas fired. 

Important differences in energy efficiency have been noticed, the effect of recuperative heat exchangers has been checked 
and the financial balance of induction heating versus gas or oil heating could be made up. Energy efficiency is highly influenced 
by the load of the installation. In two cases, heating the same pieces by gas heating and by induction heating was compared. 
The energy consumption expressed in Joules, is of course lower for the induction heating, but the cost was exactly the same 
in both cases when installations are running at full load. At lower load, the specific energy consumption remains constant 
for induction heating, but increases rapidly for gas heating. 

6 2.1.2.2. The diary sector 

The sectorial analysis in the diary sector has started, in co-operation with the "Rijkszuiveistation", within the framework of 
the National Energy R&D programme of DPWB/SPPS. Representatives from each subsector (liquid milk, cheese, milk powder 
and fresh products) have indicated the remaining problems which were not solved by earlier studies in other countries. These 
bottle-necks will be measured and analysed in the present programme. 

Most important points concern : 
- liquid milk : energy balances of sterilizer, direct UHT and indirect UHT and bottle washing machines; 
- cheese : waste heat consumption and riping space requirements; 
- milk powder : energy balances of concentrators, dryers and mechanical vapour recompression; 
- fresh products : cooling; 
- general : regenerative effect of pasteurisers and energy consumption for cleaning. 

Work has started on the liquid milk subsector. Interesting figures have been obtained about the different sterilizing systems 
and important differences (factors 1 to 4) of (high) energy consumption of bottle washers have been noticed, due to their 
design. 

The regenerative effects of pasteurizers and sterilizers are not always calculated and vary during a running cycle. Moreover, 
the terrr "regenerative effect* well be defined before discussing or interpreting data from different sources. 

The energy consumption of CIFs depends on the tank station efficiency, the discipline in following the right procedures and 
the percentage of lost water. 

Normal energy consumption for cleaning a milk transporter is about 50 kg steam, but the double quantity is not uncommon, 
due to poor o^ration. 

Apart from the measurement programmes, some information programmes are running, e.g. with regard to savings by steam 
"generators", new apparatus, etc. 

The progress reports are property of the milk federations and of the DPWB/SPPS. Further information can be provided with 
the consent of these instances. 
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6.2.1.3. EXODUS : Economic study of energy exchange opportunities in industrial sites 
(G. Wouters, J. Hermans, W. Wegener) 

The aim of the CEC-contract is to develop a general applicable mode! for the economical evaluation of potential energy 
exchanges between factories in existing industrial sites. The model is intended to be used either by local and regional authorities 
or by private companies in order to identify and evaluate energy exchange or integration projects Although micro-economic 
benefits are the primary evaluation criterion of the model, secondary effects such as savings of primary energy, effects on 
balance of payments and capital investments are being evaluated too. 

The mathematical model called EXODUS contains essentially three parts : a simulation, an analysis and a synthesis module. 
The simulation part calculates intensities, annual consumptions and discounted energy and total costs for a given energy use 
configuration. The simulation makes extensive use of a library of process functions, each function represents a standar lized 
energy conversion or recuperation unit. The analysis module identifies energy exchanges or integration opportunities and 
calculates potential energy savings. Finally the synthesis part calculates capital costs and micro and macro economic effects 
of identified exchange opportunities. In the synthesis part also dynamic evolutions of energy consumptions or programmed 
introduction of energy integration projects can be evaluated. 

Programmation of the three main parts of the model has been completed. Data collection for two test sites has been continued. 
Simulation calculations have been completed for two factories of the Mol-Donk site and for four factories of the Mechelen-
Zuid site. Data collection and modelling of the other factories is being continued. The number of available process functions 
is increasing gradually with data collection to allow simulation of all kinds of industrial energy use equipments. For the 
moment being, 25 different process functions are available to simulate different energy conversion, recuperation and end use 
units. 

6.2.2. ELECTROCHEMICAL PROCESSES 

6.2.2.1. Hydrogen 

Based on the projected make-up of Belgian energy supplies, particularly the large nuclear component, the electrolysis of water 
is considered to be the most suitable method for hydrogen production from non-fossil sources. With advanced electroiysers 
it will be possible, in certain conditions, to produce hydrogen which will be cheaper than that produced by steam reforming 
of natural gas. 

In order to minimize the hydrogen production cost, the efficiency of electrical energy use and capital utilization are the two 
major parameters to be optimized. In elf-tmlyser cell design, these parameters can be translated into reducing cell voltage 
and increasing current density, respectively, with the additional requirement of long life-time for components. 

To realize these goals, public funded programmes were set up in Canada, the European countries, Japan and the U.S.A. 
Much of this work is performed as national contributions to an International Energy Agency agreement for research and 
development on the production of hydrogen from water. 

The main consumer of pure hydrogen is the chemical industry, which uses it as a raw material to manufacture a broad range 
of products, e.g. from plastics to fertilizers. Another major consumer of hydrogen is the petroleum refining industry, where 
it is used to upgrade oils, i.e, increase the ratio of hydrogen to carbon. In addition to its use as a chemical feedstock, pure 
hydrogen is also an attractive fuel because it has the highest energy density per unit weight of any chemical fuel and because 
virtually the only by-product of its combustion in air is water. 

The Belgian research programme, aiming at the development of a new concept of alkaline water electrolysis, has been 
continued since 1976, under the auspices of the Commission of the European Communities in the framework of their Indirect 
Energy R&D programme, sub-programme Hydrogen (contract no : EHB-032-023-B). 

As a result of the successful laboratory research, prototype electroiysers, with a hydrogen production rate up to 25 Nm'.h', 
were built in collaboration with Belgian industries 

These advanced alkaline water electroiysers are based on the new concept, named Inorganic-Membrane-Electrolyte (IME) 
technology. 

The IME-technology uses a patented separator and catalytically activated electrodes, pressed against the separator. Hydrogen 
is produced under pressure (0.5-4.0 MPa) at current densities up to 12,500 Am2 and temperatures not exceeding 120^. 

Circular cells (surface area up to 0.2 m:) are assembled in a filter-press type manner. 
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6.2.2.1.1. R&D on advanced electrolysis technology 

(D. Van der Eecken, R. Leysen, R. Ic-neKssen, R. Deknock, W. Doyen, G. Geboers, R. Proost, Ph. Vermeiren) 

Performances of bipolar electrolysis muitictlls (5 to f>0 unit cell» connected in sene-) were invest:-ated. 

Hydrogen gas is produced ?* 0.5 MPa with a purity of 99.9 vol J
0. 

Since 100 °0 Coulombic efficiency has been measured in these multicell stacks, the electric power consumption per normal 
cubic mete- hydrogen is given in Table 6.2.2.1.1. as a func'ion of current density at 90°C and 120°C. 

TABLE 6.2.2.1.1. 
Electric power consumption per Am' hydrogen as a function of 

current density at 90°C and 120°C 

Current density (Am2) Electric power consumption per 
Nm' hydrogen* 

at 90°C at 120°C 

2,000 
4,000 
6,000 
8.000 
10,000 

3.81 
4.03 
4.22 
4.32 
4.43 

3.65 
3.81 
3.94 
4.07 
4.17 

* Minimal electric power consumption referred to the thermo-neutral voltage of 

1.48 V. equals 1544 kWh 

6.2.2.1.2. Industrial collaboration 
(H. Vandenborre, P. Van der Eecken, J. Piepers*, W. Schnurnberger**, W. Smets***, L. De Cooman*, G. Geboers) 

• N.V. Bekaert 

** DFVLR, Germany 

*"• N.V. Elektrische Nijverheidsinslallatics, FNI, Aartselaar 

As a result of the R&D efforts in the field of electrolytic production of hydrogen. Jifferent collaborations have been set up 
with industries. Since 1981 an association named COBELCON (Consortium vr.i Belgische ELectrolyseurs CONstructeurs) 
has been formed with N.V. Bekaert, N.V. Boomse Metaalwerken and SCK/CEN as partners. Due to the bankruptcy of N.V. 
Boomse Metaalwerken, the association was continued till 1983 with N.V. Bekaert and SCK/CEN. 
Since the initial goal set of COBELCON has been reached, t' e association has been ended at December 31, 1984. 

As fall out, the experience gained during the last few years in alkaline water electrolysis has resulted in contract work with 
the Belgian firm N.V. Elektrische Nijverheidsinstallaties (ENI), and the German Deutsche Forschungs und Versuchsanstalt 
für Lnft-und Raumfart e,v., (DFVLR). An electrolysis stack has been successfully tested for several months now at their 
laboratories in Stuttgart. 

Screening tests have been realized in collaboration with AKZO (NL), in order to substitute the asbestos diaphragm, currently 
used in chlor-alkali cells, for a zirconiumoxide-teflon diaphragm. It is the intention to introduce a 4 years programme within 
the framework of the Brite-Programme of the Commission of th<. European Communities. 
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COBELCON 
(H. Nickaerts G. Geboers, E. Backx*, L. De Cooman*, J. Piepers*) 

* N V Brtart . Antwerpen 

A pilot plant electrolyser has been realised and is operating since the end of 1983. The multicell stack is based on 1ME-
Technology and the electrolysis loop is a complete dual gas generating system, capable of fully automatic operation for 
extended time periods. The plant is designed to operate up to 120"C and 0.5 MPa pressure, with a hydrogen production rate 
of 25 Nm' per hour. 

Collaboration with ENI 
<R. Deknock, W. Smets*. P. Van Hal*) 

• E N I . Aartselaar 

In the framework of the Gensun-C-50 association which envisages the electrolytic hydrogen production by means of photovoltaic 
energy conversion, a collaboration has been set up between ENI and SCK/CEN in order to develop a low cost-high efficient 
water electrolyser. 

It combines the use of high efficient multicell stack performance based on IME-Techno'ogy, with an easy to handle and low 
cost peripherical equipment. In that respect, the multicell stack has been realized to work without external heat exchange 
and without forced electrolyte convection. Tubes, valves and gas separators were made of plastic material in order to reduce 
the capital cost of the electrolyser. Hydrogen is produced at atmospheric pressure. 

The electrolyser became operational by the end of 1982 and is working on-site since mid-1983 in Hoboken at N.V. Metallurgie 
Hoboken-Overpelt. 

Collaboration with SODETEG 
(R. Leysen, Ph. VenüerreR, T. Menner*, M. Roux*) 

• SODETEG 

A collaboration with Sodeteg has been set up, with the aim of developing a diaphragm to be used in medium temperature 
(160-200°C) advanced water electrolysis. The R&D is directed towards the production of a diaphragm which introduces lower 
voltage losses in an electrolysis cell than commercially available asbestos diaphragms. The diaphragms should withstand 
concentrated KOH solutions (30 wt /„) up to 160-200°C under electrolysis conditions. 

The last tested generation of diaphragms reveal an excellent value for the resistance of 0.17 flcm3 for 4,000 hours at 160°C 
and 10,000 Am1. These diaphragms are based on Zirconiumoxide-Polytetrafluorethylene (tradename ZIRCOFLON). 

Commercially attractive dimensions (50x50 cm2) have been realised, where the thickness, density and porosity were not 
affected by the upscaling. 

Collaboration with DFVLR 
(R. Cornelissen, W. Schnurnberger*) 

• DFVLR, Stuttgart 

At the end of 1983, a collaboration has been set up with DFVLR in order to test the IME-Technology in their solar 
electrochemical energy conversion system. In that respect a laboratory scale 3-cell-stack is under test in Stuttgart at DFVLR. 

6.2.2.1.3. Assessment studies 
(Ph. Van Asbroeck, J. Pelsmaekers, R. Leysen, H. Nackaerts, H. Vandenborre) 

A technico-economic analysis was performed to quantify the cost of hydrogen as a function of design parameters such as 
module cost and module performance capability. Under this analysis, a detailed cost estimate of an installed 1 MW water 
electrolysis multicell stack was completed, based on current technology and a mature production level. 

Especially due to the use of electrocatalysts based on non-noble metals and a membrane, the cost of which is comparable 
with industrial asbestos diaphragms, the newly developed IME-Technology is about 50 % less expensive compared to other 
advanced systems, as e.g. the Solid Polymer Electrolyte (S.P.E.)- Technology developed by General Electric Company, U.S.A. 
Cost figures for hydrogen as a function of different electricity prices are given in Table 6.2.2.1.3. 
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TABLE 6.2.2.1.3. 
Hydrogen costs for a I MW electrolyser at optimal parameters of temperature and current density for the 

IME-Technology 

Electricity price Optimal parameter values Hydrogen costs $ (1980)/kg 

$ (1980)/kWh module current density capital power operating total 
temperature "CAm2 

0.00 
0.01 
0.02 
0.03 
0.04 
0.05 
0.06 
0.07 
0.08 

100 
100 
100 
120 
120 
120 
120 
120 
120 

10,000 
10,000 
9,0PJ 
8,030 
7,030 
7,000 
6,000 
6,000 
6,000 

0.256 
0.256 
0.266 
0.310 
0.331 
0.331 
0.359 
0.359 
0.359 

0.000 
0.534 
1.053 
1.519 
2.003 
2.498 
2.973 
3.468 
3.964 

0.166 
0.166 
0.167 

o.u: 
0.186 
0.186 
0.192 
0.192 
0.192 

0.422 
0.956 
1.486 
2.011 
2.519 
3.020 
3.523 
4.019 
4.514 

Depending on the electricity prices (pE, the optimum operational parameters (temperature, current density) change from 
100°C, 10,000 Am2 for pE= 0.01 $ (1980)/kWh towards 120°C, 6,000 Am2 for pF< 0.06 S (1980)/kWh. 

Table 6.2.2.1.3. shows very clearly the strong influence of the electricity price on the optimal design and technical input 
parameters. This means that the electricity price is an important factor to be taken into account when designing electrolysers 
for optimal conditions. 

The choice of the optimal investment reflects a balance between investment associated cost and power cost; the optimum 
being reached when an increase of investment associated cost corresponds to a decrease of power cost of the same absolute 
amount. 

6.2.2.2. ELENCO fuel cell programme 
(H. Van den Broeck, C. Van Bogaert, A. tflanchart, W. Doyen, R. Harnie, F. Vlasselaer*, L. Vernweren*) 

* ELENCO N.V. 

ELENCO N.V. is an incorporated company, set up in 1976 by SCK/CEN and two industrial partners, Bckaert (Belgium) 
and DSM (the Netherlands). After seven years of research and development, ELENCO N.V. started in 1983 its efforts to 
commercialize its alkaline hydrogen-air fuel cell, in the same time continuing further technical development and product 
improvement work. An important part of this work is subcontracted to SCK/CEN, the results obtained, however, being the 
industrial property of ELENCO N.V. and hence not being published nor reported by SCK/CEN. Therefore the present 
contribution is limited to a short review. 

In 1984 ELENCO N.V. itself has continued its efforts to negotiate contracts with both end users and industrial system 
constructors, who can use fuel cells as components in their systems. This has led to a couple of contracts with a Dutch 
company, HOLEC, aiming at two different types of defence applications. Furthermore, a study contract was signed with the 
European Space Agency (ESA, Noordwijk, the Netherlands). Finally, some interesting new contracts were established, leading 
to negotiations from which may evolve new contracts in 1985. 

SCK/CEN's technical work for ELENCO has been related to the following aspects. 

- Design of the 40 kW fuel cell system which the Belgian Ministry of Economic Affairs, ordered to ELENCO N.V. for 
utilization by its Geologic? ' Service as a mobile power source; this design work neared its completion at the end of 1984, 
the construction being planned for 1985 and the start of the operation for 1986. 

- Transfer of the automated electrode manufacturing pilot plant from the Bekaert plant, where it was developed, to a new 
ELENCO-building in Mol, where it has been rebuilt, including adaptations e.g. on the electric circuitry. Regular operation is 
to be resumed early in 1985. 

- Further supporting electrochemical tests on ELENCO's test benches, including fuel cell module tcsis under various operating 
conditions and adaptation work to ELENCO's Volkswagen van, equipped with a fuel cell basée eltetric traction system. 
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For ELENCO"s contract with ESA, an important contribution has been given by SCK/CEN to the technical assessment of 
the potential of ELENCO's fuei ceii for space applications, and in particular to the technical improvements or adaptations 
required in that respect. ELENCO presented its final report to ESA in December 1984. 

6.2.2.3. New dectrodMMical work 
(G. Spaepea, A. Blaackart, R. Leysea) 

6.2.2.3.1. Low-cost rolled nickel electrodes 
(A. Blaacaart, C. Va* der Poortea) 

The rolling process as described in the 1983 annual report has been applied to commercially attractive electrodes. This 
process has several advantages : it is a completely dry process at room temperature and is adapted to an existing production 
line. Several electrode types were manufactured and tested; a good reproducibility was obtained. 

A typical result is as follows : 
- thickness : 1 mm; 
- active material : 40 wt.",,; 
- measured capacities : 200 mAhcm ' and 71 mAh.g'; 
- NHOHf-efficiency : 86 \ . 

Fig. 6.2.2.3.1. shows the results of a cyclic tec' according to the IEC norms. 

0 40 80 120 16B 200 240 280 320 360 400 

CYCLES 

Fix. 6.2.2 J.1. Rolled Si-electrode : cvclic test according tn IEC norms. 

6.2.2.3.2. Electrochemical impregnation by Ni(OH)2 

(A. Blancnart, C. Van der Poorten) 

This type of impregnation is attractive for manufacturing higher specific energy and longer life nickel electrodes. Most of the 
early development work was done in the United States. 

After studying the classical cathodic deposition process, an alternative technique has been demonstrated at laboratory scale. 
The main improvement is on the electronic conductivity, as well as in the active mass within the electrode pores and in the 
structure itself. The method is particularly suited for the impregnation of all types of graphite felts to obtain a nickel composite 
electrode. 

6.2.2.3.3. High performance Ni-electrodes 
(A. Blanchart, C. Van der Poorten) 

Based on a special high porosity nickel support and applying the electrochemical impregnation technique described above, 
high-quality electrodes were obtained. 
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Typical characteristics are as follows : 
- porous nickel support : up to 85 % open porosity; 
- electrode thickness : up to 6 mm; 
- measured capacity : 310 mAh.cm' and 106 mAh.g'-; 
• NHOHJ» efficiency : 85 %. 

Fig. 6.2.2.3.3. shows the rrsults of a cyclic test according to the IEC norms. 
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Fig. 6.2.2.3.3. High performance electrodes : cyclic lest according to IEC normes. 

6.2.2.3.4. The use of a slurry electrode for electrochemical etching 
(R. Craps, C. Vaa «1er Poortca) 

A promising alternative for the classical chemical and the electrochemical etching is the etching with a slurry or dispersion 
electrode. The etched metal can be recovered in the etching unit itself. There are no environmental problems and the ohmic 
losses are minimized. 
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Fig. 6.2.2.3.4. Basic principles of the electrochemical etching with a slurry electrode. 
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The process, described in Fig. 6.2.2.3.4., operates with a permanent electrolyte solution, in which a high concentration of 
active carbon particles is suspended. These particles are positively charged by contact with an anode and are transported to 
the etching room. Here the particles are brought into contact with an etching board. They are discharged and a certain 
amount of copper ions are circulated to the electrolysis ceil. The particles are recharged at the cathode. The process of 
charging-discharging starts again. A system v ith a dispersion electrode has been designed, built and has been made operational. 
Experiments showed that charge-transfer and charge-transport by suspended particles in an electrolyte is possible. The amount 
of active carbon particles present in the electrolyte is very important. 

6.2.2.3.5. The chlor-alkali electrolysis 
(R. Leysen, W. Adrfcnsens, Ph. Vermeireni 

As mentioned in the 1983 annual report, our "classical type* of zirconium-oxide Teflon diaphragm lacked mechanical strength 
in order to be used in the chlor-alkali elektrolysis. We have therefore strengthened this diaphragm by means of a metal 
screen. Experimental results obtained with such diaphragms, however, indicated an electrolyte permeability which has dropped 
below the acceptable limit. As a consequence, we had to increase the overall porosity of the diaphragms by introducing an 
additional pore former during the preparation of the diaphragms. Experiments carried out with such diaphragms in 4 cm-
cells show good results. Under chlor-alkali electrolysis conditions (current density - 250 mAcm-2 ; temperature - 85'C: 
anolyte concentration = 25 wt.°0 NaCl; catholyte concentration - 10 wt.% NaOH). the electrolyte flow through the diaphragm 
was sufficient and remained constant for at least 1000 hours. The current efficiency of the cell reaches about 95 °„. 

One of the difficulties of such metal strengthened diaphragms was the corrosion of the metal screen, especially at current 
interruptions. In order to avoid these problems, we have been working on increasing the mechanical strength of a zirconium 
oxide-Teflon diaphragm itself by an appropriate sintering step. The mechanical strength of such a diaphragm seems to be 
high enough so that strengthening by means of a metal screen is no longer necessary. 

The development of such sintered diaphragm requires also a removable filler material which is stable up to temperatures of 
about 350°C (sintering step). 
This filler material will then be removed afterwards by leaching in a chemical solution. 

Experiments carried out with such diaphragms in small-scale chlor-alkali electrolysis cells give good results, with current 
efficiencies of about 90-95 % for an extended period of time. The reproducibility for several 4 cm2 diaphragm samples was 
checked and found to be satisfactory. Measurements at AKZO, the Netherlands, in electrolysis cells with a geometric surface 
area of 100 cm2 are being prepared. 

6.2.2.3.6. Electrochemical displays 
(R. Leysen, Ph. Vermeiren, W. Doyen) 

Research in the field of electrochemical displays has been started in the second half of 1984 under contract with the -Vlaamse 
Executieve". Up to now, the work has been focussed on a literature and patent survey and on exploratorary research with 
polyantimonic acid as the solid ionic conductor. 

From the literature survey, it became clear that already a large number of patents in the field of electrochromic devices 
exists. Most of these patents have been taken by electronics companies, especially from Japan. Although several systems 
have been put forward, there seems to be no major breakthrough. 

The experimental work has been devoted to the demonstration of a display composed of polyantimonic acid as the ionic 
conductor and tungsten oxide as the colouring electrode. The following reaction illustrates the working principle : 

WO, + xH' + ne - H.O, 

colourless blue 

The WO,-films have thicknesses of about thousand Â and were deposited on conducting glass plates by means of a chemical 
vapour deposition technique at the K.U.Leuven. The H*-conducting polyantimonic acid was used either in the form of a 
pressed pellet of about 2 mm thickness or as a thin sheet ( ± 300 urn thickness), whereby the polyantimonic acid grains 
were encapsulated in an organic binder. Using the polyantimonic acid in the form of a pressed pellet between two WO,-
electrodes and the polyantimonic acid, only a few spots of the electrode are in real contact with the proton conductor and 
are becoming coloured. After a few cycles, even these spots disappeared because of cracks in the WOylayers. 

By making a sandwich composed of a thin sheet of polyantimonic acid and two WO,-electrodes, much of the above mentioned 
contact problems could be eliminated. This kind of electrochemical device worked satisfactory for 10,000 cycles with a 
response time, however, which is at the moment too large. The latter may be related to the kind of ionic conduction which 
actually exists in the polyantimonic acid sheet and the degree of humidity inside the polyantimonic acid sheet, which might 
influence the conduction mechanism. If this is the case, side reactions at the WO,-electrodes may occur with a possible 
deterioration of the electrodes. Further investigations are under way to clarify these points. 
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6.2J. SOLAR ENERGY 

6.2.3.1. Tbenaal costcrsios of solar t n c r g 
IP. Vaafcpin. S. HoBdûB. L. Kmmtf. L. Dc Cort' 

The development of high efficiency, double sided collectors and their related heat transfer system was continued. 

The experience gained with the 10 m : collector field installed on the test station has shown that : 
- the heat transfer system based on the evaporation-condensation system gives full satisfaction: 
- no troubles occur with the lightening of the collector housing provided good quality polymers are used: 
- a complete outgassing of the absorber plate and the polymers occurs only after the collectors have reached, several times, 
their maximum equilibrium temperature; 
- leaks appeared at the edges of the h >les in the absorber plate after a few weeks or a few months of thermal cycling. 

Due to the latter technical problem, together with the large investments to be made for obtaining these plates in an adequate 
shape and for their surface treatment, it was 'lecided to look for an alternative to the use of steel plate radiators as an 
absorber plate. 

The new plate consists of an assembly of finned copper pipes. It offers a lot of advantages : 
- as the holes for the supporting points are punched in the fins, there is no risk for leaks: 
- the pipes are soldered with silver which is very reliable from the point of view of tightness; 
- the weight of this plate is half that of the previous one; 
- the internal corrosion of tr ; copper pipes is much lower than for the steel plate absorber; 
- only small investments (pur. h and soldering equipments) are required. 
- the selective layer can be deposited directly on the plate; 
- there is no need for a water drip pipe which can obstruct, improving the reliability of the collectors: 
- the dimensions of the plate can be chosen freely and adapted in a flexible way. 

The black nickel process for obtaining a selective layer has been investigated in detail and a modified process, the so-called 
blue nickel has been worked out. It consists of a double nickel, nickel-zinc sulphide layer on copper. The emissitivity is about 
0.05 and the absorption coefficient 0.92. After heating at 150'C. the absorption drops to 0.82. This ha.% to be improved. 
Chemically and thermally the layer is very stable. 

Moreover, this process offers many advantages, namely : it can be deposited directly on the copper substrate, the necessary 
current densities are very low (0.17dm :). the process is easy to control and very cheap. 

A solar simulator consisting of 104. dichroic miror lamps, and covering an area of 2 m- has been built. A uniform light 
radiation of 400 or 800 W m : can be chosen. This simulator is used to measure the overall charcteristics of the collectors 
such as the transmission-absorption product, the heat loss coefficients and the efficiency as a function of plate temperature. 

The existing computer programme that calculates the thermal behaviour of buildings and the heat output of a solar collector 
field, using the reference data of KMI/1RM. has been implemented and is now fully opérations!. This programme is used to 
calculate the optimal size of the collector field and its heat storage volume for a building. 

The use of high efficiency collectors for absorption cooling and water desalting is under study, in collaboration with the 
"Katholieke Industriële Hogeschool" at Mechelen. 

An ammonia absorption cooling machine of 12 kW has been modified to use hot water at 130V as heat source instead of 
gas. The necessary heat exchanger, hot water generator, pumps and other equipment have been built, or supplied by the 
SCK/CEN. Experiments with this system will be carried out in 1985. 

For the desalting of water using the multiflash process, two stages of such an installation have been built, in order to check 
the correct functioning, the corrosion resistance, etc. In a second step, a twelve stage installation of about 7 kW will be built 
and run with an electrical heat generator. 

As last experimental step, both the absorption cooling machine and the desalting installation will be linked to the hoat storage 
of a solar collector field to be installed on the roof of the solar test .station. 
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6.2.3.2. Direct conversion 
(P. Nagels, M. Denayer, I. de Ruijter', P. Gunst*, D. Haesen*, J. Smeets*) 

• DPWB SPPS 

In order to increase the efficiency of solar cells based on amorphous silicon, different parameters such as the thickness of 
the a-Si layers and the nature of the contacts were systematically investigated. Solar cells with a p-i-n homojunction structure 
reach an efficiency of about 4 '„ now. A further increase in efficiency can be achieved by the use of amorphous silicon carbide 
as a p-type window layer. Thin layers of this material were produced by glow-discharge decomposition of gas mixtures of 
silane methane and silane/ethene. Measurement of the opto-electronic properties of these two types of layers showed that 
the methane-based films are better suited for their use as p-type layer. However, decomposition of methane in a plasma is 
difficult, so that a high CH^/SiH ratio is needed to produce nearly stoichiometric silicon carbide. 

The important effect of size increase of the solar cell was also investigated. A decrease in efficiency on increase of the cell 
area is partly due to the high resistivity of the transparent oxide layer. In order to solve this problem, a method for depositing 
a finger-type pattern using photolithography is being developed now. 

It is well known that the properties of glow-discharge deposited amorphous silicon critically depend on the deposition 
pai ameters. The influence of three of these parameters was systematically examined as a function of the characteristics of 
p-i-n solar cells : deposition temperature, rf input power and thickness of the intrinsic layer. All the cells had the following 
structure : glass/SnO^'p'a-Si/i a-Si/n* a-Si/Al. 

The amorphous silicon layers were deposited on coated glass delivered by Corning and Glaverbcl. 

The deposition temperature was varied between 220° and 275°C. The open-circuit voltage V,*- of the cells showed a slight 
increase up to 240°C followed by a pronounced decrease at higher temperatures. The fill factor and the efficiency exhibited 
the same dependence. The decrease of the cell parameters for deposition temperatures above 240°C was found to arise from 
to an interfacial reaction between the transparent SnO2 layer and the p* a-Si layer. The slight increase in V,^ and fill factor 
for low deposition temperatures is due to the improvement with temperature of the electrical characteristics of the different 
a-Si layers building up the solar cell. 

The influence of the rf power (0.04 to 0.3 W.cm2) on the cell characteristics was examined at three different deposition 
temperatures, i.e. 230, 250 and 270°C, respectively. The lowest rf power (0.40 W.cm2) gave the best results. An increase of 
the power from 0.04 to 0.3 W.cm2 yielded a decrease of the open-circuit voltage by 0.1 V. An acceptable deposition rate and 
good film quality were achieved when the glow-discharge system was operated at an rf power of 0.04 W.cnr2. This condition 
was adopted for all further depositions. 

For studying the thickness dependence on the cell performance, undoped a-Si layers were deposited under the optimized 
conditions. It was found that the open-circuit voltage V w and the short-circuit current Isc of the cell reach maximum values 
for a thickness between 0.5 and 0.6 nm. Outside this region, I s c steeply falls. A qualitative explanation was given by considering 
the contributions of the diffusion current and the drift current to the photocurrent in the solar cell. 

The optimization of the undoped and doped a-Si layers has led to conversion efficiencies of 4 %. This is hopeful compared 
with the results obtained on homojunctions by other research groups. 

Further investigations were devoted to the size effect of the solar cell. It was observed that the efficiency of the a-Si solar 
cells decreases when their size is increased. Two factors which cause this decrease are the inhomogeneity of the silicon films 
and the series resistance of the transparent conductive layer. SnO : coatings deposited by spray pyrolysis have a sheet resistance 
of 10 ohm. Calculations showed that this resistance permits a maximum distance between the metallic electrodes on top of 
the SnO : layer of the order of a few millimeters. Finger-type patterns of metallic contacts deposited by photolithographic 
techniques are now being developed. 

One of the main problems for reaching higher efficiencies is the ineffective light absorption in the p-type layer, due to its 
narrow optical band gap. Remarkable improvements in cell performance have been obtained by other research groups 
employing a-SiC:H as a wide-gap window layer. We carried out an investigation on the optical and electrical properties of 
boron-doped amorphous Si,.,C,films prepared by glow-discharge decomposition of silane (SiH4)-methane (CH4) and silane 
(SiH4)-ethene (C3H4) mixtures. The gas flow ratio was varied with the aim of finding the optimum gas composition for 
depositing films suited for window layers in solar cells. The chemical structure of the films was investigated using infrared 
absorption spectroscopy. The Si/C ratio was determined by Auger electron sp 'roscopy. 

For the same gas phase carbon fraction, C,H4-based films had a much higher carbon content, indicating that Cjff, is more 
easy to decompose in the plasma. However, the infrared absorption spectra revealed that this material consists of islands 
rich in Si or in C. On the contrary, the CH4-based films were found to have an atomic arrangement resembling that of silicon 
carbide. The optical bandgap, dark conductivity and photoconductivity were measured on the two types of films. These 
experiments showed that the CH4-based films had better optoelectronic properties, favouring their use as window layers in 
solar cells. 
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6.2.4. SOLID FUELS 

6.2.4.1. Valorization of waste by RDF 
(P. Vanderstraeten. C. De Braadt, A. Joostea, V. Corthoats) 

Further development is taking place on valorization of the combustible fraction of municipal solid waste (Refuse Derived 
Fuel - RDF) for process heat production. This development has been promoted and carried out by RECYTEC N.V. 
(shareholders : SCK CEN. NIM/SNI. GOM Vlaams Brabant. Gemeentedienst » a n België. DNB OPI and BMI SBI). 

For the production of RDF-fluff, a pilot separation plant is available at the existing shredding plant of the Intercommunale 
Haviland at Meise. The RDF-fluff production process consists of a number of mechanical treatments on the waste : shredding. 
magnetic ferrous scrap removal, zig-zag air classification, screening. 

In 1984. the main activities were concentrated on additioral short-term combustion tests with RDF-fluff. elaboration of a 
feasibility study and set up of a demonstration project on industrial scale for process heat production using RDF-fluff. 

6.2.4.1.1. RDF-fluff combustion tests 

Additional short-term combustion tests with RDF-fluff have been carried out in co-operation with several furnace constructors 
and in different types of furnaces : 
- automatically movable grate furnace (6.3 and 14.7 GJ h); 
- rotary drum furnace (8.4 GJ/h): 
- fluid-zed bed furnace (8.4 GJ/h). 
These tests indicated that 100 °0 RDF-fluff (without mixing with other low grade solid fuels) can be incinerated in dedicated 
RDF-bumer/boiler systems, equipped with extensive off-gas treatment for chlorine and dust removal. 

6.2.4.1.2. Feasibility study of a demonstration project on RDF-fluff incineration for process heat production 

An extensive study has been performed by RECYTEC NY' to investigate the technical and economic feasibility of municipal 
waste disposal with RDF-application. 

The main activities were : 
- a study of candidate industrial users of process heat in the environment of Vilvoorde: 
- elaboration in co-operation with different furnace constructors of a particular design and assessment of corresponding capital 
and operation costs for a 27.6 GJ/h RDF-burner/boiler unit to provide steam to a chemical plant: 
- study of modifications on the RDF production plant at Meise in view of continuous operation on industrial scale by the 
Intercommunale Haviland: 
- examination of possible funding of the project. 

The feasibility study shows that waste disposal with RDF-valorization for process heat production is economically more 
attractive than mass burning of waste on a normal scale used in Belgium (60.000 t y of municipal waste). 

6.2.4.2. Process engineering for solid fuel and coal 
(W. Goossens. P. Heyien, F. Casteels, L. De Wilde, H. Masson*) 

* U.L.Bruxelles 

In association with Kempense Steenkoolmijnen (KS) and semi-public agencies of the province of Limburg, the feasibility 
study of a coal gasifying unit with a nominal throughput of I ton coal per hour has been finished. It appeared that there is 
in Belgium a need for such an experimental project where technical and economic data c m be obtained in order to evaluate 
the gasification features of different domestic coals in comparison to imported coals. A detailed design of the installation 
allowed to evaluate budget prices for the different parts and to define the time schedule for a total construction within a 
period of three years. The cost estimate gave a total investment of 255 MBF plus an additional amount of 75 MBF for 
mounting, safety controls and commissioning. A team of 22 persons could operate this experimental unit planned to he 
constructed at the coal mine site of Eisden. As an example for potential valorization of the gas. the economic prospects of 
the methanol fabrication have been evaluated on different production scales. This exercise showed that methanol from 
domestic coal or coal mixtures can be produced at the actual market price of methanol and that in comparison to the actual 
production cost of motor fuel, the domestic methanol can be produced a lot cheaper on volume or weight basis, but about 
20 ",„ more expensive on calorimetric value basis. This means that the marketing of methanol as motor fuel can only be 
introduced if it is partially supported by a taxation abatement of the motor fuel. This option can be justified on ecological 
grounds since its use would eliminate the lead burden of motor vehicles. The feasibility study indicated that a commercial 
unit with a throughput of 1.4 M ton coal equivalent per year can be put into operation after 7 years. 
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As negotiations ."T fundin? such an experimental project on short-term did not kad to favourable conclusions, further 
development of the ,"ojcct has been stopped. However, with the same partners, negotiations were continued to set up a 
collaboration on the niou. trial development of fluidized bed combustion. KS has transformed a boiler in Beringen by installing 
3 CMI-type fluidized bed combustor of 40 MWlh (about 10 M We), which can be used as a demonstration tool to determine 
the operation conditions for different coal tailings and fractions from the «x.il washing units. In this framework, a 15 cm 
diameter fluid bed column has been designed in order to qualify the performance of different coal tailing fractions under 
fluidized bed combustion conditions. This qualification will be focused on the environmental aspects related to the acid rain 
problem and the ash disposal. 

Meanwhile, the construction has been finished of a laboratory apparatus to test the corrosion resistance of various construction 
materials under simulated gasification conditions (see par. 6.2.4.3.). On the other hand, the construction of a small gasification 
unit with a throughput of a few kg coal per hour has been stopped due to other priorities. 

An orientatsve study has been starred to determine the hydrudynamical performance of a specific fluid bed configuration foi 
the gasification of biomass such as wood chips. 

SCK CEN has participated in the DN8 OPI-study on the industrial potential uses linked to a stronger penetration of coal 
into the energy consumption and into the utilization of raw materials. Technical assistance has also been given to the 
govememental study on the use of coal in Belgian power stations and. in particular, in units near the coal mines in Limburg. 

6J.4J. Cat rosi— • coal cooitrsi— Mrttojs 
IF. CastccK S. Taghnri*! 

• Tramcc 

The laboratory experimental rig for corrosion testing in simulated coal gasification environmer.ts has been used for testing 
of a selected number of alloys and steels during exposure times between 100 h and 800 h at 600*C and 80TTC. The gaseous 
environments were constituted by Ar. H. and H.S and had the following nominal compositions : Ar. 5 *„ H.. 10 ppm H.S. 
0 1 ppm H.O and A. 5 *. H.. 50 ppm H.S. ( 0.1 ppm H.O. The corroded specimens have been evaluated by analysis of 
weight changes and by microstructural analysis of surface and cross-sections of representative samples after various exposure 
times to the test environments. 
Results of microprobe analyses. Auger electron spectroscopy and scanning electron microscopic;., analyse* allowed the 
determination of the chemical composition of the different reaction and corrosion products and the determination of the 
corrosion mechanism of the different tested alloys. AISI 310. AISI 30V. Incone! 625 and Avesta 253 MA possess the highest 
corrosion resistance in the above mentioned gas mixtures. 

6.2.5. GEOTHERMAL ENERGY 
(P. Dn-rcM. H. Tas. J. Drcsfriaan, F. Castttb, R. Yaadrcrra) 

From December 19. 1983 to January 23. 1984. a material test station "PEKEL" designed and built by SCK CEN has been 
operated at a first geothermal well in Beerse-Merksplas (Fig. 6.2.5.). The test was performed for GOM-Antwerpcn. promotor 
of the geothermal venture. Principle objectives of the test were chemical characterization of the geothermal fluid, determination 
of degradation mechanisms and rates of candidate construction materials, evaluation of deposition rates in the various sections 
of a geothermal station and behaviour of the main components of a geothermal station. 

A small downhoie pump was placed at 150 m depth in the borehole, with a 1500 meter long tube train attached to it. With 
the reduced section of this tube (rain, the geothermal water could be brought sufficiently fast to the test station, limiting the 
temperature loss between the geothermal reservoir (74*C) and the well head to 15"C. A flow of 4.3 m' geothermal water per 
hour at 4 bar (hot section) was continuously sent through the test station. After completion of the test, the test station was 
disconnected and transferred to Mol for detailed analysis and control of material coupons and the main station components. 
Material coupons exposed at different depths in (he tube train were also recovered for analysis. 

The geothermal fluid was found to be a high salinity brine (approximately 130 g. liter, mainly NaCI) with a very low oxygen 
content (3-5 ppb). slightly acid (pH 5) and with a high carbon dioxide partial pressure. Upon depressurization of the geothermal 
fluid to atmospheric pressure, an important gas fraction sets free (water gas ratio at I bar and 0"C : 1.6). Ninety percent of 
this gas was found to be CO:. the rest consisting of equal amounts of nitrogen and methane. 

This water appeared to be very aggressive towards the common low alloy casing materials. Corrosion ra'cs of approximately 
1 mm year were found for the casing materials exposed at 1600 m depth in the borehole. Cast iron aiiu iluminium alloys 
had even higher degradation rates. In addition, important pitting was also observed. High alloy steels, nickel-, titanium- and 
copper alloys on the contrary showed little or no degradation. 
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Fig- 4.2.5. Geothermal «ell in Beerse-Merksplas. 

Most components of the test station continued to function satisfactorily throughoui the test The efficiency of the heat 
exchangers could be improved by raising the water pressure. The heat transfer efficiency of the titanium plate heat exchanger 
remained close to the calculated value. The heat transfer efficiency of the tubular heat exchanger, however, dropped to an 
untolerabiy low value. The titanium plate heat exchanger was found to be unaffected by the exposure test (no attack, no 
deposits). The tubular low alloy heat exchanger on tii. contrary had suffered strongly at the gcothermal water side 

It can be concluded that the geothermal source can be used for a heat extraction station, provided suitable materials arc-
being used for the surface components and a corrosion resistant production tubing is inserted in the borehole. The use of 
titanium plate heat exchangers for heat recovery is strongly recommended. 

6.3. MATERIALS 

6.3.1. OXIDE DISPERSION-STRENGTHENEl- ODS) ALLOYS 
IL. Cobeur. M. Geladi-Heylen) 

During 1984. research activities in the field of non-nuclear applications of ODS alloys were essentially carried c n in the 
framework of the European COST 501 action (European Concerted Action on High Temperature Materials f.r Conventional 
Systems of Energy Generation and Conversion Using Fossil Fuels). Two projects concerning ODS alloys were submitted by 
SCK CEN and accepted by the Management Committee of the COST 501 action at the end of 1982. Due to administrative 
delays, the effective research work has only started mid 198.1. 
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The a.--;! of the first project is the development of an ODS ferritic alloy for applications at high temperature. The second 
project is directed towards the development of a high strength, high corrosion resistant ODS Ni-base superalloy for high-
temperature applications in « s turbines. 

6.3.1.1. ODS fcrritic alloys 

The influence of the matrix composition on the oxidation behaviour of ODS ferritic alloys has been studied at temperatures 
ranging from 900"C up to 1250"C. Short-term (up to 50 h) experiments were carried out in a thermobalance and the weight 
changes were recorded continuously. In the long- term (up to 1000 h) experiments, the specimens were placed into a hot 
furnace under stagnant air and periodically, i.e. every 50 h, withdrawn, cooled and weighed. The results from these two kinds 
of experiments show that AI containing compositions are by far the best resistant to oxidation. First results from tensile tests 
performed at 900"C and IO00*C seem to indicate that AI additions may have a detrimental effect on the mechanical strength 
at these temperatures. 

During 1984, specimens were also prepared and sent to our partners in COST 501 for further evaluation. 

6.3.1.2. ODS snperalloys 

Some problems have been encountered when preparing these alloys in the equipment and following the process developed 
for the ferritic alloys. These difficulties are presently only partially solved and only a small number of specimens could be 
prepared during the reporting period. Chemical analysis of these specimens reveals that the means used to avoid the fabrication 
difficulties lead to composition modifications. Their effect on the structure and on the properties of the alloys will be investigated 
in the future. 

6.3.2. CERAMIC MATERIALS 
(P. Diets, A.J. Flipot, R. Gilissen, A. Smolders) 

Ceramics are among the oldest materials made by mankind. For thousands of years they have been used in pottery, bricks, 
household articles and art objects. The use of chemically pure raw materials instead of clay led, the last decades, to the 
development of a new type of ceramic materials known under various names such as engineering, technical, structural or 
high-technology ceramics. These new ceramics are based on oxide, nitride, boride and carbon materials, manufactured from 
abundant, non-strategic raw materials. They offer an attractive combination of properties including excellent high-temperature 
behaviour, outstanding corrosion resistance, hardness, low coefficient of friction and good electrical and thermal insulation. 
These properties give ceramics huge commercial promise in applications ranging from automotive, aerospace, electronics, bio
medical to metal processing and chemical engineering. 

Important research efforts are devoted to overcome the intrinsic brittleness of these materials and to develop manufacturing 
techniques for reproducible mass production. 

SCK/CEN is continuing its research programme on silicon nitride. The programme is conceived to become acquainted with 
the manufacturing and characterization of high-performance ceramic components. 

An important effort has been made to complete the equipment of our laboratories with appropriate manufacturing and 
characterization devices. 

6.3.2.1. Fabrication studies 

Powder conditioning 

The fabrication of ceramic materials often needs powder conditioning or intimate mixing of powders by means of milling 
devices. 

The milling behaviour of silicon nitride powders has been studied with an attritor mill using alumina and steel milling media. 
Both media cause a high degree of contamination. Alumina contamination can be accepted in these cases where it is added 
as a sintering aid. Iron contamination can be completely removed by an appropriate chemical treatment. Attritor milling is 
routinely used to mix sintering aids with silicon nitride. 
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Slip casting 

The slip casting process consists of pouring a stable suspension of powder, called slip, into an absorbent mould The mould 
absorbs much «f 'be liquid fraction of the slip through capillary action, leaving a coherent casting that has sufficient strength 
The technique is suited to fabricate complex shapes. 

To demonstrate our potential to slip cast silicon nitride bodies, a series of simple shapes such as crucibles and tubes have 
been fabricated. 

Slip casted silicon compacts are studied as the starting material for RBSN preparation The influence of milling on the slip 
formation has been studied Air classification has been used as a method to classify powders which are not suited for slip 
preparation. The resulting powders could be slip casted. 

Injection moulding 

Injection moulding is a forming technique which allows the manufacturing of complex near net shape ceramic bodies in large 
quantities. The method consists of shaping a mixture of ceramic powder, polymer and other additives into a green compact 
in the same way as plastic products are formed. \ n injection moulding machine has been installed (Fig. 6.3.2.1 ). 

The main research objects are : 
- the formulation of a suitable powder-polymcr-adrlitive mixture. 
- the elimination of the binder materials prior to sintering. 

The injection moulding of silicon is b;ing studied. First experiments show that the i.-.ixing of silicon powder with the plastiricrs 
is a very difficult production step. It is observed that when a mixing batch >s recycled several times after injection, the 
plasticity of the mixture still improves. 
This shows that the efficiency of the mixing equipment is rather poor. 

The elimination of the binder materials (up to 20 wt."n) by thermal decomposition is being studied. Certain silicon powder-
plastifier formulations are sensitive to deformation during dewaxing. This propr;ty is systematically taken into account when 
evaluating injection moulding mixtures. Furthermore, the heating cycle during thermal decomposition is very critical, in order 
to avoid degradation of the component by brutal gas release. An optimum heating cycle is being searched by thermogravimetry. 
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Sintering 

Due to the covalent nature of silicon nitride, the sintering of pure silicon nitride by conventional sintering is impossible even 
when powders with high specific surface area stated "sinterable" are used. Furthermore, too high temperatures (>1800°C) 
cannot be applied due to the progressive decomposition of silicon nitride at these temperatures. Using MgO as a sintering 
aid, and practising sintering in a powder bed of identical composition, densities above 95 % t.d. have been achieved. 

Reaction bonding 

Reaction bonding consists in the direct nitridation of silicon metal compacts, a process that takes place with almost negligible 
dimensional change so that complex engineering shapes can be produced to close tolerances. 

The main research objects are : 
- the control of the exothermic nitridation reaction; 
- the full nitridation of large objects. 

Optimization of the heating cycle in order to keep the nitridation reaction under close control has been done by thermogravimetry. 
At the moment we have the possibility to nitride shapes with a thickness of 20 mm into silicon nitride bodies with a 
composition better than 99.8 %. 

6.3.2.2. Characterization 

Open porosity is an important characteristic for a ceramic component, because it is directly related to its corrosion behaviour. 
With this regard, a mercury porosimeter has been purchased. The apparatus has been completed with a computer data 
acquisitioning and treatment system. The computer stores the measured data during a measuring cycle and edits a standard 
measuring report afterwards. The apparatus is installed and reproducibility measurements are under way. 

6.3.3. SL PERCONDUCTORS 
(A. Van den Bosch) 

In the field of applied superconductivity, different techniques are being evaluated at SCK/CEN. At present the rssearch is 
focussed on large-current applications, for which Nb,Sn supp nductors are being developed. These superconductors belong 
to the so-called "second technological generation". At eo' temperatures they can carry larger currents in higher magnetic 
fields than those of the "first generation". Nevertheles rirst generation commercial NbTi multifilament wires are used to 
gain experience with coil construction, wHle second generation superconductors are being developed. Both products, the coils 
and the conductors, are optimized for maximum sample current. Coils are being evaluated by their quench current, the 
intensity of which should be as close as possible to the short-sample critical current of the superconductor used for winding 
the coil. In 1984, coils have been wound for which the quench current is to within four percent equal to the critical current. 
The coils will be used in parametric studies of magnetic separation systems. 

6.3.3.1. Development of superconducting materials 
(R. De Batist*, L. De Wilde) 

* Also Rijksuniversitair Centrum Antwerpen 

Different Nb,Sn 85 \ 85 filament superconducting wires made by the bronze process ,\re presented in Table 6.3.3.1., together 
with their overall critical current at 13 Tesla. Addition of gallium to the tin bronze considerably increases the critics! current 
in non-shielded conductors (compare SG27 to SG37). When the core is shielded by a tantalum diffusion barrier no effect of 
gallium has been noticed, at least for the thermal treatments applied up to now. 

Scanning electron microscopy and EDAX analysis revealed a strong tin depletion (down to about 0.5 %) in the bronze for 
the non-shielded wires, which is due to a loss of tin to the outer copper shell. On the other hand the final tin content in Ta-
shielded bronze cores is of the order of 3 % (cfr. Table 6.3.3.1.). 

Short samples of superconductive Nb,Sn tape, fabricated at SCK/CEN following the powdir metallurgical impregnation 
method, have been submitted to different heat treatments to allow the optimization of the critical current. Most of the current 
measurements for the optimization proces? have been carried out at 3 Tesla and 4.3 K. The scatter of the critical current 
values of different samples has been reduced by improving the plasticity of the niobium canning, using a thermal treatment. 
Tests on tapes fitted with multiple contacts allowed ths localization of mechanical defects which were responsible for the 
critical current reduction in certain samples. 
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TABLE 6.3.3.1. 
NbjSn superrounding wires prepared by SCK/CEN according to the bronze 

route-

Code Core Overall critical Final Sn-
current at 13 T content in 
10* A/m2) bronze core (%) 

SG27 Nb/Cul3Sn 
SG36 Nb/Cul2SnlGa 
SG37 Nb/Cul3SnlGa 
SG44 Nb/Cul3Sn/Ta shield 
SG45 Nb/Cul2SnlGa/Ta shield 
SG46 Nb/Cul3SnlGa/Ta shield 

1.45 
1.7 
2.0 
2.4 
2.0 
2.4 

0.4 
0.6 
not determined 
3.3 
2.7 
3.2 

6.3.3.2. Electromagnetic properties of superconductors 
(F. Biermans, J. Cornells, N. Maene, A. Van den Bosch) 

Critical current measurements at a temperature of 4.3 K have been carried out in magnetic fields up to 13 Tesla, in order 
to characterize SCK/CEN-made superconductors. The present version of the set-up is adapted for localizing certain defects. 

Critical currents of commercial NbTi multifilament wires have been measured too. The resulting values have been compared 
to the quench currents of different SCK/CEN wound coils. The quench behaviour of a set of configurations of the first four 
SCK/CEN 166 mm winding diameter coils has been presented at the Applied Superconductivity Conference 1984. Quenches 
have been recorded with a two-channel digital storage oscilloscope at a rate of 125 readings per second. The coil voltage 
and current versus time allows one to calculate the time dependence of the coil-resistance. A typical result is shown in Fig. 
6.3.3.2.a. Voltage data taken on a pair of coils, connected in series and protected by parallel resistors, are given in Fig. 
6.3.3.2.b. The mathematical analysis of the data allows one to infer from the sign of the voltages which coil quenched first. 
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Fig. 6.3.3.2.a. Time dependence of the quench resistance in the superconducting coil 8 for a quench current Iq 268 A. 
Fig. 6.3 3.2.b. Voltage transient in the pair of superconducting coils 7 and 8 when coil 7 quenches first. 
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The coiis 5 to 8 exhibited marked training effects and their quench current could only exceptionally be pushed beyond 70 °„ 
of the short-sample critical current. A second series of four similar coils, 9 to 12, have been wound. For all of them the 
statement holds that, alter the second quench, the quench current reached over 96 percent of the short-wire limit. The four 
coils together generated, on the axis of the configuration, a magnetic induction of 4.5 T with the magnet current of 295 A. 
Compared to a former similar configuration with the coils 5 to 8 the field has been increased by 40 %. The next step in the 
evolution of the SCK/CEN superconductive coils programme was set by the winding of coil 13. The one-piece length used 
is the longest one applied in our institute up to now. On its own, coil 13, with an inner bore diameter of 66 mm, yielded a 
magnetic induction of 6.9 Tesla, generated by a current of 385 A. Right at the first quench, the short-sample limit has been 
reached within four percent. The field form at the axis is the calculated distribution, within one percent. The coil 13 then 
was mounted in the four-coil configuration 9-12. The resulting 9-13 configuration also behaved very well. It generated 8 Tesla 
with 228 A at 4.2 K. In order to reach higher fields the insert-coil 14, with an inner bore of 42 mm, was added to the five-
coil configuration. The whole set of six coils, immersed in liquid helium at reduced pressure (T = 2 8 iv), generated an induction 
field of 10.7 Tesla at a magnet current of 276 A). The maximum energy stored in the magnet was 81 kJ. The close fit between 
the design current at the experiment proves the reliability of the techniques used. 

Resistance measurements were carried out above 10 K on samples of commercial NbTi multifilament superconductors of 
two different suppliers. The resistance ratio (resistance at 20°C/resistance at 10 K) of the copper matrix was found to be 
slightly higher than 100. The large value of the ratio is an indication for the relatively small Joule heating when currents flow 
through the cold matrix. 

The critical temperature of an amorphous Zr07Pdo, alloy (ORNL) has been measured. The material will be used as a 
temperature reference at 2.53 K. 

The low field apparatus for measuring magnetic moments of small samples of superconductors has been fitted with a personal 
computer (IBM-PC) for the acquisition of the data. This allows for more complex measuring schemes. 

6.3.3.3. Radiation effects in superconductors 
(F. De Schutter*, J. Cornells, A. Van den 3osch) 

* K.U.Leuven 

In the framework of the IIKW/IISN project 51, a study was made of the superconducting properties of pure vanadium foils 
(thicknesses 200 and 20um) subjected to different treatments. The experiments and results are extensively discussed by F. 
De Schutter in his Ph.D.Thesis : "Supergeleidende eigenschappen van zuiver, met zuurstof behandeld en met ionen bestraald 
vanadium". 

In order to adapt the K.U.Leuven apparatus to magnetization measurements at higher fields, a superconducting coil of 
nominal 8 Tesla has been designed (6.3.3.2). 

6.3.4. COATING 
(F. Casteels. S. Heusdains-Van Essche) 

Research and development activities related to coatings have been started in view of a rather broad application field, which 
can be related to the multiplicity of functions attributed to coatings : increase of hardness, wear, heat, oxidation and corrosion 
resistance of the substrate. Coatings can be applied in relation to the specific electrical, magnetic, and optical properties of 
the coating. The research and development work on coatings at SCK/CEN takes into account existing research programmes 
at other Belgian research institutes and universities and will be focussed mainly on development of ceramic coatings for 
corrosion prevention, coatings with increased wear resistance and better machining performances. 

This activity will be developed progressively either in the framework of exis'ing programmes (COST 501 action, contract 
with the Flemish Executive), in collaboration or as services for private industries or in the framework of European R&D 
programmes (BRITE programme). 

The deposition techniques which will be further developed are the CVD (chemical vapor deposition) and the plasma spray 
technique. A plasma spray installation has been ordered and a CVD installation using the ftuidized bed technique will be 
constructed. 
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6.3.5 MATERIALS FOR HIGH-TEMPERATURE HEAT EXCHANGERS 
(G. Wouters, F. Casteels. A.J.FIipot, J. Slews) 

The aim of the project is the development and demonstration of a high efficiency, high-temperature heat exchanger for use 
in corrosive and fouling environments. Such hostile flue gases are mainly found in the iron and steel industry, in aluminium 
remelt furnaces and in copper and glass melting furnaces. Key problems to be solved are excellent material performance, 
low cost fabrication and joining techniques and an appropriate design allowing high heat exchange efficiency. 

Based on a preliminary market survey and on a search for co-operation with the Belgian industry, the aluminium remelt 
furnaces have been selected as the first target for the project. A Belgian aluminium company has made available its installations 
for on site flue gas characterization and for material screening tests. A material test and gas sampling station has been 
designed to be installed in the flue gas duct of the gas fired remelting furnace. As potential materials are considered different 
types of technical ceramics, high-temperature metals and composite or coated materials. Most of the materials to be tested 
have been purchased, but also some SCK/CEN made technical ceramics are being included in the screening test. At the 
same time, different shaping techniques for technical ceramics are being investigated such as slip casting, cold isostatic and 
sintering. 

The on-site material tests will start in the first half of 1985 and will last about one year. 

6.4. OTHER PROGRAMMES 

6.4.1. INFORMATICS 
(G. Peperstraete) 

At the request of private firms and institutions, looking for the installation of a computer system, technical advise and 
assistance have been given. 

In reply to new orders, revised versions of the software programmes for office automation in two specific areas, namely a 
garage and a house-decorating firm, are successfully installed on multi-user microcomputer systems. 

Some private companies have been connected additionally to the mainframe computer system of the SCK CEN data processing 
department. They a c new external end-users of the present database and programming facilities. 

6.4.2. ELECTRONICS 
(J. Lauwers) 

The efforts of the Electronics and Instrumentation Service in 1984 have been partly focussed on the development of a complete 
new line of modular nuclear instruments using the Eurocard dimensional standard. Building of such small, but nevertheless 
sophisticated modules is only possible by using modern microelectronic techniques. 

- For the IAEA, a 4-channel digital ratemeter (EL6E1) has been developed using the Intel 8085 microprocessor. Taking into 
account their remarks and also those of our own Health Physics Department, a final prototype will be finished early in 1985. 

- At the request of Agfa-Gevaert, a nuclear, low level counter system has been built and delivered for their manufacturing 
plant in Spain. It has been equipped with several of these new Euromodules : Power Supply ELIN1, High Voltage EL2E2, 
G.M.-Amico Unit EL14E1. Dual Scaler Timer EL5E2. 

- Other modules in this series that have been developed during 1984 include a P.M.-preamplifier (EL4E2). another type of 
H.V. power supply (EL2E1) and a Sample Changer Driver (EL17E1). 

Meanwhile the sales of the VIC-2A microprocessor cards have continued and all, except a small stock for internal use, have 
been sold. 

The new CAD system for the lay-out of printed circuit boards has proven very efficient. It was even possible to do some 
service work for third parties and this will certainly continue in the future. 
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The new prototype of a cryptographic seal has been finished. It allows the encryption, according to the RSA standard, of a 
320 bits data block in 7 seconds, which is 30 times faster than in the first prototype, while at the same time power consumption 
went down with a factor of 150. The circuit containing 8K ROM and 18K RAM is placed in an enclosure especially designed 
to eliminate electro-magnetic radiation. 

The data encryption standard a' the NBS (FIPS46 also called DES) has been implemented on a one-chip microcomputer 
Motorola 1468705G2. This can Be used in order to set up a "pseudo-public key" cryptographic network where the encryption 
and decryption functions are assymetrical. 

SCK/CEN in association with PRODATA is preparing a programme proposal in the framework of the ESPRIT programme 
of the CEC, on the study of the security aspects in the SOMIW project, for which BULL-TRANS AC will be the prime 
contractor. 

6.4.3. SENSORS 
(R. De Batist, F. Casteefe. Ja. Dekeyser, M. Mergeay) 

As a result of the SRI exercise, it has been decided to further explore the possibilities for research and development work 
in the field of sensors. Based on the existing expertise, two lines have been selected for further exploitation. These are the 
development of biosensors (e.g. fast analysis of heavy metals in waste waters and of mutagens in biological liquids) and the 
development of sensors for light elements in metal melts. 

In addition to some exploratory research in these fields and to the search for interested industrial partners, work has continued 
in the area of sensors for use in metal melts. This research has been aimed in particular at the evaluation of the relevant 
properties of various candidate materials : compatibility with molten metals, gas permeability, ionic conductivity and thermal 
shock resistance. On the basis of these results, a few materials could be selected for further evaluation as non-metal (hydrogen, 
nitrogen, oxygen, carbon) sensors in various metal melts. 

6.4.4. SYNTHESIS OF CHEMICAL COMPOUNDS 
(P. Heylen, A. Faseur, W. Goossens) 

On demand of industry, a specific process scheme has been analysed and evaluated. Using laboratory data, the technical 
flow-sheet, the engineering concept and the final lay-out have been made. A few experimental runs were performed to check 
the validity of alternative steps of the process. On the basis of budget prices for the different parts, the total investment has 
been calculated. The operation costs have been estimated according to a reference mass balance and energy consumption 
path. 
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Chapter 7 

THE BR2 MATERIALS TESTING REACTOR 
AND ITS ASSOCIATED FACILITIES 

The BR 2 reactor was first put into service with an experimental loading in 1963. Shut down end 1978 for renewal of its 
beryllium matrix, it has been restarted mid-1980. During 1984, the reactor and its associated facilities continued their regular 
operation. 

The reactor was in operation for a total of 227 days (194 days in 1983). Continued op» ration of the reactor during the Summer 
' and Christmas holidays periods has enabled this increase of the number of operation days; therefore, the operating coefficient 

in 1984 |56.9 %) was higher than in 1983 (54.5 %). The power level, regularly adapted to experimental demands, varied between 
21.5 and 68.5 M W . 

The core configuration was the new configuration 10, centred on the channel H I , in use since mid-1982. The nominal operating 
cycle was of four weeks duration : 7 days shut-down and 21 days operating. But it should be noted that a special campaign 
was carried out for the M O L 7 C / 5 experiment, several intermediate shut-downs had to be planned on request of the experimental 
programme and some routine shut-downs were extended for the installation of new equipment, the inspection of the beryllium 
matrix, special maintenance work, etc... 

The continued effort to optimize the fuel loading according to the needs of the experiments, has enabled fuel consumption to 
be maintained at a remarkably low level. The specific fuel consumption in 1984 was 6 standard elements per 1000 M W d . 
compared with 7 in 1983, 12 in 1971 (first routine utilization of cermet type fuel elements) and 23 at the beginning of reactor 
operation |«ith alloy type fuel elements). 

The irradiations have been carried out in support of S C K / C E N programmes, some in collaboration with Belgian industries and 
universities, on the one hand, and at the request of third parties on the n'her. As examples of the latter, we may cite KfK 
(Karlsruhe), the Commission of the European Communities, I R E , Westinghouse, Interatom and fuel vendors, utilities as well 
as national laboratories of several countries (USA, Japan, Federal Republic of Germany, France, United Kingdom, Switzerland), 
in the framework of international ventures such as the T R I B U L A T I O N and G A I N programmes. 

In 1984, the reactor has been used to study the behaviour of reactor fuel elements and structural materials intended for future 
nuclear power stations (sodium cooled fast reactors, light water reactors, fusion reactors). The irradiations mainly concern safety 
experiments, power transient experiments and, generally speaking, irradiations under off-normal conditions. Irradiations for 
nuclear transmutation (production of radioisotopes with high specific activity), neutron-radiography, use of beam tubes for physics 
studies, and pilot scale gamma irradiations have also been carried out. However, the reactor was primarily used for irradiation 
programmes requiring fast neutron fluxes (sodium cooled fast reactor and fusion reactor development programmes), which 
accounted for 78.4 % of the total reactor use. 

The experimental load occupied, on average, 60 reactor channels (62 in 1983). Some 513 irradiation devices (511 in 1983) were 
loaded, not including standard isotope production capsules and measuring equipment. 

Among the new rigs loaded, the following are worthy of note : 

• sodium cooled fast reactors : 
- the VIOL 7C/5 sodium loop, to study the effect of a local blockage of the sodium flow in a bundle of 30 fuel pins, pre-
irradiated in the fast reactor KNK I I ; 
- use of the M O I , I8B3 sodium loop, for irradiation of a fast reactor fuel pin under cadmium screen and transient operating 
conditions ISNR BE Transientenprogramm); 
- the M O L 5B17 rig, for irradiation of a structural material sample under stress with continuous in-pile creep measurement; 
- the OASIS 1 and 2 rigs, for irradiation of ferritic steel pressurized tube samples (study of in-pile creep and ageing at high 
temperatures); 
- the sodium loop M O L 21 A, for gamma irradiation of oxygen monitors in sodium; 

• light water reactors : 
- 2 experiments in the framework of the international T R I B U L A T I O N programme (irradiation of pre-irradialed LVV R fuel 
rods in pressurized water capsules with power transients). 
- the first expe.'ment of the international G A I N programme (power transients on gadolinium containing fuel rods pre-irradiated 
in the BR3 reactor); 
- two P baskets containing I.W R fuel pins of an advanced type; 

• fusion reactors: 
- the FA F U M A I rig, for irradiation of stainless steel samples for post-irradiation fatigue tests. 
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The BR02 reactor, zero power model of BR2. was used in support of the FAFL'MA programme to characterize the fast 
neutron spectrum on the axis of a standard BR2 fuel element. In additioa, different neutron and gamma calculations have been 
performed for the PAHR programme (PIRAM1D 1 to 3 experiments! and the nickel samples irradiated in various positions 
of BR 2 in 1982 and 1983 in the framework of the He/dpa optimization study for the fusion experiments have been analysed. 

Regular operation of the BR2 hot-cells was continued. The maia work carried oat was related to the dismantling of irradiation 
devices and fuel elements to loading of fresh or irradiated fuel pins into irradiation rigs and to non-destructive measurements. 

Several important tasks were carried out either to improve the experimental facilities or to increase the performance, safety 
and understanding of the operational characteristics of the reactor. As examples, the following may be cited : 

- construction and installation, in the BR2, of a second DGR in-pile section for irradiation of : , , l ' |**Mo/",Xe production 
programme); 
- construction of the MOL I8A2 sodium loop in order to carry out power and temperature transients on a fuel pin pre-
irradiaied in the fast reactor KNK II; 
- preparation of Post-Accident Heat Removal (PAHR) safety experiments in BR2; 
- preparation of irradiation devices for in-pile fatigue tests on fusion reactor first wall candidate material samples (FAFLIMA 
programme); 
- feasibility study of rigs for the irradiation of fusion breeding blanket samples (ISOLA project); 
- continuation of the study of the PR F device for the irradiation of fuel samples, with the ability to load and unload the 
samples during reactor operation; 
- leak test of the reactor containment building. 

According to the Royal Decree of 1982 which completes and modifies the BR2 operation authorization regulations : 

- installation of a venting system for the rupture discs of the reactor primary* circuit and the checkvalve between primary circuit 
and reactor pool; 
- various studies concerning protection against a gas bubble in the reactor vessel, common mode failures and influence of a 
reactor vessel rupture on the reactor safety. 

The BR2 reactor and its associated facilities are part of the SCK/rEN Reactor and Energy Production Division, which is 
under the direction of G. STIENNON. 

Planning and analysis of BR2 and hot-cells utilization, safety analysis of experiments, radioisotopes production supervision and 
administration were carried out by J-M. BALGNET, W. BOFYKFNS. C. LAMBIET and R. DE BIE. 

7.1. IRRADIATION DEVICES 
(J. Planquart, J. Brenez, G. Vanmassenhove, G. Blondeel, M. Decreton, J. Dekeyser, A. Falla, V. Massaut, J. Parent, M. Soenen, 
D. Van der Eecken, A. Verwimp, J.L. Walnier, W. Detavernier, R. C'atteeuw. C. Decloedt, Ja. Dekeyser, G. Geboers, J. Leunen, 
R. Oris) 

7.1.1. GENERAL 

Design, construction and operation of irradiation devices for the BR2 reactor was carried out on behalf of several experimenters. 
Work was mainly devoted to : 

- the development of I.WR reactors (fuel pir behaviour under steady state and transient conditions); 
- t.ie development of fast reactors (tuel and structural materials behaviour under steady state, transient or accident conditions); 
- the behaviour of candidate materials for the fusion reactor; 
- irradiation installation for radioisotope production. 

This work was carried out in collaboration with or on behalf of : 

- the international venture for tne TRIBULATION and GAIN programmes; 
- the KfK (Kernforschung Karlsruhe) research centre; 
- the Commission of the Luropean Communities (CF.C); 
- German and Belgian industry (Interatom, Bclgonucleairc); 
- Belgian institutes (IRF. universities); 
- some other countries (Libya). 
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Table 7.1.1.a. 
Irradiation devices already haded into the reactor at the beginning of 1984. 

A. Sodium tooled fast reactor programme. 

MOL 3 L Irradiation in sodium of flow-meters, microphones and several types of thermocouples. 

MOL 3 M Irradiation of lithium niobate (LiNbO,). 

MOL 5-B16 In-pile creep measurement of cladding material. 

MOL 6 P Germanium plates under fast neutron flux. 

MOL 18-B3 Operational transients on LMFBR fuel rod in a sodium loop. 

B. Light water reactor programme. 

P4 and P5 Fuel rods irradiated to high burn-up. 
baskets 

CEB 13 LWR fuel pin with power cycling. 

C. Irradiation installation. 

DGR 1 Device used for the production of Xe-Mo radioisotopes. 

Table 7.1.Lb. 
New irradiation devices loaded in the BR2 reactor during 1984 

A. Sodium cooled fast reactor programme. 

MOL 5-B17 In-pile creep measurement of cladding material. Loaded in January !984. 
OASIS 1 and 2 Ferritic steel samples under stress. Loaded in February and April 1984, respectively. 
MOL 7C-5 Partial sodium flow blockage in an LMFBR fuel assembly with pre-irradiated fuel rods. Loaded in November 

1984. 
MOL 2I-A Gamma irradiation of oxygen monitors in sodium. Loaded in March 1984. 

B. Light water reactor programme. 

PWC 1,2,3 | Power transients of pre-irradiated LWR fuel rods. 
CCD 1,2,3 
VNS 2 I (TRIBULATION and GAIN programmes). 

C. Fusion reactor programme. 

FAFUMA I Static irradiation of fatigue samples. Loaded in February 1984. 

D. Irradiation installation. 

DGR 2 Second in-pile section for the routine production of Xe-Mo radioisotopes. Loaded in July 1984. 
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Table 7. U.c. 
Devices to be loaded in 1985 and 1986. 

A. Sodium cooled fast reactor programme. 

MOL 18 A-2 Transient test of an LMFBR fuel rod in a sodium loop. 
To be loaded in January 1985. 

MOL 3 B-10 Tensile steel probes in sodium. 
FARFADET Fuel behaviour at beginning of life. Fuel pins in NaK. 
1 to 6 
MOL20A-3 i Gamma irradiation of concrete shielding samples. 
MOL20A-4 I 
MOL 23 Gamma irradiation of elastomers. 
PAHR- Simulation of debris bed cooling after HCDA. 
PIRAMID I 

B. Lght water reactor programme. 

PWC 1, 2.3 | Power transients on LWR fuel. 
CCD 1. 2. 3 (TRIBULATION and GAIN programmes). 
VNS 2 I 

C. Fusion reactor development. 

FAFUMA 2 Static irradiation of fatigue samples. 
FAFUMA 3 In-pile fatigue test. 
COSMETIC Irradiation of copper samples. 
ISOLA Irradiation of solid tritium breeding materials. 

D. Irradiation installation. 

PR F New devices for the production of Xe-Mo radioisotopes. 

E. Waste disposal programme. 

CIC Corrosion of steel in interstitial clay water in a gamma radiation field. To be loaded early in 1985. 

Tables 7.1.1.a., 7.l.l.b. and 7.1.I.e. give a general review of the devices built or managed by the Technology and Energy 
Department. 

Work for most of the irradiations is reported in the related chapters (water reactors, fast reactors and fusion reactors) of 
the present report. 

7.1.2. MOL 18 PROJECT (Fast reactor fuel transients) 
(Jean Dekeyser, A. Falla, G. Geboers). 

The scope of the MOL 18 irradiation project in BR2 is the testing of LMFBR fuel pins under controlled transient operating 
conditions in the framework of the SNR "Transientenprogramm", which is jointly supported by KfK, Interatom and 
Belgonucleaire. With this programme, a relevant field of experiments explores the SNR fuel behaviour under a wide range 
of ofT-normal reactor operating conditions, without trespassing damage limits. The in-pile experiments are shared between 
the HFR reactor at Petten (The Netherlands) and the BR2 reactor. 
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Irradiation in BR2 is performed in the VIC sodium loop (Variable Irradiation Conditions), which is compactly designed for 
testing a single fuel pin. either fresh or pre-irradiated. Two categories of transients can be carried out. separately or combined 

- fast variation of the fission power up to 150 "„ at 5 °„.s' (power transients under cadmium screen); 

- partial loss of sodium cooling with transient fuel cladding températures up to 900°C at rates of up to 40 K.s ' (average). 

For irradiation experiments without Cd screen, fission power transients can be run up to 220 °0 at a rate of 15 "„ s '. 

Prototype testing 

Irradiation of the prototype experiment MOL I8-AI in 1981-"'', has demonstrated a satisfactory in-pile behaviour of the VIC 
loop and its ability to perform the specified range of transients. Relfvant information is given in previous annual reports. In 
particular the technique for running fast power transients by means )f the 'He neutron absorber screen has been successfully 
demonstrated. Control of the 'He gas and the tritium (produced under neutron exposure) is assured by the VNS 2 installation. 

Practical experience with the prototype has led to an improved design for the following in-pile sections (MOL 18-B3 and 
MOL I8-A2). Also the shape of these rigs has been adapted to simplify the loading of the target fuel pin, in view of testing 
prcirradiated pins. 

MOL IH-B3 experiment 

Unlike the prototype, the loop MOL I8-B3 has been irradiated under Cd screen to harden the incident neutron flux. After 
being loaded mid-1983 in BR2, irradiation under nominal stationary conditions has run during 7 reactor cycles until May 
1984. allowing the fuel pin to accumulate a max. burn-up of 2.5 °„ FIMA. During this time, the 'He screen was operated 
with natural helium to exclude the production of tritium. In general, a satisfactory in-pile behaviour has been experienced. 

Finally a special BR2 cycle (9 84) was conducted to run the three specified transients, i.e. two fast TOP types (Transient 
Over Power) and one combined transient with simultaneous fast TOP and LOF (Loss Of Flow). Both TOP transients were 
identical and consisted of a fuel power increase from 100 "„ to 150",, in 15 s. followed by a reactor scram. In order to 
accelerate the speed of power ramping, as obtained by 'He control, execution of the TOP transients was supported by a fast 
rise of the reactor power up to 120 "„. 
The final TOP-LOF transient was conducted as follows : 

- fuel power increase from 100 "„ to 120 °„ in 4.5 s; 
- fast reduction of the sodium flow rate down to I 3 of the nominal, leading to a temperature ramp at the sodium outlet 
from 600°C to 850°C in S.4s: 
- reactor scram after 8.4 s (at the instant of reaching 850°C). 

Fig. 7.1.2.3. shows a record of relevant data obtained by the medium speed data acquisition system (100 measurements per 
second for each of the signals). The plot g'ves the time evolution of the 'He valve position (opened for blow-off of the 'He 
gas), the 'He pressure, the reactor power, the sodium flow-rate and a collectron signal. The transient phase between 0 s and 
8.4 s is clearly seen. Fig. 7.1,2.b shows the evolution of the linear fuel power and the sodium temperature at the outlet of the 
fuel pin. As specified, the major power increase was obtained well before the instant of reaching the temperature level of 
850°C; at that temperature level, the reactor was scram.ned. The temperature overshoot after the scram is caused by the 
thermal inertia of the fuel pin, whilst the Na flow-rate was kept at reduced level. 

After the irradiation campaign, no failure of the pin was evidenced. 

MOI. 18-A2 experiment 

Final assembly and preparation of the third in-pile section, MOL 18-A2, were terminated in 1984. In this loop, a pre-irradiated 
fuel pin, originating from a fuel element of the KNK II fast reactor, will be submitted to transient testing. 

Loading of the active fuel pin into the in-pile section was realized in the BR2 hot cells, following a simple and straightforward 
procedure. This was made possible by an accurate construction of the fuel suspension train (7 m long) and matching the 
internal channel of the rig. Afterwards the loop was filled with sodium, using the special filling station installed at the BR2 
hydraulic canal. 

Irradiation is planned to start in January 1985. The campaign will comprise three reactor cycles and a total of nine fast 
transient tests. 
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7.1.3. ISOTOPE PRODUCTION 
(G. Blondeei) 

- D G R loop (Doigt de Gant Refroidi) 

The DGR loop is used for the production of "3Xe/wMo radioisotopes. The loop is currently operated with one in-pile section, 
allowing the irradiation of 3 samples. In the beginning of 1984, IRE asked for an increase in production capacity by a factor 
2, by the end of July 1984. The analysis of the operationnal characteristics of the loop showed that this goal could be achieved 
by connecting a second in pile section in series with the existing one. Construction of this second in-pile section began in 
March. The necessary components were purchased, the control panels adapted and the second in-pile section was connected 
to the loop in July; it went into operation end of July after the commissioning of the whole installation. 

Several spare parts were constructed and delivered to the BR2 department during the second half of the year and technical 
assistance was provided for operation and maintenance. 

- PR F (Primary water cooled Reloadable device for Fissile targets) 

This device is intended to irradiate samples for the production of '"Xe/ " M o radioisotopes, for which the market tends to 
expar.d. The device, directly cooled by the reactor primary water, should be able to irradiate 6 samples, i.e. as much as the 
production capacity of the whole DGR loop equipped with two in-pile sections. A preliminary study started in 1984. Assembly 
drawing is in progress. 

7.2. TESTING AND COMMISSIONING SECTION 
(G. Rottenberg, S. Claes, J. De Clerq, A. Sencie, K. Van Eyndhoven) 

During 1984 the T&C Section continued its routine activities in the following main fields : 
- commissioning of experimental irradiation devices prior to their initial operation; 
- technical assistance to experimenters during the manufacture and installation of irradiation devices; 
- technical assistance to other SCK/CEN departments in carrying out their own equipment or maintenance programmes. 

7.2.1. COMMISSIONING OF EXPERIMENTAL IRRADIATION DEVICES 

Tabic 7.2.1. reviews the main types of new irradiation devices which went through the testing and commissioning procedure 
in 1984. 

Irradiation of some of the commissioned isotope capsules has not necessarily taken place in the same year. 

In addition, other devices were commissioned, such as : 
- the MOL 21 A compact sodium loop for ^-irradiation in the BR2 pool with its control panels; 
- the piping for the extension of the BR2 rupture discs relief system; 
- a new stainless steel thimble for the existing DGR1 irradiation facility; 
- a second DGR in-pile section, called DGR2 and operated in series with DGRI; 
- new loading systems for the targets of both DGRI and DGR2; 
- 2 coextruded aluminium clad cadmium tubes for BR2 regulating rods. 

Manufacturing controls have started on the PAHR project; controls have been continued on the MOL 18 (VICI-A2) loop, 
as well as on 6 mobile absorber rigs for the BR2 reactor core. 

Recommissioning of existing out-of-pile systems has been performed in the following cases : 
- the gas mixing control panels GMP3, GMP4, GMP5, GMP6; 
- the out-of-pile equipment of the DGR irradiation facility. 
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Table 7.2.1. 
Main new irradiation devices which went through testing 

and commissioning in 1984 

Type of device 

In-pile sections for loops 

Instrumented fissile 
material rigs 

Non-instrumented fissile 
material rigs or capsules 

SCK/CEN 
only 

2 

3 

_ 

Manufactured by 

Customer 
only 

-

-

-

Instrumented rigs for 
material irradiations 

Cobalt capsules (pellets) 

Iridium capsules 

Various isotope capsules 

Fissih material capsules 
for DGR 

Total 

1 

89 

137 

48 

248 

523 

Jointly-
Total 

2 

3 

89 

137 

48 

248 

533 

7.2.2. TECHNICAL ASSISTANCE TO EXPERIMENTERS DURING MANUFACTURE AND INSTALLATION OF 
IRRADIATION DEVICES 

The T&C Section made an important contribution to all irradiation devices manufactured by SCK'CEN mainly through 
inspection and testing during manufacture, as vHl as chemical cleaning of all components. 

Experimenters who brought their own irradiation devices made wide use of the T&C Section for supervising the installation, 
for subsequent acceptance tests and for starting operations. 

7.2.3. TECHNICAL ASSISTANCE TO OTHER SCK/CEN DEPARTMENTS IN CARRYING OUT THEIR OWN 
FQUIPMENT OF MAINTENANCE PROGRAMMES 

The T&C Section was asked to give assistance to many other projects developed at SCK/CEN. in particular by the BR3 
and Metallurgy departments. 
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7.3. OPERATION AND UTILIZATION OF THE REACTOR 
(J. Archambeau, J-M. Baugnet, A. Beeckmans de West-Meerbeeck, W. Boeykens, J-M. Corbisier, P. Deckx, M. Dehu, 
J. Dierckx, E. Koonen, C. Lambiet, H. Lenders*, F. Léonard, H. Massage, L. Morlion, M. Noël, P. Palenberg*. J. Schutyser, 
V. StevîTS, J. Steylemans, V. Stulens, M. Van Loven, J. Vermunt, J-P. Wannynj 

226.6 days 
84.0 days 
80.2 days 
7.5 davs 

56.9 °„ 
21.1 °„ 
20.1 ••„ 

1.9 •„ 

' FURATOM 

7.3.1. REACTOR OPERATION 

7.3.1.1. Operation characteristics 

As reactor operation consists of a series of cycles, the operation year does not coincide with the calender year. For the BR2 
reactor, the operating period '984 ran from December 8lh, 1983 till January 9'\ 198Î. The nominal operating cycle lasted 
four weeks (7 days shut-down and 21 days operation). The 398 days comprising operating period 1984 would have permitted 
14 cycles, but there were, in fact, only 12 as two were cancelled due to extensions of scheduled shut-downs, intermediate 
shut-downs and time lost by operating incidents, as explained in detail in par. 7.3.2. 

The overall distribution of the reactor operation time is as follows : 

- in operati<M 
- scheduled shut-downs 
- extensions of scheduled shut-downs and intermediate shut-downs 
- operating incidents (unscheduled shut-downs) 

398.3 days 100 "„ 

The reactor was operated using several variants of the core configuration 10, the new configuration, centred on the channel 
HI, in use since mid-1982. As examples, fig. 7.3.1.1.a. and 7.3.1.1.b. show the distribution of the fuel elements and control 
rods in the beryllium matrix for the variant 10 F (in use for the first cycles of the year) ;ind 10 C (the variant used during 
the special campaign carried out for the MOL 7C5 experiment). Tables 7.3.1.1.a. and 7.3.1.l.b. give a typical set of nuclear 
characteristics for the variant 10 F. !n the other variants, the irradiation conditions were almost identical, since the fuel 
charge was altered appropriately. 

Nominal power ranged from 55.5 MW to 71.6 MW, depending on the variant of the core configuration used. During each 
cycle, however, the power level was adjusted to give optimum irradiation conditions for the entire experimental load, while 
still respecting the various power limits imposed. This being so. the actual power level varied between 21.5 MW and 68.5 
MW. In addition, at each start-up, the power was increased step-wise, with halts at least at 1 "„, 40 °„, 60 °„ and 80 "„ of 
nominal full power. This was done to carry out various checks, to choose the optimum full power level and to find the best 
distribution of the control rod heights to meet the various experimental specifications. And also on some occasions, as 
explained in detail in par. 7.3.1.2., fuel pin linear power variations of + 50 "„ in 15 s were obtained in a particular irradiation 
device, by combining fast increase of the reactor power with quick depressurization of the 'He screen surrounding the 
experimental rig. 

During the year, the total integrated power reached 12,766 MWd, corresponding to a consumption of 15.3 kg 2"U. The total 
number of fresh standard fuel elements used was 82; in addition, 2 Illn special elements were used for the MOI. 3M 
experiment. The highest rated element (a standard cermet type containing 400 g 21,U) reached a mean burn-up value of 6! 
"„, corresponding to 73.2 "„ at its hot plane. All th»; fuel elements loaded were of the cermet type with burnable poisons. 

Table 7.3. l i e . gives the main operating parameters for 1984. 
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Fig. 7.3.1.1.a. BR2 cnnfi%uratinn 10 F 
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Fig. 7J.I.I.H. BR2 configuration 10 ( + MOI, 7C in ffl 
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Table 7.3.1.1.a. 
Nuclear characteristics of the BR2 configuration IOF 

A. Fuel element channeb 

Power - 64.3 MW Conditions during the cycle 3/84 

Reactor 
channel 

A 30 
A 90 
A 150 
A 210 
A 270 
A 330 

B 0 
B 60 
B 120 
B 180 
B 240 
B 300 

C41 
t, 1 1 
C 161 
C 19* 
C 259 
C319 

DO 
D 60 
D 120 
D 180 
D 240 
D 300 

E 30 
E 330 
F 46 
F 106 
F 166 
F 194 
F 254 
F 314 

G 120 
K 169 
K 191 

Fuel elements 

Type 

6NG 
6NG 
6NG 
6NG 
6NG 
6NG 

6NG 
5NG 
6NG 
6NG 
6NG 
6IG 

6NG 
6NG 
6NG 
6NC 
6NG 
6NG 

6IG 
6NG 
6NG 
6IG 
5NG 
6NG 

6IG 
6IG 
6IG 
6NG 
5NG 
6NG 
6NG 
3NG 

6IG 
6IG 
5NG 

Average 
burn-up 

% 0) 

13 
12 
46 
45 
13 
13 

26 
13 
28 
27 
28 
12 

0 
42 
0 
0 

52 
0 

43 
1 
0 

47 
0 
0 

44 
53 
52 
7 

38 
46 

7 
0 

48 
54 
43 

Maximum flux (2) 

(lC14n/cm2.s) 

Thermal (3) 

3.0 
3.0 
3.4 
3.3 
2.9 
3.0 

3.1 
3.0 
3.0 
3.0 
2.9 
2.9 

2.4 
2.8 
2.1 
2.0 
2.9 
2.2 

2.3 
2.1 
2.0 
2.4 
1.8 
2.0 

2.1 
2.2 
2.3 
1.7 
1.8 
1.6 
1.4 
1.7 

1.8 
1.0 
0.8 

E>0.1 MeV 

6.4 
6.1 
4.4 
4.3 
5.9 
6.3 

5.3 
6.0 
5.3 
5.5 
5.1 
6.6 

6.4 
4.4 
5.3 
5.0 
3.7 
6.2 

2.9 
5.3 
5.1 
3.7 
3.9 
5.2 

2.9 
2.6 
3.0 
4.0 
2.5 
2.3 
3.2 
2.7 

2.4 
1.1 
1.0 

<J>fast 
$ thermal 

2.1 
2.0 
1.3 
1.3 
2.0 
2.1 

1.7 
2.0 
1.8 
1.8 
1.8 
2.3 

2.7 
1.6 
2.5 
2.5 
1.3 
2.8 

1.3 
2.5 
2.6 
1.5 
2.2 
2.6 

1.4 
1.2 
1.3 
2.4 
1.4 
1.4 
2.3 
1.6 

1.3 
1.1 
1.3 

Maximum 
nuclear (4) 

heating 
(W/g Al) 

14.0 
13.4 
9.7 
9.4 

12.8 
14.0 

11.7 
14.3 
11.7 
11.8 
10.9 
14.7 

14.3 
10.0 
11.6 
11.0 
8.4 

14.1 

6.4 
11.9 
11.3 
8.3 
9.2 

11.8 

6.4 
6.0 
6.7 
8.7 
5.9 
5.2 
7.0 
8.0 

5.2 
2.4 
2.3 

G Cermet fuel element 400 j> ™U type (60 mg "W/cm1). 

(1) At the beginning of the cycle. 

(2) Neutron flux at 50 mm below reactor mid-plane. 

(}) Unperturbed neutron flux on the centre line of the fuel element (n) "ö
5 Vo at 2200 mix. 

(4) Nuclear heating of an aluminium xample placed on fuel element axis at position of maximum flux. 
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Power - 64.3 MW 

Table 7J.l.l.b. 
Nuclear characteristics of the BR2 configuration 10 

B. Reflector channels 

Reactor 
channel 

Maximum unperturbed flux (10l4n/cm2.s) Maximum nuclear heating 

F 14 
F 346 

G 0 
G 60 
G 180 
G 300 

H 
H 
H 
H 

H 
H 
H 
H 
H 
H 
H 
H 
H 

23 
37 
323 
337 

1-0 
1-120 
1-240 
2-90 
2-210 
2-330 
3-30 
3-150 
3-270 

H 4 
H 
H 
H 

K 

5-30 
5-150 
5-270 

11 
K 49 
K 109 
K 251 
K 
K 

311 
349 

L 0 
L 60 
L 
L 
L 

120 
180 
240 

L 300 

N 
N 
P 

30 
330 
19 

P 41 
P 
P 
P 

101 
161 
199 

P 259 
P 319 
P 341 

tiermal 

2.2 
2.6 

1.9 
2.9 
-

2.5 

2.0 
2.4 
2.1 
1.7 

8.5 
8.3 
8.2 
1.2 
2.7 
2.5 
2.4 
1.2 
2.4 
-

2.2 
2.4 
1.1 

1.5 
2.2 
1.9 
1.6 
1.8 
1.6 

1.0 
1.6 
1.6 
1.0 
1.1 
1.4 

1.1 
1.0 
1.0 
1.2 
1.1 
1.1 
0.7 
1.0 
1.1 
1.0 

E > 0.1 MeV 

1.0 
0.6 

0.3 
0.8 
1.0 
1.0 

0.3 
0.5 
0.6 
0.3 

1.8 
1.6 
1.5 
0.03 
0.6 
0.4 
0.5 
0.04 
0.6 
0.2 
0.4 
0.5 
0.02 

0.09 
0.3 
0.4 
0.3 
0.4 
0.07 

0.02 
0.08 
0.2 
0.2 
0.05 
0.08 

0.05 
0.05 
0.03 
0.05 
0.05 
0.1 
0.1 
0.04 
0.07 
0.02 

(W/g> 

2.6 
2.5 

1.5 
2.8 
2.7 
2.9 

1.4 
1.9 
2.1 
1.4 

6.6 
5.9 
5.7 
0.3 
2.7 
2.0 
2.2 
0.4 
2.5 
v.9 
1.9 
2.3 
0.3 

0.6 
1.4 
1.9 
1.3 
1.6 
0.6 

0.3 
0.6 
1.0 
1.0 
0.5 
0.7 

0.5 
0.5 
0.3 
0.5 
0.5 
0.5 
0.5 
0.3 
0.5 
0.3 



Reactor operating characteristics 

Table 7.3.i.i.e. 
BR2 - Operating parameters 1984 

Nominal power rating 
Total operating time 
Average operating time per normal cycle 
Total energy dissipated 
Average energy dissipated per normal cycle 
Fissile charge at start of cycle (a'V) 

55.5 to 71.6 MW 
226.6 days 
20.4 days 
12.766 MWd 
1.152 MWd 
8.7 lo 10.4 kü 

Circuit characteristics Primary- Secondary 

Fiow (m3.h ') 
Inlet temperature (°C) 
Inlet pressure (kg.cm !) 
Ap across pressure vessel (kg.cm :) 

pH 
Resistivity (Clem) 
Flow in purification line tm' .h ' ) 
Activity ffy (uCi.cm ') 

6,000 - 6,300 
35 - 4 0 

10.6 - 12.5 
2.8 

5.5 - 6.5 
2 -6xl0* 
20 - 30 
< 10 ' 

4.000 ± 200 
2 0 - 3 0 

-
-

5.5 - 6.5 
10' 
100 

, 10" 

Pool 

400 
3 5 - 4 5 

5.5 - 6.5 
10" 
20 

•; 10-» 

Fuel elements 

Maximum nominal hot spot temperature(°C) 
for inlet temperature of 40°C 
Heat flux maximum (W.cm •) : 

nominal 
admissible 

121 - 145 

331 - 460 
600 

Water velocity between plates (m.s ' ) 

Liquid effluent production 

10 

Cold 
Warm 
Hot 

Gaseous effluents 

Ventilation of containment 

< 10-' uCi.cm ' 
10 5 to I03uCt.cm ' 

> 10 : uCi.cm > 

38,000 m'.h ' 

Consumption 

Electricity 

1.288 m 
10.634 m 

444 m: 

.8.3' 
building 

Ventilation of machine hall 83,000 m'.h ' 
Radioactivity at chimney 5x10~" ^ i . e m 

Dcmineralized water 
Uranium 235 

8.348,616 kWh 

318.920 m' 
15.3 kg 
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7.3.1.2. Reactor power traasieats 

During the preparation of the power transient for some irradiation devices of the TRIBULATION PROGRAMME and for 
the MOL 18B3 experiment, the observations indicated that the 'He pressure variation in the neutron screen device did not 
give the fuel pin linear power transient specified. 

Therefore, a theoretical an»1 experimental e aluation was done immediately and led to a reactor operating procedure which 
enabled a reactor power transient, admissible for the reactor safety requirements and for the experimental loading, to be 
associated with the JHe pressure variation so as to meet the specifications on the fuel pin linear power transient. 

The general procedure includes the three following steps. 

1. The day before the planned power transient, the detailed operation procedure is written based on the observations done 
up to this time on the irradiation device asking the power transient, the rest of the experimental reactor loading and the 
reactor nuclear control, mainly control rods reactivity. 

2. About two hours before the actual power transient, the initial reactor conditions asked for the power transient are 
established. By reactor power decrease and shim rod position variation, the irradiation device to be submitted to the transient 
is placed at its nominal initial irradiation conditions and the rest of the reactor loading is placed at such irradiation conditions 
that their nominal irradiation conditions are net trespassed at the maximum power transient. 

3. The power transient is carried out, the various normal safety levels of the reactor nuclear control having been checked 
within one hour before, as back-up for the prescribed manual action done by the reactor operator. 

In 1984, this general procedure was applied 5 times and can now be considered as a standard procedure. 

As an example. Fig. 7.3.1.2. gives the power variation obtained during the first transient done on the MOL 18B3 irradiation 
device loaded in channel D 180 during cycle 9 84. 

According to the observations carried out during these reactor power transients, it can be concluded that with reactor loadings 
having core configurations similar to configuration 10 (Fig. 7.3.1.La.), it is possible to run in the BR2 reactor power transients 
with the following specifications : 

- reactor power increase rate up to 4 ... 5 °„ s; 
- total reactor power variation less than - 25 "„; 
- transient duration not shorter than 5 s. 

Obviously, these limits are obtained with the reactor control used routine.) and safely without adding any special control 
circuits. 

o 1.6 

S '-5 

n. 
G l.t 

i 
o 
a 

o 

1.3 

a 1.2 " 

.1 -

1.0 

(d) = l i p c o n t r o l 
;b) - r e a c i o ' p o w e r c o n t r o l 
(c)= f o l d ! r o i j p o w e r d in i i l i l I I I I H l d ) « ( h ) 

riidx r s l p : W . Vo / ', 
mean r ,t I c 1 !"/„ / - , 

I imp 0 i ' . ' . H - t »Me M o w cjf f 

I n iha 1 r o d powe r = fj \j W / c n t 

-1 U ? '• 6 H 10 12 H, 

Fig. 7.1.1,2. MOI. IH.R.1 Power inwwni I tRR2 cycle 'J H4Ai 

15 3 S Vo 

1 2 ( . ° / , 

16 T i m e ( s ) 
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7.3.1.3. Cikntfatioa of the reactor kndiag 

Due to the presence of highly absorbing rigs, the loading of several sets of experimental devices demanding various irradiation 
conditions, the irradiation of pre- irradiated fuel pins, the routine use of elements containing burnable poisons and the use 
of different absorbing plugs, reactor loading determination has become so complex that simple calculation procedures are no 
longer feasible. 

Consequently, for the calculation of the load and the main characteristics of the core and reflector channels, two computer 
programmes adapted to the SCK'CEN IBM 4341 computer were routinely used, namely the PERT code and the TRPT2 
code. 

The PERT (PERTURBATION) code is based on measurements in BR02 and BR2; it is used for the determination of the 
main characteristics of the core channels at the beginning of the cycle. The TRPT2 code is in use since the first cycle of 
1984; it is a variant of the TRPT code developed in 1980 on the basis of the neutron transport theory (three energy groups : 
( 0.5 eV. | E ', ) 0.1 MeVj. Since discrepancies, which were not negligible, have been observed between the values of the 
epithermal and fast flux measured by DCI detectors and those calculated according to the TRPT code, mainly for the fuel 
elements channels, the variant TRPT2 was developed on the basis of results of neutron flux measurements in BR2 at low 
power. The improvement is due mainly to correction of cross-section tables and of moderating nuclei. As far as the irradiation 
conditions 4n the core and reflector channels during the cycle are concerned, the TRPT2 code is used. 

During 1984, there were 22 start-ups, which involved putting into service 198 instrumented rigs (129 in the core, 69 in the 
reflector), of which 8 were started up for the first time. Two unscheduled shut-downs were due to irradiation conditions being 
not satisfactory (in each case, for pre-irradiated fuel pins); after stop of the reactor, the reactor loading was modified according 
to the observations made. It is also noteworthy that in order .o fulfil the often opposing demands from the various experimenters, 
it was usually necessary to modify the reactor power during the cycle, and on some occasions, to finish a cycle with one or 
more control rods partly inserted. In addition, during several intermediate or unscheduled shut-downs, advantage was taken 
of the opportunity to modify reactor loading in order to obtain better irradiation conditions for some rigs. 

7ii«e 7 3.1.4M. 
Evolution of the operating parameters of the BR2 reactor 

A. General data since date of commissioning 

Year 

1963* 
1964* 
1965* 
1966* 
1967* 
196? 
1969* 
1970* 
1971* 
1972* 
1973* 
1974* 
1975* 
1976* 
1977* 
1978* 
1980* 
1981* 
1982* 
1983* 
1984* 

Total 

Configuration 

5 
5 

5 and 6 
6 
e 
6 
6 
6 

6 and 7 
7 
7 

7 and 8 
8 
8 

8 and 9 
9 
9 
9 

9 and 10 
10 
10 

Number of days 
operated 

154.5 
226.5 
189.8 
219.8 
174.4 
213.9 
229.3 
218.0 
203.9 
230.4 
248.7 
217.3 
218.8 
235.8 
240.0 
193.0 
110.2 
217.8 
"85.0 
193.7 
226.6 

4,347.4 

Nominal power 
(MW) 

17 - 34 
34 

34 - 57 
57 

57 -63 
58.5 - 67 
66.5 - 71 

67 - 70 
70 

70 - 73.5 
70 - 73.5 
,0 - 80 

74.5 - 80.5 
74.5 - 79.5 

77 - 100 
83 - 106 

78.5 - 99.5 
81.5 - 83 
52.5 - 83 

56 - 68 
55.5 - 71.6 

Energy 
produced 
(MWd) 

3,292 
7,595 
8,599 

12,576 
10,564 
13,168 
15.155 
15,057 
14,478 
17,568 
20,643 
16,320 
16,487 
17,373 
19,583 
16,477 
8,71.3 

18,124 
13,378 
11,569 
12,766 

289,485 

* Shut-down nf the reactor during !979 and the first pan of IQXf) for the replacement of the hen-Ilium matrix. 
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Table T.i.lA.b. 
Evolution of the operation parameters of the BR2 reactor 

B. Operating analysis 1980 - 1984 

1980 1981 1982 1983 1984 

days days days days days 

REACTOR STATE 

Operational 110.2 
Routine shut- 35.0 
downs 
Extension of routine 
shut-downs 42.5 
Unscheduled shut
downs 14.8 
Large-scale mainte
nance work* 

54.4 
17.3 

21.0 

7.3 

-

217.8 
84.0 

27.2 

12.0 

-

63.9 
24.6 

8.0 

3.5 

-

185.0 
77.0 

89.3 

12.2 

-

50.9 
21.2 

24.5 

3.4 

-

193.7 
77.0 

80.1 

4.7 

-

54.5 
21.7 

22.5 

1.3 

-

226.6 
84.0 

80.2 

7.5 

-

56.9 
21.1 

20.1 

1.9 

-

Total 202.5 100 341.0 100 363.5 100 355.5 100 398.3 100 

OPERATING COEFFICIENTS 
Theoretical 75 
Actual 54.4 

73.8 
63.9 

73.8 
50.9 

75 
54.5 

75 
56.9 

' Shul-dom of the reactor during 1979 and the first part of 1980 for the replacement of the beryllium matrix. 

Table 7.3.1.4.C 
Evolution of the operation parameters of the BR2 reactor 

C. Reactor power and uranium consumption 

CORE CONFIGURATION 

POWER ( 1 ) 

- nominal (MW) 

- integrated (MWd) 

URANIUM CONSUMPTION 

- mass of 2)5U (2) 
- number of elements "alloy" 

"cermet" 
- average apparent burn-up (3) 
- specific (3) (clements/10' MWd) 

1980(4) 

9 

78.5 to 99.5 
8,713 

1981 

9 

81.5 to 83 
18,124 

1982 

9 and 10 

52.5 to 83 
13,378 

1983 

10 

56 to 68 
11,569 

1984 

10 

55.5 to 71.6 
12,766 

(g) 
-
" 

(%) 

10,481 
-

58+1 Vis 

42.9 
7.0 

21,886 
2 

60+2 Xs 

84.0 
3.7 

16.073 
2 

78+1 Illn 
+ 1 Xs 

48.4 
6.2 

13,872 
-

86+2 Illn 

40.1 
7.4 

15,311 
-

82+2 Illn 

46.4 
6.4 

It) Readfrim "N measuring chain. 
(21 Thermal balance. 
(1) Fresh elements loaded in standard channels. 
(4} Shut-down of the reactor during 1979 and the first part of 1980 for the replacement of the beryllium matrix. 
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7.3.1.4. Evolution of reactor operation 

Regular operation of BR2 with an experimental load began in 1963. Tables 7.3.l.4.a., b., c. give a general review of the 
evolution of the operating parameters since then. It should be noted that the continued effort to optimize fuel loading according 
to the needs of the experiments, has enabled fuel consumption to be maintained at a remarkably low level. The specific fuel 
consumption in 1984 was 6 standard elements per 1000 MWd compared with 7 in 1983, 12 in 1971, (first routine utilization 
of cermet type fuel elements) and 23 at the beginning of reactor operation (with alloy type fuel elements). 

As for the future, it will be attempted to adapt the irradiation capacity and the operating conditions of BR2 according to 
the experimental loading planned. The various points now under investigation are : 

- the possibilities of tailoring the BR2 neutron spectrum, i.e. of irradiating, in BR2, fissile or structural materials intended 
for reactors of several types (fission and fusion) in such a way that irradiation effects would correspond to those expected 
in these reactors; 
- the neutron characteristics (power levels and radial depression) that would be obtained when irradiating fast reactor fuel 
pins, pre-irradiated in fast reactors; 
- the irradiation conditions which can be obtained under cadmium or other screens in the central HI channel or the outer 
200 mm channels, depending on whether the rig is surrounded by a driver fuel element or not; 
- power transients on fuel pins irradiated under cadmium screens; 
- the increase in the maximum hot spot specific power from the present 470 W/cm2 level to 550 or 600 W/cm2; 
- an improved flow distribution of the reactor primary circuit water coolant in order to avoid difficulties when more power 
has to be dissipated; 
- measures to enhance the number of positions with high thermal neutron flux in the central channel HI; 
- measures to enhance the neutron flux in the beam tubes; 
- special campaigns of short duration, in order to carry out some of the safety experiments planned. 

7.3.2. OPERATING INCIDENTS 

The difference between the theoretical value of the operating coefficient (75"„) and the value of 56.9 °„ actually reached, 
was due to the loss of 87.7 days running time, caused by extensions of routine shut-downs, intermediate shut-downs and 
operating incidents leading to unscheduled shut-downs. 

Intermediate shut-downs and extensions of routine shut-downs caused the loss of 80.2 days, as follows : 

- Christmas holidays 1983 : 
(reduction of the weekly working time); 
- requests of the experimental programme : 
(radioisotopes, MOI. 7C 4 and MOL 7C 5, MOL 18 B3, TRIBULATION, GAIN); 
- physics measurements at low power : 

- 'He poisoning of the beryllium matrix 
- cadmium consumption of the control rods; 

- miscellaneous ; 32.7 "„ 
- inspection of the beryllium matrix. 
- test of the tightness of the containment building; 
- inspection of the BR2 fuel elements (fission products release); 
- replacement of absorbing parts of mechanisms of the reactor control rods; 
- installation of new equipment and various maintenance works (see par. 7.3.4.). 

There were 16 unscheduled shut-downs, which involved a loss of 180.5 h or 7.5 days operation time. Details arc given in 
Table 7.3.2. 

Among the unscheduled shut-downs, 9 were due to various reactor equipment failures, namely failure in ; 
- the reactor power monitoring system AI (3 cases); 
- the measuring system of the reactor primary circuit in- and out-pressure difference; 
- the emergency electrical power supply group n° 1; 
- the linear chamber monitoring system; 
- the amplifier of the reactor power regulating system Rl; 
- the electrical power supply of the reactor control room; 
- the tritium monitor RM-TRI4 of the reactor containment building. 
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Table 7.3.2. 
BR2 - Operating incidents (unscheduled shut-downs) 

1980(*) 1981 1982 1983 1984 

Type of incident Number Duration Number Duration Number Duration Number Duration Number Duration 
(h) (h) (h) (h) (h) 

Control rod - 4 48.2 2 50.1 - - 3 0.6 
failures 
Heat exchanger - - - - - - - - - -
leaks 
Fission products in 
the primary 1 79.9 2 69.6 - - - - - -
circuit 
Other reactor equip
ment failures 2 151.4 2 149.2 1 52.4 2 50.3 9 143.5 
Human errors _ _ _ _ i 1 0 . 2 
Experiments 
- irradiation condi

tions not satis
factory 1 56.9 1 22.5 5 190.1 2 36.2 

- rig or out-of-pile 
equipment 1 66.1 1 - 2 0.2 3 62.2 1 
failure 

Total 5 354.3 10 289.5 12 292.8 5 112.5 16 180.5 

Shut-down of the reactor during IV7V and first part of 1980 for beryllium matrix replacement. 

In 1984, no unscheduled shut-down was due to release of fission products by the BR2 fuel elements. However, high fission 
product activity was observed in the reactor primary circuit water during the cycles 2/84, 6/84, 7/84, 8/84, 9/84 and 11 84; 
in total, 15 BR2 fuel elements were found defective. Up to now, no clear indication has been obtained on the cause of these 
defects. 

In 1981, several difficulties were encounteied with irradiation devices used for power transients and using 'He as neutron 
screen; in particular, release of tritium into the reactor containment building was observed. Modifications of the procedures 
and of the out-of-pile equipment enabled the irradiation campaigns, interrupted by these incidents, to be resumed in 1982. 
In 1984, 'He absorbing screens were also used and one had to cope with a permanent tritium risk in BR2 installations 
(reactor containment building and hot-cells). However, it was confirmed that this risk can be managed by appropriate operating 
procedures, a rather cxtented tritium monitoring system and regular tightness checks of the various circuits in order to avoid 
tritium release in areas normally accessible to personnel. 

7.3.3. REACTOR FUEL CYCLE 

The BR2 reactor presently uses highly enriched uranium (93 °„ J"l!) , this use being determined by the irradiation conditions 
required by the experimental programme. 

It should be noted that special safeguards measures are applied : 
- safe deposit of the fresh fuel elements, with permanent monitoring of the access and special procedures for strong-cave 
opening. 
- double fence around the BR2 installations with guard-house and military patrol: 
- restricted access to the BR2 area. 
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With reference to the NPT (Non Proliferation Treaty). Argonnc National Laboratory (ANL) has initiated the Reduced 
Enrichment Research and Test Reactor programme (RERTR). The scope of this international programme is to replace, in 
research and test reactors, the highly enriched uranium presently used (HEU) (90 - 93 °„ -"U) by low enriched uranium 
(LEU) (< 20 "„ 2)5U). The means proposed to reduce the fuel enrichment are the following : 
- changing the core arrangement (if significant or feasible); 
- increasing the quantity of uranium in the fuel plates by 

. increasing the uranium density (by the use of new alloys as U,Si, or U,Si instead of UA1, presently used) and or 

. increasing the fuel "meat" thickness. 

When reducing fuel enrichment, the questions to be considered are the following : 
- reactor performance (a-ailable neutron flux and reactor cycle length); 
- critical mass, reactivity consumption and control; 
- hot spot factor; 
- technological availability of the new fuel elements; 
- irradiation behaviour; 
- licensing procedure; 
- fuel cycle cost. 

Since the beginning, the SCK/CEN has followed carefully the RERTR activities and has offered its collaboration, in particular 
positions in the BR2 reactor for testing newly proposed fuel element prototypes. 

Concerning the possible use of LEU fuel for BR2 operation, the following should be pointed out. 

- In the past, the characteristics of the BR2 fuel elements and the core performances have been progressively improved in 
order to enlarge the irradiation possibilities and to reduce the fuel cycle cost. The present situation is an optimized one: 
therefore, any modification should be carefully analysed and justified. 

- The iiydraulic loop of the BR2 reactor cannot be modified; only marginal modifications of the fuel element geometry may 
be considered within the tolerances admitted. 

- As the BR2 reactor is very undermoderated, fuel enrichment reduction leads to an important increase in the fuel density 
in order to compensate not only for the enrichment reduction but also for the increased neutron absorption in :'*U. More 
specifically, for the BR2 reactor, with LEU fuel (< 20 °„ ! "U enrichment), the fuel plates have to contain 72 mg ;-"U cm : 

which corresponds to a fuel density of 7.08 g U,cmJ (instead of 1.27 g U .m' with the fu.l presently used) for an unmodified 
meat thickness of 0.508 mm. 

- The BR2 fuel elements consist of concentric tubes, each made up of sectors. The sector plates are cylindrical))' curved. 
The curvature must be realized with narrow tolerances in order to obtain the specified cooling water gap. LEU high density 
fuel containing burnable poisons will provoke technological difficulties which are still to be solved, especially if the meat 
thickness is increased, which would narrow the tolerance on the water gap thickness. 

- In the present circumstances (the BR2 experimental programme and the present fuel technology), the BR2 reactor has still 
to use highly enriched uranium (90 ... 93 "„ 2' U). 

As the RERTR programme is progressing to the fuel density region of 7.1 g U cm', an agreement of co-operation between 
SCK/CEN and the ANL has been concluded to investigate the possible options for converting the BR2 reactor from the use 
of HEU fuel to the use of LEU fuel. The Tirst phase of the programme is aimed at analysis and fuel testing, carried out in parallel. 
The analytical activities will characterize each main option for conversion in sufficient detail, in order to ;illow a decision on 
the irradiation of prototype elements. Thermohydraulics and ncutronics conditions in the BR2 will be studied with LEU fuel 
for various fuel meat thicknesses (at least the present 0.508 mm thickness and up to 0.76 mm thickness) and various uranium 
densities in the fuel meat (between 4.8 g U/'cm' and 7.2 g U/cm'). Other design variables, such as the selection of burnable 
poisons and number of ilates per element, will also be considered. For each option, the performance, safety and economic-
implications will be assessed. 

The fuel testing activities of the first phase will concentrate on testing in the BR2 prototype full-sized LEU fuel elements. 
The two main fuel types to be considered are U,Si (4.0 wt.°„ Si) and U,Si,, (5.5 wt."„ Si). A volumetric uranium density of 
5.5 g/cm' appears to be a good choice for bot' fuel types based upon previous irradiation results. The element design (in 
particular the meat thickness) will be determined on the basis of preliminary neutronics and thcrmohydraulic analyses and 
information acquired from the fuel vendors. Ideally, each of the currently established materials testing reactor fuel manufacturers 
(CERCA, NUKEM, and B&W) will fabricate two elements, one containing U,Si,, and one containing U,Si. In a later phase, 
when high fuel density () 7 g U/cm') LEU fuel will be available, similar tests will be carried out on BR2 full-r.iz.cd fuel 
elements containing this kind of fuel. Testing of BR2 full-sized LF'U plates will be undertaken after successful irradiation of 
miniplates in other reactors. 
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7.3.4. REACTOR EQUIPMENT 

In 1984, the main heat exchangers did not present special operating difficulties from the point of view of heat transfer. On 
the other hand, leaks between penary and secondary circuits were observed during several cycles; during the following shut
downs, after location of the leaks (in the North or the Central main heat exchangers), the two ends of the leaking tubes 
were plugged according to the usual procedure. There are three heat exchangers; each of them contains 1210 tubes. The 
number of plugged tubes is given in Table 7.3.4. 

The present heat exchangers are in use since November 1971. In the Central heal exchanger, one tube had to be plugged 
during fabrication and in the North one, 5 tubes had to be plugged at the beginning of its use. These leaks have been caused 
by inechanical Jammage as a result of vibration. For the tubes plugged in 1984. the positions of the leaks along the tubes 
could not be determined so that the cause of the leaks (corrosion or vibration) cannot be defined. However, as the leaks arc 
not located in the horizontal part of the tubes, close to the inlet of the primary water, and the leaking tubes are not located 
at the outer side of the bundle, mechanical vibrations arc probably not the cause of the leaks. 

Leaks were also observed in the heat exchangers of the reactor pool; 
consequently several tubes had to be plugged : 
- 7 tubes in the North pool exchangers, 
- I tube in the South pool exchangers. 

Various tasks were carried out, either to facilitate the use of the reactor installation by the experimenters or to improve the 
performance, safety and knowledge of operation characteristics of the reactor. The most importa it tasks were the following 

- construction and installation, in BR2, of a second DGR in-pile section for the irradiation o f - " I ' ("Mo + "'Xe production 
programme); 
- according to the Royal Decree of 1982 which completes and modifies the BR2 operation authorization regulation : 

. installation of a venting system for the rupture discs of the reactor primary circuit; 

. connection of the primary side of thf pool communication valve to the anti-siphon loop; 

. various studies concerning protection against a gas bubble in the reactor vessel, common mode failures and influence of 
a reactor vessel rupture on the reactor safety; 
- test of the tightness of the containment building; 
- installation of a second closing command system of the reactor containment building isolating valves; 
- installation of a monitoring system of the tightness of the reactor building penetrations; 
- inspection of the beryllium matrix (which did not reveal any abnormal features) by 
- measurement of the beryllium lengths and diameters; 

. verification of the position of guide tubes above the beryllium hexagons: 
- inspection of the bolts of the reactor primary circuit in the pool; 
- inspection and replacement of fixation bolts of the 25/5 tons crane above the reactor water pool; 
- continuation of the modernization and improvement of the reactor control instrumentation and health physics equipment; 
as examples we may cite the construction of new linear measuring channels and the installation of new gamma monitoring 
chambers; 
- continuation wiih the preparation of 6 mobile FAFNIR simulators (absorber devices); 
- study of the motorization of the calorimetric probes and of the start-up chambers; 
- installation of the data acquisition system (MACSYM) for the experiments; 
- continuation of the installation of the data acquisition system DF.C for monitoring the BR2 installations (reactor, proce-s, 
ventilation system, diesel, hot-cells). 

In addition, the BR2 technical support team gave assistance to other projects developed at SCK CEN. e.g. the design of an 
instrumentation and control system for a VENUS type reactor to be installed in Libya (LIBRA project). 

Table 73.4. 
Number of plugged tubes in the BR2 heal exchangers 

Heat exchanger end 1983 

North 8 
Central 6 
Soutn 
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7.3.5. REACTOR UTILIZATION 

Cn average, 60 reactor channels were occupied by experimental eouipment. compared with 62 in 1983 (see Fig. 7.3.5.a. ). 
The ïverage distribution of use of the channels is given in Table 7._>.5. 

Fig. 7.3.5.b. shows the relative importance of the various types of irradiations which took place in the core and reflector, 
excluding the multipurpose devices, measuring probes, beryllium matrix samples, and the absorber rigs necessary to balance 
reactor loading. 

This distribution is based on the fast irradiation units (UIR) produced : a UIR is defined as the product of a unit of volume 
(1 cm') multiplied by an integrated dose of fast neutrons (E ) 100 keV) of lO^n/cnr1. The fast flux is used because utilization 
of the reactor is mainly directed towards irradiation programmes requiring fast neutron fluxes; in 1984, irradiations for the 
sodium cooled fast reactor and fusion reactor programmes accounted for 78.4 °0 of reactor utilization. 

The graphs in Fig. 7.3.5.C. represent the evolution of rtactor use during the last years. They show : 
- the total number of channels occupied each cycle in the core, the reflector and the pool; 
- the hourly production in the core and in the reflector (excluding the hydraulic rabbit, the self-service thimbles DG 36, the 
measuring probes, the beryllium samples and the absorber models); 
- the annual production in the core and in the reflector (on the same basis as the hourly production). 
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Fig. 7.3.5.a. BR2 Average number of reactor channels occupied 
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TaMe 7..?.5 
BR2 - Average distribution of use of the channels 

Purpose Nu.Tiber of channels occupied 

1977 1978 1980* 1981 1982 1983 

1. In the pressure vessel 
Study of radiation effects 
• fuel and fuel pins 
• structural material 

23 
4 

21 
2 

15 
2 

16 
2 

Transmutation programmes 
• production of actinium, 

transplutonium elements and 
special targets 

• cobalt 60 
• various radioisotopes 
Multi-purpose equipment 
(rabbit, self-service thimble) 
Measuring probes and mock-ups 
Beryllium matrix samples 

2. Outside the pressure vessel 
Fundamental physics research 
Multi-purpose equipment 
(pool tubes, neutron-radiography, 
gamma irradiation) 

5 
4 

2 
9 
8 

7 
3 

6 
4 

2 
23 
7 

7 
6 

5 
2 

3 
17 
12 

7 
3 

7 
3 

3 
14 
12 

7 
3 

11 
3 

3 
9 

12 

7 
3 

14 
5 

2 
12 
6 

7 
5 

Total 75 78 67 68 61 62 

' Shut-down of the reactor during 1979 and the first part of 1980 for beryllium matrix replacement. 
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Fi]?. 7.3.5.C. Evolution of the occupation of the BR2 reactor from January 1975 till December 1984 

7.4. HOT LABORATORIES 

7.4.1. VERY HIGH ACTIVITY CELLS (60.000 Ci - 3 MeV) 
(A. Geoffroy. F. Léonard, C. Lambiet) 

The utilization factor of the cells was similar to that reached in previous years. The evolution of cell occupation is given in 
Table 7.4.1. 

The main work carried out in the dismantling ceil consisted of the following operations: 

- dismantling of 
. the MOL 7C4 sodium loop; 
. sodium :>r NaK filled rigs containing fuel pins or structural material samples; 
. pressurized water capsules containing LWR fuel pins; 
. baskets for the irradiation of fuel pins, directly cooled by the BR2 primary cooling water; 
. BR3 fuel elements. 
- loading of -ire-irradiated fuel pins into irradiation rigs; 
- reloading of fuel pins into BR3 fuel elements; 
- loading of 30 pre-irradiated fuel pins into the test train of the MOL 7C5 loop and loading of the test train into the loop; 
- handling of aluminium capsules containing cobalt grains or discs, 'rradiated in BR2 control rods or in standard irradiation 
rigs; 
- maintenance of gamma irradiation facilities and radiotherapy installations; 
- transfer and disposal of old wCo sources; 
- preparation of neutron-radiographies. 
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Table 7.4.1. 
Evolution of BR2 hot-cells occupation 

1980 1981 1982 1983 1984 

- Dismantling cell 
• occupation (h) 1.353 1.143 1.347 1.117 1,210 
•utilization 71 60 71 59 64 

factor (»„) 
- Observation cell 

• occupation (h) 912 973 742 813 7% 
• utilization 4S 51 39 43 42 

factor ("„) 

The main work carried out in the observation cell was related to non-destructive examinations on irradiated fuel pins extracted 
from BR2 irradiation devices and BR3. KNK II, RAPSODIE, and SENA fuel elements. These examinations included visual 
inspection with photography, dimensional measurements, weight measurements, auto-gammagraphy and leak test (dry sipping). 
The auto-gammagraphies were carried out by means of a Ge-Li detector and with the support of the Reactor Physics 
department. 

Several times, cell operation was interrupted for decontamination, maintenance work (in particular of the dimensional 
measurements irstallation) and improvement of the equipment, (as the preparation of storage facilities in the -1.98 m level 
cell). 

7.4.2. MEDIUM ACTIVITY LABORATORY 

The work performed in the medium activity and high laboratory (LHMA) is described in previous chapters and in par. 8.5. 

7.5. REACTOR PHYSICS STUDIES IN SUPPORT OF THE IRRADIATION PRO
GRAMME AND OF THE REACTOR OPERATION 
(J. Debrue, Ch. De Raedl, P. DTioodt. L. Fouarge, R. Menil, P. Vanmechelen, J. Vincent) 

The reactor physics studies carried out in support of the irradiations ana of the reactor operation include : 

- calculations and or measurements in BR02 for PAHR, MOL 7D, MOL 7C and other fast reactor irradiation programmes 
and for fusion structural materials and blanket breeding materials testing programmes, such as FAFUMA and ISOLA; 
- fast flux dosimetry in BR2 and or BR02 in support of the ferriiic steel development programme and of the FAFUivIA 
programme; 
- routine dosimetry in BR2 in support of reactor operation. 

7.5.1. IRRADIATION DEVICES 

- After the one-dimensional (R) neutron and gamma calculations performed nearly two years ago for the PIRAMID-1 (PAHR, 
stage 1. without steel in the debris bed) irradiation, leading to the optimization of the device configuration, two-dimensional 
(R.Z) neiitron and gamma calculations wer prepared and carried out with the DOT 3.5 code for debris bed heights of I? 
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and 15 cm. They confirm, for the axially central zone of the debris bed. the one-dimensionu) calculations and provide 
information concerning the Z-variation of the heating, more particularly near the top of the debris bed and near the crucible 
bottom plate. Some details are given in paragraph 2.5.2.3. [1 9J. One-dimensional (R) neutron and gamma calculations were 
then performed for PIRAMID-2 and PIRAMID-3 (PAHR, stages 2 and 3. with ind without steel in the debris bed. respectively) 
in order to optimize these devices, a limited choice of some of the materials constituting the in-pile section still being possible 
: several variants of the crucible, of the thermal shield and of the Na containment tube have thus been examined. 

- The comparison between dosimetry results and neutronic calculations for the MOL 7D loop was completed, taking into 
account the post-irradiation radiochemism burn-up measurements. 

- The dosimetry work related to the irradiation of ferritic steel samples in the DISP 06 device (ISIS programme) was 
completed The integrated fast neutron fluence (> 100 keV) amounts to 1.0 x 10"n.cm: after two calendar years of irradiation. 
- In support of the FAFUMA (FAligue of FUsion reactor MAterials) irradiation programme, detectors havs been irradiated 
in channels B300 and B60 of BR2. in order to determine the neutron hux spectrum and flux level in ; FAFUMA-type device. 
The results have been analysed. On the other hand, a series of high energy activation dosimeters, calibrated fission chambers 
(:"U and -*7Np) and damage detectors have been irradiated in fuel element channels in BR02. The aim of mis measurement 
campaign is the detailed fast neutron spectrum characterization in support of the FAFUMA programme and other structural 
materials irradiations in BR2. Comparison of the responses of these different sensors with the calculated values is in progress. 

- As part of the study of the irradiation conditions for the testing of fusion materials in materials testing fission reactors, 
tb; irradiation campaign of pure nickel samples in BR2 was brought to an end and analysed. The results provide a check 
of the calculations made in relation to the two-step thermal neutron reaction in nickel, leading to helium formation as reported 
in par. 4.2.2. (3 2. 5.2 25]. 

- As also mentioned in par. 4.2.2.. neutron calculations were performed for the projected ISOLA device, in which fusion 
blanket breeding samples could be irradiated. The lithium-to-tritium transformation rate and radial distribution throughout 
the samples were thus determined for typical BR2 irradiation conditions (3.25], 

7.5.2. REACTOR OPERATION 

- Routine neutron dosimetry measurements in BR2 (see Table 7.5.2.) 

To establish a neutron flux map for the reactor, routine measurements of thermal, epithcrmal and fission neutron fluxes were 
carried out during each cycle in various core and reflector chann.-ls. using AI Co I "„ and AI Ag l "„ detectors for thermal 
and epithermal activation, and Ti and Fe for fission neutrons. In total. 2800 dosimeters wtre used for these measurements. 

Table 7.5.2. 
Routine neutron dosimetry in BR2 during 1984 

3 84 4 84 5 84 6 84 7 84 8 84 9 84 10 84 1184 12 84 

4 6 6 5 6 5 5 6 6 4 

5 5 4 4 4 5 5 - 6 5 

BR2 cycle 184 2 84 

Number of 5 5 
core 
channels 

Number of 5 1 
reflector 
channels 
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BR? is a powerful anri vc .a t i l e rnatRnals tostirrj reactor (Fin, U which, with it-; related installation- surf' 
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Chapter 8 

SUPPORTING ACTIVITIES AND SERVICES 

8.1. REACTOR PHYSICS 

8.1.1. BRI REACTOR 
(J. Debrae, R. MtmL J. Van Dijck) 

During 1984, the reactor was in operation for 1268 h (which represents a utilization factor of 60 "„) at power levels ranging 
from 10 W to 3.2 MW ; the reactor was started 235 times and the maximum thermal Ruence reached 1.29 x 10"n.cnrJ 

corresponding to a total energy release of 908 MWh. 390 samples were irradiated in the expe.-imental devices, mainly for 
neutron activation analysis. About 65 % of these irradiations were made on behalf of external customers : Belgian or foreign 
industries (industrial control and R&D) and universities (air and water pollution, biological studies). The other samples were 
irradiated at the request of SCK 'CEN departments for calibration of nuclear techniques. Moreover, taking advantage of the 
large square section (24 cm x 24 cm) of the Y6 channel. 445 biological samples from CAMIRA. GEK'LOUX have been 
simultaneously irradiated in a flux gradient of less than two percent ; the scandium contained in the samples has been used 
as radioactive tracer. 

The experimental facilities continued to be used in support of interlaboratory programmes in the following fields: LWR 
pressure vessel surveillance dosimetry, fast reactor physics, fusion research, neutron radiography and nuclear physics. 

The U„,- iron inner shells assemblies, the "5U fission spectrum facilities and the gamma standard devices located in the one-
meter diameter cavity have been used for : 
- spectral characterization using the 'Li(n,a)t technique ; 
- fission chamber measurements in collaboration with ENEA (Cassaccia, 'taly) in order to prepare a dosimetry programme 
for PEC (material testing : jSt neutron reactor) : activation foils were also irradiated for the same purpose ; 
- the calibration of "*U and 2,7Np fission chambers, which were used afterwards in BR02 for measurements in support of 
the FAFUMA (fusion) programme ; 
- testing various types of very sensitive calorimeters (- 10 ;iW/g) from the Imperial College. London. 

Several of these studies were performed in relation with .he VENUS LWR Pressure Vessel benchmark characterization (see 
par. 1.5.1.2.). In the framework of the same programr.ie, SSTR's (Solid State Track Recorders) from HEDL (Hanford 
Engineering and Development Laboratory) were calibrated in a well thcrmaliz'.d device located in the horizontal thermal 
column. 

Special irradiations were carried out in support of other programmes : 
- activation analysis of CBNM reference materials was continued with a view to establishing an inventory of dosimetry 
materials for European laboratories (see par. 2.4.4.) ; 
- one collimated beam was further used by CBNM for a comparative study of the spontaneous fission of J'2Pu and the 
thermal neutron induced fission of u ,Pu ; 
- at the request of the KUL, various samples were examined using the neutron radiography installation ; 
- the delayed neutron counting system has been further automated and tested in irradiation conditions approaching those 
expected in JET (see par. 4.2.1.). 

For two days, the reactor .vas used for training Algerian students. 

A report is being written concerning the BRI safety reassessment ; in relation to this, twenty-six graphite samples were 
machined out of the core moderator for the determination of the Wigner energy accumulated up to now. 

8.1.2. THE TRIGA MARK II REACTOR AT CREN-K 
(L. Leenden, A. Daneels) 

A technical mission went to CREN-Kinshasa for the annual maintenance of the TRIGA MARK II reactor. This mission 
was sponsored by AGCD/ABOS with the oudget remaining trom the three-year agreement between the Republic of Zaire 
and Belgium, signed in 1979. It was also used as a technical overlapping phase helping to prepare a new agreement, which 
was signed on 12th December 1984, for the period 1985-1986. 
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In addition to the reactor maintenance work, including a partial fuel element inspection, a new safety channel basevi on 
standard market modules and on a home wired rack (standardized with the VENUS control room to enable easy exchange 
of spare parts, see par. 1.2.2.) was put into operation. 

At the end of this maintenance operation, the reactor has been demonstrated to operate at I MW in the siable mode and 
at 4(H) MW in the pulsed mode (reactivity excess of- 2 S); afterwards it has been intensively used for activation experiments. 

8.2. INFORMATICS 
(J.F. Dr Greef) 

As a consequence of the strong evolution in the world of information processing, changes took place in the activities for 
several topics during the year 1984. 

One of the most important changes was the shift from taylored large software programming to the implementation of integrated 
end systems including software, hardware and communication. Also, processed data moved from numerical to other types 
such as words, graphs, drawings and images. Finally the use of computers extended from specialized users to end users 
without a DP background, so that information, education and training became an important part of services. Also, research 
and development moved from data processing techniques to the broader field of knowledge technology. 

A general plan for office aiuomation desserving departments, mainly in the field of burotics. personal computing and data
bases, was worked out for a period of three years. On the basis of the implementation of the existing IBM computer network, 
spread all over the buildings of the site, a begin was made in 1984 to implement the plan. Several word processors for 
secretaries and personal computers for professionals and executives were installed for linking to the mainframe network in 
an integrated operation. 

Screening work in the field of artificial intelligence was investigated for possible national and international associations and 
for defining topics of interest for future R&D work. 

8.2.1. OPERATION OF THE COM PI TER NETWORK 
(II.R. Deckers. J. Yandenee) 

Operation of the comput-r network had a twofold purpose : firstly the communication between the users and secondly, the 
access of the users to software packages for common or specific applications. The main tasks concerned the rraintenance of 
the software for operationally and the daily running. 

The network is centralized on the IBM 4341 computer, working in a 3270-protocol environment. About 75 terminals, mainly 
video-displays, are connected to it. Some local network such as the real time data acquisition and processing network of the 
Technology and F.ncrgy Department, and the local network of the real time follow-up network system of the BR2 reactor, 
are connected to the main network. 

For access to international and national institutions, connections are provided at several points with the public national DCS-
network. Furthermore, direct access data lines arc available interconnecting SCK CEN to the computing centre CIV CTI of 
the Ministry of Fconomic Affairs. OVAM (Openbare Vlaamse Afvaimaatschappij) and BN (Belgonuclcairc). The telex network 
will be linked to the mainframe network for automatic telegram communication directly from the computer terminals in the 
offices. 

The a ;tual equipment of the mainframe computer network is composed of : 
- an IBM 4341 2 with 8 Mbytes of core memory : 
- a disk storage (3370) of about 6000 Mbytes : 
- a lineprinter (3203) of 1100 I min : 
- a card reader of 750 c min ; 
- an on-line plotting device (Vcrsatcc). 

During I9S4 about 15 IBM display writers word processors and about 20 personal computers have been installed, most of 
which have been linked to the mainframe computer. 

The use of (iic computer network in 19' can be characterized as follows : 
- on average, the number of users per month was ISO ; 
- the number of virtual machines was 300 with 20 service machines ; 
- the number of display terminals was 6ft. with 10 printers ; 
- about 66 "„ of the 6000 Mbytes was in use : 
- utilisation time was 66 "„ during the day and 10 "„ during nights and weekends. 
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8.2.2. INSTALLATION AND MAINTENANCE 
|R. Ctnm. J.F. De Cmf) 

Installation and mairtenance concerned mainly hardware services of computer equipment including the computer network 
and mini and micro computer equipment. Activities were threefold : 
- performance and compatibility analysis of the equipment hardware to be installed : 
- logging and follow-up of the equipment installed, contracts, inventory and lay-out : 
- installing the equipment for integrated operationality a:id hardware maintenance of the equipment. 

During 1984. it was planned to replace, on the entire site, all telephone communications data lines of the mainframe network 
by co-ax data lines This plan will be carried out in 1985. bringing as a main advantage the distant user to the same level 
as the local user of the mainframe facilities. 

8.2.3. INFORMATION. EDUCATION AND TRAINING 
(L. De Code. I. Merttns-Yaadetekle. G. Peperstnwte) 

Information, education and training activities have been introduced in 19S4 as a consequence of the users expansion to non-
sœcialized people. Three aspects of these activities have heen started with : 
- the follow-up of material available on the markot : 
- the information of the user about computer capabilities already available : 
- training of the user. 
For these aspects a team was set up for permanent support to the users. Information, training and support concerned mainly 
the implementation of burotics. personal computers and databases. 

A Barco video beam projector and a Polaroid slide preparation device, attached to various work stations were installed in 
order to support demonstrations of available software. 

8.2.4. APPLICATIONS 
{H.R. Deckers. G. Pepcrstraete) 

Versatile and user friendly software for small and large size systems became available on the market. It was found that for 
a very large part of applications at SCK CEN. these softwares give a better and more economic solution than home made 
programming. Imp'cmenta'ion of these software packages for several applications included mainly the following activities : 
- study of this software packages : 
- installation of the application with these software packages ; 
- arranging the application in a user friendly way for the end users and to give them training and support. 

Software installed and implemented for that purpose included : 
- GDDM and PGF - Graphic Data Display Manager and Presentation Graphics Feature 
- STAIRS - Storage and Information Retrieval System 
- PROrS Prnfr^ional Office System 
- SQL " Structured Query Language 
- PRF* IF.W and GEDIT - locally developed graphics packages. 

Other software was taken into consideration such as AS - Applications System and DYNAPI.AN - Spreadsheet and QMF 
- Query Management Facility. 

In addition to applications on the mainframe, an extended set of applications were implemented on PCs and other micro
computers, following the actual trend of evolution going from centra'ized system working to distributed i>ui integrated systems. 
Also, worù processors were installed for office automation. 

Implementation of PCs and micro-computers and supporting software included the following applications : 
- automation of measurement and control systems : 
- 'he PC as a tool for professionals ; 
- installations for small entreprises and the like or commercializing o.vn software developments. 

Whilst installing word processors for secretariat automation, special attention was paid to the integration aspect of the word 
processors in the mainframe network via PROFS. 

Finally, automation by CAD - Computer Aided Design - for several departments was considered and a study was started 
to <ct up a general plan for office automation. 

x-.i 



8.2.5. RESEARCH. PROGRAMMING AND ANALYSIS 
(J.F. De Gr*-', H. Depvydt, G. Spaawen, J. Vu Der Parrea, G. Vu Rcosbroeck) 

Research in the field of advanced information technology has been considered for investigation or possible collaboration with 
third organizations and for defining topics of interest. Acquisition of computer software and languages such as LISP and 
PROLOG to be implemented on our computer systems has been made. A project proposal on the basis of a five years 
programme has been introduced for developing expert systems. 

Programming services and software maintenance have been continued for : 
- the implementation of the PDP-11 local computer network controlling the operation of the BR2 reactor ; 
- the mathematical model set-up for evaluation of energy exchange between factories of an industrial site ; 
- the energy bus system for auditing in industry. 

Furthermore, programming support has been given to several departments and mathematical analysis has been continued for : 
- statistical analysis of data from toxicity and teratogenetic studies and experiments ; 
- solar energy systems ; 
- nuclear power plant simulation ; 
- supraconductor systems ; 
- water desalination processes based on freezing ; 
- electricity production unit based on liquid gas evaporation process. 

8.2.6. NUCLEAR POWER PLANT SIMULATOR 
iJ.F. De Greef) 

A third version of the real time PWR power plant simulation on the Basic Principle Simulator of SCK/CEN has been 
prepared, improving the preceding one. 

8.3. METALLURGY AND CERAMICS GROUP 

8.3.1. METALLURGY ANALYTICAL SERVICES 
(J. Pelsmaekers) 

X-ray diffraction analysis 
(J. Buttieits, J. Pelsmaekers) 

A large amount of X-ray diffraction analysis assistance was given to the following programmes : 
- powder metallurgy for ferritic steels. Diffraction studies are carried out on mechanical alloying and cold working on canning 
materials : 
- determination of the phases present in the glassy waste forms ; 
- corrosion in clay relat ;d to the conditioning of cladding waste and to waste container materials ; 
- X-ray diffraction analyses were carried out for cristallographie assistance at single problems of departments, universities 
and companies. 

Scanning electron microscopy (SEM) and energy dispersive analyses of X-rays (EDX) 
11.. Knaepen) 

The SF.M- and EDX-service mainly contributed to the following projects : 
- quality control and characterization of waste glasses ; 
- corrosion study of candidate materials for geological waste disposal : 
- quality control on superconductors ; 
- development of electrodes and membranes for fuel cills and (or the production of hydrogen by electrolysis ; 
- purity control of as received powders for fabrication of alloys ; 
- tensile fracture study of alloys and steels ; 
- corrosion study of sieels in the géothermie brine ; 
- characterization of the Boom clay ; 
- quality control of Ni-3 "„ U drawn rods ; 
- control of local i nalgamaticn of Zn grains by Hg : 
- morphology of sand grains ; 
- quality control of thin diffusion layers on glasses. 
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Electron nkroprobe 
(A. Cools) 

The electron microprobe investigations contributed to the following programmes and studies : 
- study of various glasses and steels in contact with clay and clay water ; 
- stud' of materials from the DcH power plant ; 
- quantitative and qualitative analyses of Zn-Hg samples : 
- qualitative examination of different ferritic steels after heat treatment ; 
- examination of weldings from ferritic steels : 
- examination of ThO.-Y,0, in contact with Li ; 
- study of the reaction of Nb-Zn alloys with sodium. U02 and Ti as a function of temperature : 
- study of the reaction of liquid AI with ZrO, ; 
- qualitative and quantitative analysis of deposits on electrodes for the h Jrogen and fuel cell programmes ; 
- corrosion study of various steels in contact with géothermie water or with H2S at different temperatures. 

Optical microscopy 
(L. Driesen) 

The laboratory received 2.766 samples for metallographic investigation and about 4,687 micrographs have been taken. 
The main programmes which have received support, were the following : 
- ferritic steels : 
- corrosion of different materials for geological disposa! of waste : 
- studies of welds of canning materials. 
A number of analyses were carried out for various organizations. 

Auger electron spectroscopy 
|J. Pelsmaekers, I.. Driesen) 

Auger electron spectroscopy analyses have been carried out for the study of the surface layers of steels and alloys following 
corrosion and heat treatments. Because of the ability to detect Li. Auger electron spectroscopy \*as used extensively for 
studying Li corrosion and Li-alloys. Depth profiling measurements have also been carried out for the study of silicate glasses, 
solar collector plate materials and fuel cladding tubes and plugs. 

Thermal ana'yses 
(L. Codeur, M. (îeladi-Heylen) 

A series of measurements combining theimogravimctry (TG) and differential thermal analysis (DTA) was carried out on 
polyiodophenylacctylene, a semiconducting organic polymer. 

Accurate reaction temperatures in a sample simulating radioactive waste glass were determined by DTA. 

Thermogravimetry has been used to evaluate the water absorption capacity of ionic materials for inorganic ion conducting 
membranes (IME technology). 

The oxida on behaviour of oxide dispersion-strengthened (ODS) ferritic alloys has been investigated by TG under air at 
temperati cs ranging from 950 up to 1250"C. for periods up to So h. 

DTA measurements on ODS ferritic aPoys with various AI contents are in progress in order to determine the phase 
transformation temperatures 

8.3.2. CERAMICS GROUP 
(P. Diels, F. Luyckx) 

Several UO; powder batches have been characterized by scanning electron microscopy for the FBFC plant. 

Mercury density measurements have been performed on mixed oxide fabrication pellets for the Belgonuclcaire plant. 

X-ray diffraction and fluorescence analysis hav been carried out for the geological waste disposal programme and the solar 
energy programme. Some steam generator corrosion products (Doel) have also been analysed by X-ray diffraction. 

Several specific surface area determinations (BRT) have been made on powders used for exploratory research (metallurgy 
department) and for the development of dispersion-strengthened steels. 

An appreciable amount of photographic work has been carried out for various conferences, exhibitions and programmes. 
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8.4. CHEMISTRY 
II.. Baetslé) 

t .4.1. ANALYTICAL CHEMISTRY 
(F. Lievens) 

The available analytical infrastructure has been extended and further automated in view of widening the scope of the services 
and of reducing the response time towards the SCK CEN experiments and external clients. An advanced ion chromatograph 
DIONEX 2020i has heen acquired and put into operation. 

A particular effort was requested by the health authorities when the MS Mont Louis collided in the North Sea ami sunk 
with 300 tons of uranium hexafluoride on board. A continuous day and night service was provided by the technical crews 
specialized in uranium, fluoride and acidity analysis of seawater. 

Metallurgical surveillance of nuclear reactor vessels requires an appropriate support to follow the evolution of impurities in 
welds such as phosphor, copper, sulphur and arsenic. 

8.4.1.1. Certification for neutron dosimetry 
I J. Remy-Defraigne, F. Lievens) 

An exceptional and chalenging type of analysis was accepted during 1985. It concerns the chemical determination of sodium 
in small aluminium foils used for neutron dosimetry. Qualitative analysis indicated that the probable content for sodium is 
in the range of 0.2 ug,g. This amount is at the limit acceptable for a neutron dosimetry application and a more precise 
determination is required. 

Because of the small sample size (20 mg) and the low levels (0.1 ppm). A.A.S. with the graphite furnace was proposed. The 
omni-presence of sodium in the environment, reagents and materials, imposed the outmost care in the choice of containers 
and reagents, ir. order to reduce contpmination to acceptable levels. In pure fresh distilled water and using only quartz 
beakers and pipette tips, a calibration curve was reproducibly obtained. 

For the dissolution of the aluminium foils several reagents were tried, including hydrochloric acid, mercuric salts, nitric acid. 
The best results were obtained vith nitric acid and mercuric nitrate added as catalyst. 

8.4.1.2. Analysis of natural water for toxic metals 
(F. Lievens, J. Remy-Defraigne) 

On behalf of the authorities of the Limburg province, an interlaboratory campaign for the determination of toxic metals in 
natural waters was organized. The aim of these exercises is to evaluate the methods to determinate toxic metals like cadmium, 
arsenic, lead, copper and zinc to be found in trace amounts of the order of ) to 100 ppb in ground .vater. A first exercise-
on 8 simulated water samples, yielded results accurate to about 10 °„ relative. Although the choice of the analytical method 
was free for each participant, most of them used flameless atomic absorption. As an alternative method, I.CRT. was also 
used by one laboratory with relatively good results The accuracy obtained is clearly linked to the concentration levels, since 
elements at ppm level arc measured with a 5 °„ relative precision. 

Further work on a larger and better suited range of elements and concentrations is planned. Since matrix effects have been 
observed, it was also decided that future work would only be made on natural samples. 

Fig. HA.1.2. Results for cadmium in water showing the ± 10 "„ relative limits obtained in the inlerlahorcttory exercise (concentration 
added in abscissa ; measured concentrations in ordinale). 
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8.4.1.3. Characterizatioa of coal 
(F. Lietens, I. Delespaul, J. Remy-Defraigne) 

The renewed interest in coal as an alternative energy source, has motivated the certification of coal reference materials, on 
which existing chemical analytical methods may be assayed. SCK/CEN contributed to the screening exercises organized by 
the European Community Bureau of Reference, and will participate in 1985, in the certification of three coal standards with 
regard to the major components (carbon, hydrogen, humidity and nitrogen). Another contract was also ob'.ained for the 
certification of vanadium, zinc, manganese and mercury in the same coal samples. These trace elements belong to the 
constituent of fly-ash resulting from coal combustion ; hence, reference materials with low certified levels of these elements 
are also important for assaying chemical determination methods used in environmental surveys. 

Coal is a very heterogeneous natural product displaying a great capacity for absorption of water and gases ; it is also promptly 
oxidized. The 2xercise on coal analysis was therefore interesting for all participants in the certification campaign. It contributed 
to an exchange of information on sampling techniques, on making the sample homogeneous, and on standardizing the 
analytical determination procedures. In the SCK/CEN laboratory, comparative determinations were made using existing 
normalized procedures, in oroer to verify their equivalence with th'; procedures used by SCK CEN. For trace metals, no 
normail^od procedures are available. Comparative determinations were made on ashed samples, and on samples as received. 
Except for mercury, no loss ot metals was observed by ashing the samples at 800°C. Acid leaching on the ashes to obtain 
solutions of the metals, proved tc be incomplete. A fraction of the metals remained undissolved in the silicate residue. 

8.4. t.4. Reactor vessel supervision 
(L. Vandevelde, T. Rymen, F. Lietens) 

At first phosphor, sulphur, copper and arsenic contents of reactor vessel material were determined directly on metallic samples 
with Spark Source Mass Spectrography. Although the results obtained proved sufficiently accurate, the amount of sample 
consumed for the analysis was very small (typically 30 to 100 ug), and local inhomogeneities have a tremendous effect on 
the representativity of the results for the bulk of the sample. Therefore, it seemed appropriate to use another analytical 
approach and to dissolve the sample, in order to obtain a homogeneous solution representing at least 0.5 cm'. Inductively 
Coupled Plasma Torch Atomic Emission Spectrometry is a suitable technique for the determination of the elements, because 
it has good sensitivity, selectivity and a reproducibility of the measurements better than 5 "„ relative. It is also relatively easy 
to confine the plasma source in order to allow the injection of radioactive samples. 

Control analyses on unirradiated steel reference materials from NBS and BCS proved that reliable results could be obtained 
for copper, nickel and molybdenum by analysing directly the solution, -'ilicon is not completely dissolved in acid m- !'um 
and should therefore need a melt procedure. 

In order to reduce the need for heavy shielding of the plasma source during analysis of irradiated samples, it was tried to 
separate the elements to be analysed from the iron matrix. Using anion exchange, it was possible to elute quantitatively 
copper r.nd nickel with 6 M hydrochloric acid, and leave the iron on the column. Molybdenum is eluted with 0.04 molar 
ammonium thiocyanate from £ cation exchange resin. The solutions containing the separated elements arc further analysed 
with JCPT-AES. 

Due to a strong interference of inn and copper emission lines, it is impossible to measure phosphor directly on the dissolved 
samples. A separation method is being developed. 

8.4.1.5. Determination of anions by ion chromatography 
(J. Remy-Defraigne) 

The Dionex 2020i ion chromatograph is a dual channel high performance chromatographic system allowing independent or 
coupled operation. Both channels are provided with an analytical pump, a pre column, separation column, fiber suppression 
column and conductivity detector (see Fig. 8.4.1.5.a.). One channel is provided with a column temperature co.itrol. 

Fiber suppression columns permit continuous operation while offering maximum chromatographic efficiency and signal-to-
noise ratios. New types of polystyrene based separation resins (see Fig. 8.4.1.5.b.) and high pression columns permit high 
speed separations. 

Determination time is shortened by a factor of 3. The retention time for S04 is reduced from 45 minutes to 12 minutes 
without loss of separation efficiency. 

8.4.1.6. Analytical control of candidate organic pollutant reference materials 
(T. Rymen) 

Under contract with the Community Bure?u of Reference, a series of oiganic pollutant reference materials were analysed 
and certified for purity as well as for homogeneity. Quantitative determination of the impurities present involved high pressure 
liquid chromatographic separation followed by UV-spectrophotometric detection and gas chromatographic analys.s with flame 
ionization detection. In addition, impurities present at 0.1 "„ levels were identified using the gas chromatograph-mass 
spectrometer combination. 
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8.4.1.7. Automated method development in H PLC and reagent preparation 
(T. Rymen) 

The 8800 series liquid chromatograph from Dupont de Nemours, was updated by adding a SKNTINFT, software and hardware 
package, which allows the fully automatic development of separation methods as well as fully automatic analysis in standard 
conditions of large series of samples (maximum 95 samples divided into maximum 9 groups which can be analysed according 
to 7 selectable methods with I to 9 injections pro sample) 

A system was set up to remove organic UV-absorbing impurities from bidistilled water. Purification is achieved by preparative 
scale liquid chromatography using reversed phase columns. Quality controls performed n-gularly proved excellent IIPIC' 
grade quality to be obtained at one third of the cost of commercial HPLC-water. 

8.4.1.8. The quantitative determination of polychlorohiphenyls (PC B's) in different media 
IT. Rymen) 

Ai the request of two external firms, methods were developed to allow accurate and specific determination of PC'B's in 
different types of samples : paper, wood, metals, soil, vacuum oil, kerosene and recycle oil. Sample preparation most generally 
involved extraction followed by liquid chromatographic clean-up. Analyses were performed using gas chromatographic separation 
in combination with ion selective mass spectrometry detection. 

8.4.1.9. Quantitative determination of tributylphosphate (TBP) in water at ppb and ppt levels 
(T. Rymen) 

At the request of Metallurgie Hoboken Overpelt, a method was developed to determine ppb levels of 'i'BP in aqueous 
solutions. The procedure consists of extraction of the sample with carbontetrachloride. concentration of the extract using a 
gentle stream of pure nitrogen, and at last gaschromatographic analysis using a fused silica capillary column carrying a 
chemically bonded stationary phase. Using "on column" injection, flame ionization detection and internal standard calibration. 
precision at the I ppb level amounts to 1 "„ relative standard deviation while detection limits of 5 to 50 ppt arc obtained 
without difficulties. 

8.4.1.10. Line irterferencc* in IC'PT 
(I. Delespaul) 

Inductively Coupled Plasma Torch (ICPT) is relatively free from interferences. Nevertheless, small matrix effects are present 
and these were examined previously. Also line interferences, when they occur, may yield completely erroneous results 

Identified line interferences, are harmless bccaus • there is always the possibility to select another analytical une free of 
interference. In order to realize the full advantage of this possibility, a study was initiated to identif and quantify ill existing 
line interferences. 

This year the interference of iron, chromium, and nickel lines on the most sensitive analvtical lines of twenty elements were 
measured ; the complete study is spread over several years. 
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8.4.1.11. Chemical characterization of ceramic breeding materials for fusion reactors 
(F. Elevens, I. DelespaiiL, L. VandeveMe) 

The chemical composition and properties of lithium silicate, prepared as a ceramic breeding material for tritium in fusion 
reactors, is dependent on the relative proportions of Li20 and Si02. The X-Ray diffraction technique does not permit the 
levels of the various lithium silicates be to determined down to the 1 % concentration level. An analytical procedure was 
searched for the determination of the lithium/silicon ratio, in order to obtain the stoichiometry with a precision better than 
1 °„. Optical methods commonly used for lithium do not allow to reach this precision. With ICP, the deterir-natioii of silicon 
and lithium was possible with a reproducibility of 1.5 °„. Till now, the best results were obtained by dissolving the sintered 
ceramic pellets in hydrofluoric acid, with the formation of LiF and evolution of SiF This decomposition is followed by 
gravimetric measurements i s LiF and as Li3S04. The precision obta'.^d is better th„.i 0.5 °„. A procedure for a separate 
measurement of silicon is planned tc be studied ^arly in 1985. 

Metallic impurity levels were determined usin; a D.C.-arc emission -pectrographic procedure. Residual carbon and carbonate 
was measured with a combustion method, followed by separation of carbon as CO, and conductometric measurement. Traces 
of fluoride and chloride were separated by pyr0hydrolysis on the buftVed sample intakes. The halogenides separated were 
measured by ion chromatography. 

8.4.2. RADIOCHEMISTRY SERVICES 
(D. Huys, P. De Rogge) 

A large fraction of the radiochemical services was linked to the work reported in Chapters I, 2 and 3. In addition, radiochemical 
analyses have been carried out on behalf of the following projects : 
- characterization of glass and bituminized waste : 33 samples ; 
- exploitation of waste installations : 43 samples ; 
- Mol 7C : I sample ; 
- reactor vessel surveillance and dosimetry : 4 samples : 
- Belgonucleaire : 25 samples. 

B'.im-up analyses have been carried out on samples of the CFC 06, CFC 08 and Rapsodie II irradiation experiments. 

Furthermore, a method has been developed for the fast separation of strontium from fission product and dissolver solutions. 
The method is intended for strontium assay in HLW and wast samples by liquid scintillation techniques. 

8.4.2.1. Mass spectrometry of solids 
(R. Boden, P. He Regge) 

The new mass penetrometer VG 354 installed during 1983 caused many troubles, mainly due to mechanical problen 'n the 
sample turret and isolator breakdown in the high-voltage source units. The measurements in automatic mode were h , .ed 
by those malfunctions and also the multiple col ;ctor system caused problems until the final replacement of the electromagnet 
in October 1984. The systematic search for malfunctioning components and frequent rt calibrations resulted in the measurement 
of i> large number of reference samples rather than actual samples. 

The MM 30 mass spectrometer performed quite well during 1984 with only minor maintenance and recalibration programmes 
and a high throughput of samples. The relative distribution of the measurements in 1984 is given in Table 8.4.2.1. 

Table 8.4.2.1. 
Survey of mass spectrometry measurements in 1984 ("J 

Project or customer 

- Calibration and testing 
- Safeguards 
- SALE 
- IRE (U recovery) 
- RITCEX 
- Burn-up determination 
-ECSAM 
- Pu solubility 
- Belgonuclcaire 
- Lead tracers 
- Miscellaneous 

Total \ 
Total number of samples 

MM30 

9 
28 
9 
5 

-
11 
9 
5 

15 
-
8 

100 
354 

VG 354 

40 
15 
5 

-
20 
-
-
-
-
15 
5 

100 
400 
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8.5. LABORATORIES FOR HIGH & MEDIUM ACTIVITIES (LHMA) 
lA. Demildt, A. Gys, J. Ketels, L. Sanne.i (part-time). J. Van de Velde. C. Van Loon. A. Daniels) 

8.5.1. METALLURGICAL CF.LLS M l and M2 

A large amount of work has been carried out in order to install equipment in the new hot-cells Ml and M2 (Fig. 8.5.l.a.). 

Ml is a hot-cell for reception, storage and non-destructive examinations of fuel rods, whereas M2 will be used for dismantling, 
dispatching and workshop operations. 

Ml M2 
Fit;. H.5.1.11. View of the Ml cud M2 cells. 

After installation of the third measuring bench for radiographic examination of fuel rods during the first semester of 1984. 
the shielding surrounding the film cassette tube as well as the X-ray film lead collimator have been mounted by the LHMA 
service. This installation allows X-radiographic' techniques to be used with plate film (cassette) and with roll film giving 
continuous recording possibilities. The system is shown on Fig. 8.5. l b . 
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A puncturing device has been installed in the axis of the second measuring bench of hot-eel! M !. allowing easy mounting 
and conditioning of fuel rods in the puncture head after loading the fuel rod. 

In hot-cell M2. the equipment has been completely installed and tested The storage facility in this cell has been equipped 
witii loading baskets and a cooling circuit has been installed. 

The installation for gamma-ray spectrometry based on a Ge(Li) detection system coupled with a multichannel analyser and 
a computer has been put into operation. Several software programmes have been tested. A final linking of the computer with 
the stearing units of the measuring benches has still to be performed ; it is hoped to have the application gamma scanning 
software tested, early 1985. 

The computerized system for the different measuring bencnes of hot-cell Ml as well as the controls for the rolling tabic and 
storage facility is almost completed. 

Different standards for the set-up of non-destructive examinations are under development, eg 
- eddy current test standard : artificial defects in cladding tubes : 
- oxide thickness layer standard for cladding : 
- standards for gainma-scanning (length control, interpellet ;:ap measurements) ; 
- standards for dimensional measurements (length standards, profilometry step standards) ; 
- standard for X-radiography. 

Qualification tests have been made on some of these standards. 

8.5.2. MECHANICAL EXAMINATION EXPERIMENTS 

In the framework of the post-irradiation examinations on steel welding of the power reactor vessels, u study has been started 
in order to reconstitute the broken sampl-- from the impact tests 

The stud-welding equipment has been pi uised and adapted for installation in an existing hot-cell in which the impact 
experiments are already performed. 

Practical welding tests have already been perform.d, but small adaptations have to be performed before final installation in 
the hot-cell will be possible. 

8.5.3. MANAGEMENT OF THE HOT-LABORATORIES 

General Management 

The activities as foreseen in the detailed planning for 1984, have only been realized partially. 

Installment of a new microprobe requires the evacuation of room 16 ; therefore, the I F.MF.R hot-cell and the hot-cell for 
hydrogen recovery will be moved to the hall in wl.ich three cells (No. 16, 37 and 38) have been decontaminated and dismantled. 
The study of the new decontamination zone has been continued ; a transfer lock in the east wall of the alpha zone will allow 
the connection of heavy transport containers 

The study and drawings of the connection of the hot-cells with the new metallurgical ventilation circuit arc terminated ; work 
will start in January 1985. 

Several hot-cells (No. 20, 60 and 11) have been adapted or renewed for post-irradiation examination. 

Transport 

The construction of the new container BGI8 is delayed ; delivery is planned in February 1985. 

Intervention in contaminated zones 

The most important intervention concerned the SPC hot-cell ; in this cell, the necessary equipment for the reprocessing 
of highly enriched uranium (IRE-Flcurus) was installed. 
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8.5.4. FISSILE MATERIAL ACCOUNTANCY 

The accountancy of all nuclear material present in the laboratory has been computerized for several years using a personal 
computer. The software programme has been, however, reviewed :n the com ;e -if the year, in order to have a complete view 
of the nuclear material flow through the different hot-cell storage and transfer facilities of the laboratory. This computer 
programme not only takes into account the material received in the laboratory, but also the cuttings, the chemical forms, 
the isotopic composition, the U Pu ratios, the origin of the material and the loss of the material. 

At each moment of the day, the computer can provide 'he location where each sample can be found. 

This programme has been "nlarged and widened in the mea"time for use in accounting radioactive samples which do not 
contain fissile material, such as steel samples and radium sources. 

8.6. RADIATION CONTROL AND NUCLEAR METROLOGY 
(G. Fieuw, M. Nè»e de Mévergnies) 

8.6.1. RADIATION CONTROL 
(J.P. Deworm, P. Govaerts, J. Marlein, W. Siegers, Th. Zeevaert) 

8.6.1.1. Monitoring of personnel, installations and transport 

- External dosimetry 

Personnel monitoring is performed by means or TLD dosimeters, scheduled to beworn during the calender month. The 
systematic survey of an average of 920 permanent workers necessitated the analysis of about 11,000 dosimeters. Another 
5,700 were put at the disposal of occasional workers and visitors in controlled areas. 

Data on the annual total collective dose for professionally exposed workers are showr^n Table 8.6.1.1.a. 

Doses exceeding 3 mSv/month totalled up to 235. The total annual dose distribution is shown in Table 8.6.1.l.b. The maximum 
permissible dose was not exceeded. No finger over-exposures were recorded by TL-dosimeters. 

- Incidents and health physics safety evaluations 

Within SCK CEN, 67 incidents of minor importance were registered. 
17 persons were checked and treated in the decontamination facility. 

- Transport 

884 applications for transport authorization of radioactive materials were introduced. 

- Safety approval by the Physical Control 

During 1984, 56 approvals for new manipulations and experiments, exploitation of new installations or extension of existing 
installations were given after examination of the safety reports. 

- BR2 

The most important issues related to the operation of the BR2 reactor from the point of view of physical control and 
radioprotection were the following : 
- surveillance of leak r tes between primary and reactor pool circuits and the secondary circuit. Several interver .ions were 
needed to plug heat c ...anger *ubes ; 
- the periodical increase of fission product concentrations in the primary circuit ; 
- surveillance of radiological impact and safety of the experiments ; 
- review of some specific safety studies, e.g. on common mode failures, reactor vessel integrity, evacuation of gases from the 
reactor vessel. 

The collective dose received by the BR2 workers in 1984 amounted up to 0.208 man-Sv. The average annual dose burden 
from reactor operation in the period 1965 to 1983 (1979 and 1980 not included because of the replacement of the bervllium 
matrix) was 0.30 man-Sv. 
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- SR? 

The most important issues from the point of view of physical control and radioprotection were the following : 
- the global dose burden from the reactor shut-down in April 1983 till the start in July 1984 amounted to 1.80 man-Sv ; 
0.55 man-Sv can be attributed to the preparation of the annealing of the reactor vessel ; 
- review of the current safety aspects is being carried out before granting the authorization for operation of BR3 with core 
4D. 

Table 8.6.1.1.a. 
Annual total collective dose for professionally exposed workers a' SCK/CES (1981-1984) 

Break-down in different facilities and exposure levels 

Installations 

BR2 
- Administration 
- Operating personnel 
- Hot-cell facilities 
- Contractors experiments 
- Technology department in-pile loops 

BR3 

Waste treatment 

Laboratories for high and medium activity 

Health physics department 
- Health physics staff 
- Administration 
- CORAPRO 

Low risk of exposure 

i 

0.003 
0.195 
0.121 
0.001 
0.005 

1.038 

1.076 

0.082 

0.138 
0.024 
0.009 

0.156 
Very low risk of exposure (administrative staff) 0.018 

Total number SCK/CEN staff 

Non SCK/CEN staff 
- educational 
- contractor workers 

2.866 

0.008 
0.229 

1981 

man.Sv 

(22) 
(106) 

(10) 
(13) 
(36) 

(55) 

(97) 

(127) 

(34) 
(16) 

(6) 

(139) 
(228) 

(889) 

(52) 
(174) 

i 

0.0! 1 
0.198 
0.097 
0.003 
0.015 

0.482 

1.189 

0.153 

0.118 
0.014 
0.004 

0.297 
0.029 

2.610 

0.006 
0.316 

1982 

man.Sv 

(21) 
(98) 

w 
(8) 

(35) 

(58) 

(94) 

(109) 

(34) 
(15) 
(6) 

(135) 
(228) 

(850) 

(29) 
(146) 

i 

0.009 
0.?\V 
0.095 
0.001 
0.013 

0.564 

0.537 

0.081 

0.090 
0.002 
0.005 

0.190 
0.023 

1.813 

0.007 
0.150 

1983 

nan.Sv 

(18) 
(97) 

(9) 
(7) 

(33) 

(55) 

(91) 

(104) 

(33) 
(15) 

(6) 

(127) 
(207) 

(802) 

(20) 
(90) 

1984 

man 

0.001 
0.208 
0.137 

-
0.007 

1.164 

0.668 

0.041 

0.121 
0.002 
0.007 

0.317 
0.033 

2.706 

0.006 
0.255 

Sv 

(12) 
(104) 

(10) 
(5) 

(15) 

(57) 

(89) 

(71) 

(32) 
(15) 

(6) 

(150) 
(245) 

(815) 

(36) 
(104) 

Total 3.103 (1115) 2.932 

() number of monitored workers, 1 man.Sv = 100 man.rem 

(1025) 1.970 (912) 2.967 (955) 

Table 8.6.1.1.b. 
Total annual dose distribution 

Dose in mSv 

2.50 - 12.50 

12.51 - 25.00 

25.01 - 50.00 

> 50.00 

Max. dose (in mSv) 

1980 

153 

35 

14 

1981 

119 

52 

36 

1982 

173 

46 

17 

1983 

139 

46 

5 

1984 

137 

54 

28 

39.71 48.98 40.60 30.92 42.91 
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8.6.1.2. Environment!! monitoring 

The monitoring programme within the vicinity of SCK CEN was continued. Measurements on samples, taken twice a month 
from sixteen different wells and fonds, revealed no abnormal values. 

Two exercise flights with a helicopter equipped with a 4*x 4"NaI-crystal and an ionization chamber, respectively, were 
organized, in order to check instruments and flight route. The radiological background at an altitude of 100 m up to a 
distance of about 10 km from SCK CEN was registered. The activity in 31 sewage tanks was controlled at least every two 
weeks. The maximum concentrations allowed were not exceeded during 1984. 

- The environmental dosimeters (TLD), placed in and around the SCK/CEN site and changed every three months, showed 
a background radiation of about 320 uGy.a ' (Table 8.6.1.2.a). A maximum of 12.500 uGy.a~' was recorded near the eastern 
storage field of the Waste Disposal Plant. 

- The 13 environmental dosimeters placed around the nuclear power plant at Tihange revealed dose rate levels between 
400 uGy.a ' and 560 uGy.a • with a mean value of 500 uGy.a-' (Table 8.6.1.2.a). 

- The 10 environmental dosimeters placed around the nuclear power plant at Doel showed dose rate levels between 
300 uGy.a ' and 510 (iGy.a1 with a mean value of 415 uGy.a-' (Table 8.6.1.2.a). 

'table S.6.1.2.0. 
Mean dose rate levels in \xGy.a' al Poel. Tihange and SCKiCEM 

1982 
1983 
1984 

Doel 

415 
375 
415 

Tihange 

495 
495 
500 

SCK CEN 

340 
320 
330 

- During the year 1983, the environmental garnma-ray dose rate was measured with a 4"x 4"NaI-crystal in about 150 points 
spread in five of the nine provinces in Belgium. In 1984, the same measurements were carried out in 150 points in the other 
4 provinces simultaneously with the 4"x 4"Nat-crystal and an ionization chamber RSS-III. The dose rates obtained for the 
300 points are shown on a map (Fig. 8.6.1.2.). 

'" /' 

Fix. 8.6.1.2. Dose rales in 10-' uG'.v./r 
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iïeet river basin 

- The total weighted radioactivity of the liquid effluents released by the Waste Disposal Plant into the Mol Neet during 1984 
and determined by using the formula 

5(total a) - total 0 + 30C°Sr) + 3('"I) + 300(!*Ra) + O.OOl('H) 

reached IS °„ of the maximum permitted value (4500 mCi month). These releases were mainly due to the *Sr-activity and 
the total ^-activity contributing 42.5 °„ and 37 °„. respectively, to the total radioactivity released (Table 8.6.1.2.b). Further 
analysis showed high contributions of MCo with 42.6 "„ to the total p-activity. The total «-activity released was too small for 
further analvsis. 

Table 8.6.1.2.b. 
Activities discharged into the Mol Seel River (weighted activities in mCi) 

Year 

1982 
1983 
1984 

Volume 

10Jm' 

223 
204 
212 

22*Ra 

54 
15 
15 

Total 

a 

188 
42 
36 

""Sr 

5,606 
7.470 
3,534 

'"I 

685 
1969 
1039 

'H 

469 
342 
617 

Total 

P 

8.018 
5.610 
3.079 

Total 

15.020 
15.450 
8.320 

Percentage 
of the 
maximum 
allowed 

28 
29 
15 

- Continuous sampling at eight stations in the Mol Neet river basin was continue] so as to evaluate the contribution of the 
liquid effluents from the Waste Disposal Plant to the total radioactivity of the Neet water. No abnormal values were registered. 

- In the framework of a co-ordinated research programme of the IAEA on the rôle of sediments in the transport and 
accumulation of radionuclides in waterways, a suspended matter sampling campaign has been carried out in the Mol Neet 
and Grote Neet. The results showed that more than 50 "„ of the p. y-activity discharged was present in the dissolved friction : 
more than 70 °„ of the a-activity discharged was associated with the suspended matter. The values for the distribution factor 
Kd, calculated from field data, amounted from lO'-lO' l.kg ' for Sb and Sr up to 10'-10* l.kg ' for Pu and Am: for Co and 
Cs values between 10*-10' l.kg ' were obtained. 

The results from bed sediment sampling campaigns, carried out in 1980 and 1983, and TI.D measurements performed on 
the banks of the Neet river have been used to apply the NRC model (Regulatory Guide 1.109) to the Neet river, with regard 
to the activity concentrations in the bed sediment and the external irradiation by shoreline deposits. It was shown that the 
correspondence between calculated and measured values could be improved substantially by reducing the time period, assumed 
for exposure of the bed sediment to the contaminated water, to one year. 

8.6.1.3. Emergency plan organization 

Several exercises have been held with different cells of the Command Post. An extensive exercise "Phase Amber" has been 
organized for the cell Inner Liaisons of the Command Post. 

SCK/CEN took part in an exercise for the emergency plan organization of the nuclear power plant of Doel. 

The Computer Aided Emergency Resprnse System (CAERS) was further developed to an assessment tool to assist emergency 
response activities of SCK/CEN (Fit;. 8.6.1.3.) The system has access in real time to the data of the meteorological tower 
or can simulate off-line other meteorological episodes. The system stores the characteristics of twelve stacks of the nuclear 
site of Mol and a map of the area. Time dependent source-terms can be introduced by the operator. 

The system was applied for the simulation of long range transport (see par. 6.1.1.3.) and the environmental impact assessment 
of some nuclear installations. The CAERS system has to be coupled with the Dose Calculation Model (DOSDIM). 
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Fig. 8.6.1.3. Instantaneous ground level concentrations at 15. 30. 45 and 60 minutes after start of release. 

8.6.1.4. Testing of air filters 

In situ testing of HEPA-fihers 

The etficiency of HEPA-filter banks is routinely checked in-situ once a year and after replacement of filters. In total 116 filter 
banks were tested >n different SCK CEN laboratories, II of them (9.5 °„) showed unacceptable penetrations. 

in facilities outside SCK CEN. 368 HEPA-filter banks were tested ; corrective measures were taken at 45 banks (12.2 "„). 
A third of these filter banks, most of them tandem groups, were tested by means of a laser particle spectrometer set up at 
SCK CEN as a more sensitive in-situ filter testing system. Penetrations smaller than 10" could be measured. 

Table 8.6.1.4. shows the number of tests and results for the past 3 years. 

Tahle 8.6.1.4. 
Statistics on testing of air filters 

Year Number of filter banks tested 
at SCK CEN 

Unsatisfactory filter banks 

1982 
1983 
1984 

165 
136 
116 

Number 

10 
12 
II 

Percentage 

6.1 
8.8 
9.5 

Number of filter banks 
tested outside SCK CEN 

1982 
1983 
1984 

210 
262 
368 

20 
38 
45 

9.5 
14.5 
12.2 

Testing of charcoal filters 

A methyl iodide generator was used for testing the charcoal fillers in 
- the scrubber at BR2 ; 
- a glove-box exhaust in the chemical laboratories . 
- the exhaust of a transfer installation of liquid waste. 
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8.6.1.5. Test ris for arfite carfeoa 
(M. Kleia. W. Goosseas) 

The test rig earlier used for break-through studies has been refurbished in order to perform qualification runs for active 
carbon samples. The retention factor is determined at various values of relative humidity with a methyl iodide generator. 
Qualification runs have been performed for Yinçotte and for utility companies. 

A set-up for the determination of the ignition temperature of activated carbon has been constructed and calibrated according 
to the ASTM method D3466. 

8.6.2. RADIATION DOSIMETRY AND CONTROL MEASUREMENTS 

8.6.2.1. Indhidnl dosimetry 

8.6.2.1.1. Internal dosimetry 

Direct methods 

|J. Count, J.P. Calot*) 

• CORAPRO 

During 1984, a total of 987 human body countings have been performed for tht survey of internal contamination : 

- 897 whole body examinations ; 
- 10 thyroid measurements for assessment of '"I or , : ,I ; 
- 10 wound measurements for Pu detection ; 
- 21 lung countings with the large Nal detector for Th and l î assessment : 
- 49 lung measurements with the Xe-CH, proportional counter for Pu detection. 

Consequences of t' c new recommendations and philosophy developed in publications 26 and 30 of ICRP have been examined 
in the case of lurg contamination. Results from the follow-up of two cases of' , , !HfO : inhalation have been published. 

Two cases of long-term retention of "Se administered for medical diagnosis have been discussed and presented at the 
symposium on the "Assessment of Radioactive Contamination in Man" as well as cases of lung contaminations by '"HfO. 
and - 'ThO, followed for more than 10 years. 

Indirect methods 
(G. Koch. Ch. Hurtgen, J. Vynckier, L. Lnysterbore. F. Verhoeven, J. Dnkino) 

During 1984. a total of about 2300 radionuclide determinations were carried out on urine and other biological samples such 
as nose-blow samples and faecal samples. The most important tests were : 
- -'-'"Ra : 5 determinations : 
- a-cmitter actinides : 1231 determinations ; 
- complex mixtures of actinides (two or more actinides simultaneously present) : 153 determinations : 
- uranium by fluorimetry : 484 determinations ; 
- tritium : 181 determinations ; 
- a-activily in none blow samples : 148 determinations. 

28 "„ of these determinations were performed at the request of the Health Physics department of SCK CEN. 72 "„ of these 
deteiminations concerned support given at the request of Belgonucleaire. FBKC. CBNM. the Belgian universities. Métallurgie 
Hoboken-Overpelt. etc. 

8.6.2.1.2. F.xtcrnal dosimetry 
(I.. Choos*) 

* CORAPRO 

During operation of the auomatic system, a problem was revealed in transmitting measurement values to the magnetic tape : 
spurious sienais prcvcr'cd real measurements values to be recorded. This problem has been solved: a control station has 
been added which stops the system when spurious signals interfere. 
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8.6.2.2. EmiroaaiMtal dosimetry ami coNtrol 

8.6.2.2.1. Nuclear spectrometry measurements 

Routine measurements 
U. CoUrd, j . P. Calot*) 

• CORAPRO 

During 1984. a total of 5514 samples have been measured by y- or a-spectrometry as support to various SCK CEN departments 
for operational controls, research experiments or contracts : 
- Health Physics department 23.0 0

o 

- Radiobiology 53.0 °D 

- Miscellaneous 5.6 °0 

- Third parties 2.2 °„ 
- Activation analysis 16.2 "„ 

Activation analysis has been applied to the survey of atmosphere industrial dusts (detection of Mn. Zn. Sb. As), dispersion 
of Pu and Am simulated by Ce and Eu in tires, and assessment of several irace elements for the plastic and petroleum 
industries and for medical research. These results have been published. 

8.6.2.2.2. Thermoluminescent measurements 
11,. Ghoos*) 

• CORAPRO 

The results given by LiF thermoluminescent detectors in the Belgian Network were more closely analysed. The exposure rate 
in each point was calculated in two ways for comparison purposes : from the yearly results obtained by Tl.-dosemeters and 
by applying the formuia based on the specific activity of the soil samples which were taken at the measuring points. A few 
serious discrepancies were detected. Contact was taken with other sections and departments of SCK CEN and with IRE to 
organize a joint campaign to elucidate these problems and. on the same occasion, to intercompare the different measuring 
instruments. This campaign has been made and the results are being analysed. 

We participa:ed in two international intercomparisons of environmental dosemeters. 

One of them was organised by CEC. It was the Second Environmental TLD Exchange they organised. In this exercise, we 
found results about 10 "„ higher than the mean value of the results obtained by all the other participants. We concluded that 
a more careful determination of the background in our storage facility is necessary. 

8.6.2.2.3. Radiochemical measurements 
((•. Koch. C'h. Hurtgen, L. Luysterhorg, F. Verhoeven, J. Dulcino) 

Radioactive fall-out 

As in previous years, airborne dust and rainwater were sampled daily on the SCK CEN site at Mol and at Koksijde. The 
total a- and fj-activitics were measured within five days after ending the collection. In addition, the wSr activity was measured 
for both dust and rainwater samples collected over one month. The activity level in all samples was low. 

For the dust samples, the mean monthly a-activitics varied between 2.75 and 0.54 fCi.m ', and the p-activities between 10 
md 30 fCi.m '. 

For the rainwater samples, the mean monthly «-activities varied between 0.24 and 1.08 pCi.l '. The mean monthly p-activitics 
was 10 pCi.l ' and the monthly °"Sr activities between 0.04 and 0.16 pCi.l '. 

These values arc very similar to those measured during 1983 and the activity levels at Mol were not significantly different 
from those observed at Koksijde. 

The results were made available to the Health Physics department for further analysis. 

n- and (^activities have been measured in monthly samples of airborne dust collected at six stations in the framework of an 
industrial project (CARBF.I.F.C). Results were transmitted to the University of Liege. 
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Alimentary chain 

wSr and "7Cs activities were measured in food samples taken all over Belgium by the I HE. The range o f ' S r contamination 
values found are given in Table 8.6.2.2.3. The results were made available to the Radiobiology department for further analysis. 

Table 8.6.2.2.3. 
Extreme values <>ƒ *\Sr measured in samples of the alimentary chain 

Type of food Maximum values Minimum values 

pCi kg pCi g Ca pCi kg pCi g Ca 

Milk 
Eggs 
Meat 
Vegetables 
Fruits 
Potatoes 

7.6 
0.7 

<0.S 
9.8 

( 11 
1.9 

7.8 
1.3 
7.9 

37 

30 
48 

1.4 
0.7 
0.1 
0.4 
0.3 
1.8 

1.0 
1.3 
2.5 
5.0 
6.8 

IS 

Biological cycle 

More than 400 measurements were carried out on samples originating from different sites. The results «ere made available 
to the Radiobiology department for further analysis. Tritium has been measured in various organic samples, after combustion 
and collection of the resulting tritiated water. 

Site survey 

About 500 samples of surface water from the SCK CEN site were checked for tritium and 250 for a and p. The results were 
made available to the Health Physics department for further analysis. 

Seel river basin 

About 200 samples were checked for global a- and p-activity, 'H. wSr. ;2'Ra. The results were made available to the Health 
Phys.cs department *br further analysis. 

BR2 and BR3 reactors ana associated facilities 

Weekly and monthly samples of BR2 and BR3 water were checked for global a-activity. Pu and tritium activity, respectively. 
At BR2, 8 to 10 daily samples were measured to control the 'H activity in the air. 

Waste disposal plant 

Weekly samples of effluents were checked for Pu, U, Am. ""Sr, 'H and global a- and p-activity. Four samples were checked 
daily for tritium activity. Monthly samples were checked before treatment for Pu. U, *"Sr and 'H activity. 

Sewers 

Some 1000 global a- and B-activity measurements. 200 'H and 100 l4C measurements were carried out for routine control of 
the sewers of SCK, CEN. 

Crash of the ship "Mont-Louis" 

Samples of sand were examined for the content of natural uranium. A few test measurements of natural uranium in seawatcr 
samples were performed. Our results were in agreement with those of SCPRI (France) and of the order of magnitude generally 
found in seawatcr. 
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Special nteùsurenen's 

About 200 measurements were performed in the following fields : 
- "C and "Th ' u l dating (31 ) ; 
- speleothem analysis (67) ; 
- hydrology for geotechnological purpose (101). 

Participation in exhibitions 

SCK CEN participated in the exhibition "Le Temps" (in collaboration with the "Service de Géomorphologie et de Geologie 
du Quaternaire" of the University of Liège) and the presentation of a video film on the sampling of calcite in underground 
caves. 

8.6.3. SUPPORT FOR INSTRUMENTATION AND DATA HANDLING 

8.6.3.1. Health physics instrumentation 
iM. Loos. M. Lamproye) 

- A new regulator was designed for stabilization of the permeation rate of permeation tubes. These tubes will be used to 
check pollution measurement instruments. The temperature is regulated in the range 0 - I00°C and the stabili'y is O.VC. 

- For measurement of the main characteristics of photomuitipliers, a light calibration source for white light with a co'our 
temperature of tungsten at 2855°C. adjustable and calibrated for illuminations of 1 to 10 7 lux, iias been purchased. This 
calibration source has been fitted in a 'black" calibration room and amplification characteristics of different PM types were 
measured. The source and the optical arrangement give complete satisfaction. In a further stage, the light source will be 
adapted for telecommanding the adjustment by means of a computer in order to fully automate measuring and plotting of 
the photomuitiplier graphs. 

8.6.3.2. Instrumentation for nuclear spectrometry 
I J. Colard. L. Geerings) 

Three holder systems have been designed for the HPGe detector : a small dismountable lead shield for measurement in a 
local laboratory, a stand for field monitoring after accidental release of radioactivity and a holder for assessment of internal 
body contamination for special cases of high activity and complex mixture of radionuclides. 

Application software is being developed for on site measurements. Efficiency calibration has been performed for samples and 
for field surface measurements. This system has been tested in a campaign of natural radioactivity monitoring and installed 
in Oostende on the occasion the "MONT LOUIS" accident (September-October 1984). 

Two u-chambers were constructed for the Si detectors of 13 keV and 9 keV resolution (at 5.5 McV). 

A Kr-CH,, proportional counter has been constructed and used for industrial purposes. 

Routine services and repair works were carried out for the Nuciear Spectrometry section an<i on behalf of ;. few other 
departments. 

8.6.3.3. Application software for nuclear spectrometry 
(J.P. Culot») 

• CORAPRO 

The routine programmes for Nuclear Spectroscopy are still running without major difficulties. However, the ageing of some 
peripherals (magnetic tape, visualisation) of the first Cosynus computer (1974) becomes quite serious. A particular effort has 
been devoted to prepare the replacement of this first unit. 

The "administrative" software has been improved for the analysis of data provided by routine measurements of the environmental 
radioactivity. The use of the same software for data provided by contamination control of workers has been investigated, in 
order to eliminate many of the time consuming intermediate steps of traditional printed forms distribution. 

Monte Carlo calculations are still in progress. The programme MARTHA coming from JAF.RI (Japan) has been implemented 
on the central computer. Calibration of a portable Ge detector has been investigated with Monte Carlo calculation. 
Some effort has been devoted to the interpretation of Ge spectra provided by an campaign of in-situ measurements of 
environmental radiation fields. 
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8.7. WASTE TREATMENT 
(N. Van de Voorde, H. Spriet, A. Taeymans, W. Blommaert, G. Dumont, D. Heninrt, R. Vanbrabant, W. Balleux, L. Krieckei uns, 
M. Fevery, C. François, G. Geenen, J. Gijbels, K. Peetere, K. Kugai*, M. Shibuya*, S. Nemoto**) 

* JCG Corporation, O-arai Nuclear Research Centre. Japan. 

•* Power Reactor and Nuclear Fuel Development Corporation, Chemical Processing Facility, Tokai, Japan. 

Tue most important assignments fulfilled by the SCK/CEN Waste Treatment and Disposal department on behalf of NIRAS/ 
ONDRAF are the processing and interim storage of radioactive waste materials. Final disposal is delayed, waiting a political 
decision in that field. 

In addition, the department is entrusted with the routine as well as the emergency decontamination of nuclear facilities, 
laboratories, equipment and work clothing, both inside and outside SCK/CEN. 

It also operates the SCK/CEN drinking and demineralized water production plant. 

8.7.1. RADIOACTIVE LIQUID WASTE TREATMENT 

Table 8.7.1. 
Statistics for liquid waste treatment 

1983 1984 

Suspect liquid waste 

- total volume delivered (mJ) 
- dry sludge production (kg) 
- average radioactivity (Bq/m') 

* a 
* P . Y 
» ^Sr 
* 'H 

96,339 
7,695 

2.22 x 
20.7 x 

722 
2.04 x 

10' 
10' 

10" 

143,675 
1,437 

1.064 x 
31.29 x 
2.367 x 
2.34 x 

10' 
10' 

«• 
10' 

Class 1 low-level waste 

- total volume delivered 
- dry sludge production 
- average radioactivity 

* a 

* P . r 
* "'Sr 
* 'H 

- average decontamination 
* n 

* P , Y 
•""Sr 
* 'H 

<m>) 
(kg) 

(Bq/mJ) 

Co) 

48,985 
21,367 

226 x 10' 
29.2 x 106 

1.86 x 10s 

284 x 10" 

96.85 
88.28 
91.87 

0 

29,640 
19,932 

4.17 x 
137 x 

12.5 x 
688 x 

99.73 
99.997 
98.78 

0 

10* 
10* 
10* 
10* 

Class 2 low-level waste 

- total volume delivered 
- dry sludge production 
- average radioactivity 

*y 
- average decontamination 

*1 

fm') 

(kg) 
(Bq/m') 

(%) 

7,135 
not logged 

not logged 

not logged 

4,300 
;;;,C70 

1.84 x 10s 

97.39(*) 

(•) percent decontamination for the first treatment, averaged on the 2nd semester of 1984. 
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- 143.675 m'of suspect waste (< 0.37 MBq/tn') was released to the Nete river after settling of the suspended solids, oxygenation 
in a trickle bee4 and radiological control. 
- 29,64>) m* of class I low-level waste (from 0.37 to 370 MBq/m') was decontaminated by chemical fiocculation prior to 
disposal in the Nete river, yielding concentrated sludge containing 19,932 kg of dry matter. 
- 4.300 m' of class 2 low-level waste (from 370 to 37,000 MBq/m') from the BR2 and BR3 reactors, the Eurochemic fuel 
processing plant and Belgian and German power reactors was pretreated by appropriate chemical precipitations prior to 
classicil treatment with class 1 low-level waste, yielding concentrated sludge containing 16,070 kg of dry matter. On 1st 
October, some 423 m' of class 2 low-level waste, diluted from the original volume to about 580 m' and containing a total of 
12.2 TBq of y-emitimg nuclides, was stored prior to treatment. 
- 3.578 m' of medium-level liquid waste containing 277 TBq of y-emitting nuclides from isotopes production is kept in decay 
storage prior to treatment. No medium-level liquid waste was received in 1984. 
- 249.5 m' of thickened sludge from water treatment operations, containing 29,694 kg of dry truHt.r, 2.2 TBq B, y and 40 
GBq a, wa» insolubilized with bitumen in 98 concrete-lined 220 1 drums and 67 400 1 drums. 

The total volume reduction factor for the water treatment plants was therefore 613. The global specific activity of the 
conditioned product is 560 kBq/kg for a-emitting nuclides and 31 MBq/kg for B, y-emitting nuclides. 
The drastic improvements in the class 1 low-level waste decontamination factors are due to tne use of batch treatment instead 
of continuous treatment, the scavenging of "°Sr with barium sulphate instead of calcium phosphate, and the use of two 
treatment cycles for Eurochemic effluents. The first cycle is carried out in the new effluent treatment plant and gives average 
decontamr.ations of 98 "„ for a-emitters, 92 °„ for B, y-emitters and 97 °„ for ""Sr. 

8.7.2. DISPOSAL BY DILUTION IN THE NEET RIVER 

Table 8.7.2. 
Operational statistics of the solid waste treatment plants 

Volume delivered 
(m') 

Volume processed 
(m<) 

Stock 
(m') 

1983 1984 1983 1984 31st Dec. 83 31st Dec. 84 

Combustible waste 
Compressible waste 
Incompressible/in
combustible waste 
Mixed waste 
Medium-level solid waste 

3217 
364 

1029 
3.2 

6.36 

3326 
45 i 

599 
673 
7.64 

2593 
119 

232 
15 
0 

__ 

3447 
184 

13.3 
181.8 

0 

_ 

1142 
646 

314.3 
170 
185 

._ . . .. __. 

1021 
913 

900 

193 

_.._ 

265,161 m' of water from the operatio, of the drinking and demineralized water plant, the production of suspect liquid waste 
and the decontamination of low-level liquid waste was released into the Neet river after due monitoring by the Waste 
Treatment and Disposal department, the Radiation Control department and the public licensing body. The radioactivity 
released amounted to 321 MBq of a-emitters, 128 GBq of p, y-emitters, 4.42 GBq of «Sr, 12.3 GBq of " ' I , 2.13 MBq of 
-"'Ra and 21.8 TBq of'H. After application of the weighting coefficients of 5, I, 30, 3, 300 and 10 ', respectively, this amounts 
to a total of 322 GBq, which is 16 °„ of the authorized relet se of 2 weighted TBq/year. 

8.7.3. RADIOACTIVE SOLID WASTE TREATMENT 

Table 8.7.3. 
Inventory of medium-level waste on 31st Dec 1984 

Activity (not corrected for 
natural decay) 
13~PBq B. y 
5 4 TBq a 
3.4 TBq M R a 

Special nuclear material and fertile material 
Plutonium 
Enriched uranium 
Natural uranium 
Depleted uranium 
Thorium 

1.51 kg 
16.5 kg with 2.43 kg »UJ 
50.0 kg 
3.00 kg 
12 kg 
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8.7.3.1. Inc'neration of low-level combustible B. y-waste 

- 3,326 m' of combustible trash, dead animals and combustible HEPA filters were stored prior to treatment. 
- The Evence-Coppèe furnace was operated for 3.672 h and incinerated 417.910 kg 3. y-contaminated trash. 17.811 kg suspect 
waste rom a low-enriched uranium fuel fabrication plant, 1,365 kg dead animals ant! 12.5ï,2kg combustible HF.PA filters. 
On 21st May. an installation for combustible liquid waste incineration in a chamber of the Evence-Coppcc furnace was 
started: it treated 18.180 mJ of organic liquids. On 10th October, a wrong operation when starting operation of the installation, 
caused a fire in the furnace hall. The incident did not cause any personnel injury nor environmental "ontamination. Incineration 
yielded ^7 m' of ashes which have been collected in 443 220 I drums sent to interim storage until a suitable encapsulation 
process is available. 
- The FLK-60 furnace was operated for 952 hours and 13.500 kg of mixed trash and 33 m' of combustible liquid waste were 
incinerated, yielding about 3 m' of granules collected in 29 100 1 drums and 182 kg of fly ash collected in 3 100 1 drums. 
These products have been sent to the interim storage and final disposal after a possible additional conditioning step. 

8.7.3.2. Treatment of low-level non-combustible (?. y-waste and a-waste 

-411 mJ of compressible trash. 40 m' of activated coal filters, 463 m' of non-compressible trash. 134 m' of glove-boxes and 
other items to be dismantled and 2.1 m' of radioactive sources have been stored prior to treatment in the alpha-hall. 11.65 
m' of radium-contaminated waste has been stored in the Ra-zone. 3.2 m' of mixed power station waste has been stored prior 
to sorting. 
- 15 m' of mixed power station waste has been sorted in the alpha-hall. 
- 24 m' of compressible trash and 160 m' of ventilation filters were compacted and baled in the alpha-hall. 
- 9.6 m' of incompressible trash was insolubilizcd with bitumen in the alpha-hall. 
- 3.7 m' of glove-boxes and other items was dismantled in the alpha-hall. 
The alpha-hal! was in operation for 61 days and produced 341 220 I drums with compressed or dismantled waste encapsulated 
in bitumen. The global volume reduction factor was therefore 2.63. 

8.7.3.3. Decay storage of medium-level waste 

- 764 m' of medium-level waste was received and placed in concrete containers for decay storage. 

8.7.3.4. Storage and disposal of conditioned waste 

- 4% m' of waste conditioned in 400 I drums and concrete blocks by nuclear power plant operators have been stored prior 
to disposal. 
- Since 1983, deep-ocean disposal could not be applied. Therefore, conditioned waste is stored in steel facilities set up on a 
concrete floor, until a final disposal strategy is choosen. Up to now hangars are available. A few old containers arc still 
stored on the former storage fields. 

Table H.7J.4. 
Conditioned >«;...'." in interim storage at SCK CES on 31st Dei IM 

Waste conditioner 

SCK CEN 
Doel power station 
Tihangc power station 
Eurochemic 
MHO (**) 

Number 

of 

packages 

2521 
1330 
627 

15 
150 

Total 

weight 

(kg) 

1.23 x 
1.45 x 
1.90 x 
9.95 x 
122 x 

10" 
10* 
10* 
10' 
10' 

"*Ra 

0.0889 
-
-
-

0.254 

.'otal activity ( I0 | ; Bq) (*) 

2 S3 

0.779 

! » • - / 

8.57 
28 
41.6 

0.135 

II 

1(1.7 
-
-
-

(*) radioactive decay nol taken into account 

(**) waste from dismantling of the Oicn rndium plant conditioned by SC'K CfcN 



8.7.4. MISCELLANEOUS 

8.7.4.1. Water production and supply 

The water purification plant treated 721,277 n ' water and supplied 298,786 m' drinking water (280,251 m' in 1983) and 
323.255 m' demineralized water (298.965 m3 in 1983). 

8.7.4.2. Decontamination - intervention 

Decontamination and intervention teams carried o it the routine cleaning of warm and hot-laboratories, reactor facilities and 
équipement, as well as special dismantling operations of contaminated facilities, irside or outside SCK CEN. A total of 7.979 
hours (9.856 in 19X3) was devoted to this type of operations. 

8.7.4.3. Laundry 

The laundry decontamination teams treated 32.489 kg (32,338 kg in 1983), monitored 25,176 kg (23,129 kg in 1983) and 
ironed 10.761 kg (10.932 kg in 1983) of work clothing. 

8.8. TECHNICAL DIVISION 

8.8.1. TECHNICAL SERVICES 
(J. Van der Auwera) 

The Technical Services are in charge of : 
- the study, realization and maintenance of all the infrastructure such as buildings (laboraties anu offices), roads, bridges, 
including the electric installations and the heating, cooling and ventilation systems ; 
- the study, manufacturing and assembly of special equipment, prototype installations and the technical support to various 
research programmes ; 
- the purchase of machines and tools at the request of the departments : 
- the printing of reports and leaflets ; 
- energy audits and measurements in industrial installations. 

£.8.1.1. Mechanics 
(E. Collignon, P. De Meyer. L. Vansteelandt, P. Verjans) 

This service consists of four groups : the design and drawing office including the preparation for manufacturing by outside 
firms and the purchase of machine tools ; the main workshop which is specialized in fine mechanics and special welding 
techniques ; the assembly maintenance group and the carpentry workshop ; the specialized workshops such as the glass 
workshop and the workshops located in the Metallurgy and Physics departments. 

During 1984, the mechanical service treated 2.198 work orders, divided as follows : 
- design and drawing office 95 
- manufacturing by >utside fhms 110 
- main workshop 788 
- assembly and maintenance 747 
- specialized workshops 458 

The main jobs were : 
- the installation of an electrolyscr and the arrangement of a hew laboratory for the Tritium project ; 
- for BR2 • the manufacturing of a mechanical gripper and special tools for the handling of fuel elements, various pipings 
and instruments for the installation of a degassing circuit on the primary reactor cooling circuit, modification works on the 
hivstiug bridge of the dismantl ng cell and the design and fabrication of a prolongation of the TN 6 container ; 
- for BR3 : a storage rack foi fi.-*! elements, the design and construction of special tools for the manipulation of the reactor 
cover, an auxiliary lead screen tor transport of containers and the mounting of different mechanical constructions in the 
nuclear power station of Tihr.nge ; 
- the study, purchase and mounting of a control and aiirm system for examination of the bearings of six choppers used in 
the MIBRMOI. spectrometer ; 
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- the manufacturing and assembling of a terminal for a delayed neutron counter and a natural uranium-copper transmission 
shell assembly for standard fast neutron spectrum tests ; 
- a special die for the extrusion press, a furnace and special equipment for fatigue and tensile strunght measurements, the 
construction of autoclaves, modification works on a leak detector and measuring tubes for corrosion experiments in clay-
layers : 
- for LHMA : the increase of the lifting capacity of three cranes, lead protection walls and infrastructure works for the 
arrangement of a decontamination laboratory; the design of a special computer controlled lifting device for the reprocessing 
cells ; 
- a furnace, cyclones and heat exchangers for a degassing installation and a test facility for coal gasification ; 
- for the Electrochemistry programmes, a double press with a capacity of 30 and 100 tons for the processing of powders ; 
the tranformation of a double roller into two independent rollers and a materials testing installation for use in an aluminium 
melting furnace ; 
- for Radiation Control : a test installation for the determination of a-penetration in HEPA filters ; 
- ibr Waste processing : a rinsing installation for PEC bottles ; a container for transport of liquid waste from IRE ; new 
titanium parts for the EVENCE-COPPEE incinerator and the mounting of stainless steel piping in the new liquid effluents 
treatment plant ; 
- various turning, milling and construction works tor the activities on photovoltaic conversion of solar energy, nuclear 
spectrometry, low activity measurements and radiation dosimetry ; 
- for Radiobiology programmes : cpges for a separation mechanism ; a manipulation device for the feeding of small animals 
and specia' equipment for new laboratories ; 
- the construction of a safety tube and parts for the PIRAMID-I experiment ; 
- the mounting of various measuring instruments in the underground HADES laboratory for geological waste disposal. 
The service has collaborated to the following projects : 
- the realization of the MIBEMOL spectrometer at the ORPHEE reactor in Saclay (France) ; 
- modifications of the T8 brown tubes at the BR2 reactor ; 
- design of a high-temperature incinerator with a capacity of 150 kg/h (HAWAI PROJECT) ; 
- a test installation for coal gasification ; 
- the examination of the mechanical constructions for the MOL 7 C/5 experiment and the equipment of beamports in the 
BR2 reactor. 

The following new equipment has been purchased : 
- a milling machine for the Electronics workshop ; 
- a numerically controlled lathe for the main workshop ; 
- a vertical band sawing machine for the Chemistry workshop ; 
- five numerical position reading systems for installation on different machine tools. 

8.8.1.2. Electricity 
(H. Beckx) 

The electricity service is in charge of the high-"oltage and low-voltage network, the telephone network and the alarm circuits 
for control of the technical installations. 

In 1984, the service received 295 work orders and carried out the routine interventions and repairs. The most important jobs 
were : the electrical installations of new laboratories, the modification of the electric installation of the ELENCO laboratory 
and the SCK/CEN offices at Brussels ; adaptation and repair works of the signalization and high-tension cable network. 

8.8.1.3. Civil engineering and maintenance 
(J. Schoofs) 

This service is in charge of the new construction works and maintenance of all buildings, roads and bridges. 

In 1984, the service treatea '1 work orders for extension or new constructions and carried out the routine interventions for 
maintenance and small repair. 

The most important jobs were : 
- the new laboratories for contract work on behalf of ELENCO and OVAM ; 

the study of the extension of BIO Labo 2 and the BIO Animals building, the library and the greenhouses of the Radiobiology 
department ; 
- the study of the extension of the Medical building. 
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The following important maintenance works have been carried out : 
- tli;.- ic-ncvval of the roof of the Applied Mathematics building : 
- different painting works in laboratories and offices : 

repair and maintenance works of the stacks of BRI. BR2 and BR3 : 
- p.tinting works of the high-tension transformers of the BRI building ; 

repair of concrete roads on different locations on the SCK/CEN site ; 
- painting of the bridge construction as support of the district heating pipes over the Congo Canal ; 
- renewal of the confeience room of the Physics department ; 
- partial renewal of the roofs of the Technology and BR2 buildings ; 
- outside painting of ihe houses of Residential Quarter 1 ; 
- replacement of doors and windows of 5 houses located in Residential Quarter 2. 

8.8.1.4. Ventilation and central beating 
lE. Neeskens. W. S winnen) 

This service is in charge of all heating and cooling installations of SCK/CEN and has a special experience in ventilation 
systems for nuclear applications. In 1484. the service received 91 work orders and carried out the routine repairs. The main 
jobs were related to : 
- the heating and ventilation installation of various pew laboratories ; 
- partial renewal of the ventilation of the Chemistry laboratories ; 
- the installation of heat recuperation batteries in the Waste and Chemistry buildings. 

8.8.1.5. Energy analysis in industry 
|H. Van den Bergh, P. De Boeck, J. De Decker, E. Kuppens) 

Energy analyses are worked out in close collaboration with the Energy conservation team. The two main tasks included : 
measurement campaigns in the forging sector and in various industries and : sectorial measurement and analysis programme 

in the dairy sector : 
- 197 bus audits according to the energy bus audit system. 

More details are given in par. 6.2.1. 

8.8.2. ELECTRONICS AND INSTRl MENTATION 
II.. Binard. E. Musyck) 

8.8.2.1. Studies 
II.. Binard. E. Musyck. C. Cocquyt, .1. Lauwers, Ph. Eeckman, R. De Clerck, J. Roge, B. Coupe, F. Geyzen, H. Vandenhoudt) 

The system for the computer-aided-design (CAD) of printed circuit boards has been installed and made operational. 

The propotype of the new cryptographic seal ELI6BI0, able to cipher within 7 seconds, was terminated and presented at 
an ESARDA symposium. 

The first version of a quad digital ratemeter F.1.6EI has been constructed. Hardware and software will be evaluated. 
Several Eurocard modules were developed : two EHV bies supplies F.L2F.I and EL2E2, one low voltage power supply EL IF. I, 
one PM preamplifier EI.4E2. one GM antico unit EI.I4E! and one Sample Changer Driver EL19E3. 

The renewal of the BR2 y-activity measurement facilities has been terminated: 60 measurement points are monitored. 

An apparatus type 12E3 for collecting air samples was developed for the radiation control and environmental research. 

A propolype dual constant current power supply for electro-deposition cells was made. 

A modified HV'Ampli module EI.4NN has been made for the multi input sealer/timer systems F.LI7T4 and ELI7T5. 

The date encryption standard (DES) has been implemented on a one-chip microprocessor. The ciphering speed is 300 bits 
per second. 

A contract proposal on public key cryptography was prepared and forwarded to the European Communities in the framework 
to the ESPRIT project. 

X-2f> 



8.8.2.2. Quality control 
(S. Vandevijvere, U. Van Beekhoven) 

Reliability and commissioning tests were carried out on 86 instruments. 

Several prototypes were improved or redesigned, in particular : 
- the clock EL9NI synchronized with the German DCF 77 time transmitter ; 
- two EHV bias supplies EL2E1 and EL2E2 : 

- the IEEE-488 interface ELI7RI4 for the Weiss climatic chamber. 

Software support was given to the corrosion measurements on candidate materials for geological waste disposal. 

The electronic stores catalogue was updated. 

8.8.2.3. Construction 
(A. Lambert) 

86 instruments were constructed for various departments and companies. 

A new p. y-dust monitor type I5SI2 has been developed. 

8.8.2.4. General instrumentation 
|H. Van Trappen, G. De Wilde, C. Vandermeeren) 

About 100 tasks were carried out. The most important activities are the following : 
- for hydrogeological measurements : construction of a time base with logarithmic time markers and with three digital 
logarithmic decades and a transducer amplifier ; 
- for the Metallurgy department : construction of an ultrasonic test system ; the measuring head of which is mounted on a 
carriage : the displacement in the X- and Y-directions is scanned, controlled and protected by means of motors and electronic 
devices ; 
- construction of 6 superconductive coils ; 
- construction of about 36 different transformers or coils. 

About 125 repairs were carried out on apparatus of various kinds and origins. Many users have a permanent repair order 
for several apparatus. 

Also the maintenance of electromechanical peripherals was carried out. 

8.8.2.5. Internationa! relations 

At the request of the AIEA, J. Lauwets participated as a lecturer in a 3 week course on Nuclear Electronics at the :AF.A 
headquarters in Vienna. 

At the request of IAEA, S. Vandevyvere conducted a 4 week course on the use of advanced desk microcomputers in nuclear 
experiments at the "Laboratoire de Physique Nucléaire et Physique Appliquée". (I.PNPA). Université de Madagascar, 
Antananarivo. 

At the request of the AGCD ABOS. technical support was given by G. De Wilde to the laboratories of CREN ZAIRE during 
a 3 weeks mission. 

8.9. TECHNOLOGICAL SUPPORT 

8.9.1. HIGH-TEMPERATURE BRAZING 
(J. Parent) 

The high-temperature brazing equipment with induction heating under vacuum, was further used for brazing difficult joints. 

One specific application of the brazing technique is the penetration of instrumentation leads through a pressure vessel wall. 
Typical cases are in-pile experiments where as much as 30 instrument and heatci it.'ds have to be brought outside in one 
penetration using a reliable brazing or welding technique. Generally, the instrumentation leads only have thicknesses of about 
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0.1 mm in stainless steel or Inconel. with conductors of nickel alloys. Brazing temperatures of about 1150'C are used in this 
case When the brazing involves exotic materials such as niobium, used for its high temperature properties or conductors 
with low melting points such as copper, as it is the case for the PAHR experiment (see par. 2.5.), extensive tests are required 
to realize these penetrations with other brazing material and temperatures as used for stainless steel or Inconel. The technique 
for brazing niobium sheated high-temperature thermocouples and instrument leads with copper conductors have been worked 
out and made operational. 

8.9.2. EARLY DETECTION OF MALFUNCTIONING OF EQUIPMENT 
(J. Parent) 

The main device used for early detection remains the fast Fourier analyser system and its auxiliary equipment. It is quite 
convenient and reliable to solve some difficult problems and provides accurate results even when working conditions are bad 
and signals small and perturbed. In 1984, the Fourier analyser was mainly used to study the following matters : 

- vibration behaviour (transfer functions, damping, etc..) of the hexagons in the SNR seismic model (see Chapter 2.7) ; 
- flow determination in a sodium circuit by means of the correlation technique between weak signals given by several 
flowmeters mounted close to each other in the same section. This process is successful in several experiments such as MOL 
7C. MOL 18. etc [2 15] ; 
- study of temperature fluctuations in a lithium loop for several working conditions (power, lithium flow, temperature) ; 
- early detection of water boiling on a heater in a water loop by means of piezo-electric accelerometers. 

8.9.3. LASER WELDING 
(J. Leunen) 

The laser has proven to be a very useful tool for welding of thin walled stainless steel, bellows and thermocouples down to 
LH outside diameter of 0.5 mm. Also other materials like titanium, niobium, copper, platinum and Inconel have been successfully 
welded. Fig. 8.9.3. shows a laser weld of a bellow to an end piece. 

The laser welding machine has been used for the assembly of irradiation rigs as well as for specific works for the industry 
and other research institutes. In order to weld more complicated forms, the laser is completed with an XY positioning table. 
The table is actuated by stepping motors, controlled by a microprocessor. 

END PIECE 

LASER WELD 

BELLOWS 

Fig. 8.9.3. Later weld of bellows to end piece. 
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8.9 4. REAL TIME DATA ACQUISITION AND PROCESSING 
iM. Décrètes) 

The real time computer network installed in the Technology and Energy departement is used for the data acquisition and 
processing for in-pile and out-of-pile experiments. In particular, it was used in the framework of the : 
- LMFBR experiments (MOL 7C safety experiment, MOL 18 campaign, OASIS tests, etc..) ; 
- PWR experiments (TRIBULATION programme, CEB tests, out-of-pile tests on fuel bundles in the ETL loop, etc..) ; 
- fusion experiments (FAFUMA tests, experiments in the liinium loop, etc..) ; 
- hydrogen project (COBELCON and ELPH experiments). 

Development work is under way to meet the particular requirements of the coming PAHR experiments. The network consists 
of four nodes, one located in the Technology and Energy departement, one in the BR2 reactor building, and two dei'icated 
nodes for high speed acquisition and processing (up to SO measurements stored per second in a non-interrupted stream). 
These last nodes can be operated in dual mode in order to increase the level of availability and reliability. 

Software work has been concentrated on the on-line plotting of data by way of synoptics as well as on the data validation 
processes to detect complex off-normal conditions. A software tool for automatic programme development as well as for 
system diagnosis (SIDDA programme) has been constructed based on specially developed expert system. 

Further effort has been put on improving the plotting programmes and on extending their use : 2D CAD package (DESI 
software packet), transparencies lay-out programme, interactive data file graphical manipulation programme, etc... The capability 
of the distributed sy tem has been fully used to achieve a complete virtual access of the whole network from each terminal. 
This has been particularly useful to remotely control measurement procedures of in-pile experiments. Small data loggers 
specific to given experiments have been integrated into the network. Complete file transfer capability has been made operational 
between the network and other computers in the department and outside (text processing network, main IBM computer, 
PDP system in the BR2 reactor, etc.). 

8.9.5. HEAT TRANSFER : ONSET OF BOILING UNDER TRANSIENT HEAT FLUX 
(M. Decreton, i. Parent, M. Rachedi') 

* Trainee 

Studies hive been continued on the heat transfer in boiling water with particular emphasis on the onset of boiling during 
heat flux surges. 
A one channel experimental loop has been used with a direct electrically heated tube. The heat flux surge parameters have 
been chosen to simulate realistic transients in PWR. Special work has been devoted to the accurate detection of boiling 
onset. A method based on externally located accelerometers has shown to give very sensitive signals depending on the 
excitation of resonant frequencies in the experimental loop. 

8.9.6. DESIGN AND ENGINEERING 
(W. Detavernier, J.L. Genicot). 

8.9.6.1. Calculation methods 

Study and software work was related to the calculation of heat transfer, pressure losses, mechanical strength and nuclear 
phenomena in structures. 

Various computer programmes were developed for use in the conversational mode. Among them the following have to be 
mentioned. 

CICOST 

The programme CICOST calculates the large radial temperature distribution is a cylindrical geometry composed of a large 
number of successive vertical walls with common axis. The walls may be separated individually by a stagnant gas or liquid. 
The temperature distribution is calculated as a function of arbitrary chosen heat losses from the inside to the outside and a 
given temperature at the outside surface of the assembly. The programme takes into account the radiai heat transfer by 
conduction, natural convection and thermal radiation. Presently the programme operates automatically with helium, argon, 
NaK, AISI 316 and ceramic fiber insulation in helium. The programme can be adapted very easily to run with other materials. 
The programme is written in extended basic for use on the microcomputer HP 9845 B. 
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TFCVI 

The programme TECYL calculates the radial temperature distribution in a vertical heal exchanger of cylindrical geometry, 
which may be composed of 9 successive walls with a common axis, containing flowing sodium in the inner annular section 
and cooling water in the outer. The walls may be separated individually by a stagnant gas or liquid. The programme calculates 
the temperature distribution for a given heat transfer from the inside to the outside. It starts with a given temperature of 
the cooling water. The programme runs by manual input of the physical properties on the keyboard. 
TFCVI takes into account : 

the heat transfer by forced convection in the outer and inner annular sections ; 
the heat transfer by conduction, natural convection and thermal radiation between the inner and outer annular section ; 

- the heat transfer accross narrow gas gaps ; 
- the thermal expansion of the walls : 
- possible internal heat production in the different walls : 
- possible reduced heat transfer caused by grooves in the walls. 
ITO'!, is written in FORTRAN 77 for use on the IBM 4341. 

HYDROD 

The programme HYDROD is written for the calculation of pressure losses in a closed circuit with incompressible fluids. It 
calculates the results in each section of the circuit (the sections being defined by the user) and gives the individual and global 
results in tabulation form. These results are : the pressure drop, the pressure head, the volume, length and cross-section of 
each section, the mean velocity and the Reynolds number. 

The different types of sections presently available are : annulus or pipe (cylindrical or not), progressive convergence, sudden 
contraction or expansion, elbow or snake shape, progressive divergence, exit of straight duct on wall and diaphragm. Direct 
input of a particular pressure loss is also possible. 

HYDROD is written in FORTRAN 77 for use on the IBM 4341. The programme runs automatically for water and sodium 
or b\ manual input of the physical properties for other fluids on the keyboard. 

I'K II RK 

this useful programme enables the drawing of all kinds of figures (drafts, plots, as well as the simulation of three dimensional 
pictures). 

Its full flexibility and easy mode of use helps the printing of special figures often requested by the previously mentioned 
calculation programmes 

Al.LPLT 

The programme ALLPLT is developed to plot linear, semi-log and logarithmic graphs with coherent text, starting from a 
function or a series of given co-ordinates which may be represented by twelve different symbols. 

I he programme is written in extended basic for use on microcomputer HB 9845 B. 

8.9.6.2. Engineering material properties 

I.itcratii'c surveys were continued to collect physical and mechanical properties of gases, fluids and materials as a function 
of temperature for the design of equipment. Special attention was given to the properties of stainless steel type AFSI 316 H. 
Inconcl IOO and high-tcmperalure materials or insulation. Some properties were curve fitted and plotted on graphs. 

Tests ::\ 20"C were started for the determination of the normal cmissivity of commercial AISI 316, AISI 316 H discs 
manufactured from bars, foils of AISI 321 H, AISI 304. nickel, Inconel 600 and nickel-coated stainless steel tubes after being 
heated at 200, 400, 600 and 800T for 2.5 days in air and argon. These properties are important for equipment operating at 
high temperature. 

8.9.7. ROBOTICS AND ARTIFICIAL INTELLIGENCE 
IVI. Decreton, J. Van der Aimera) 

,\ project has been initiated on the implementation of a robot in a constrained hostile environment (GALATHE project). 
I sing a small 5 1/2 axis robot arm, a high level control software has been written allowing the arm to be moved using user 
friendly commands and to integrate a basic knowledge of the environment. Collision detection algorithms have been developed. 
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Work is presently in progress on environmental recognition (e.g. dealing with non-predictable obstacles, non-fixed location ot 
objects to be handled, etc..) using non-contact distance detectors and a vision svstenv O-̂ Hisio!* avoid-ince '.il*»oriihsm and 
grasp orientation choice are also in the development phase. Apart from these applications to robot control, artificial intelligencc 
techniques hove been used to develop a small expert system. It automates the development of reai time measurement and 
control procedures, as well as the diagnosis of procedure failures (SIDDA programme). 

Work is in progress to introduce the same technique in the 2D CAD package (DF.SI programme), in order 10 integrate 
computer aided design features as pattern manipulations, drawing validation, etc... 

Development work is also in progress on a special computer-controlled lifting device for the reprocessing cells in the l.HMA. 
The system has three degrees of freedom and the followign principles were applied : 
- a simple mechanical design for all the parts located in the cell and the use of materials which resist to radiation and need 
no maintenance : 
- ihe absence of switches or electric components inside the cell : 
- the position control by means of absolute optical shaft encoders : 
- the use of a personal computer. 

8.9.8. I.WR F l EL IRRADIATION DEVICE FOR THE TAJl RA NlCLEAR RESEARCH REACTOR il IBYAi 
(A. Fall*, I. Towcgiar*) 

' TAJLRA Nuclear Centre - Libya 

In the scope of a contract between the "Secretariat of Atomic Energy" in Tripoli (Libya) and SCK CF.N. a feasibility study 
and a conceptual design have been evaluated for an l.WR fuel rod irradiation device for the TAJl'RA Nuclear Research 
Reactor. 

By the end of 1984. the following points have been completed : 
- the concept of the irradiation device : water rig with a radial dissipation of the fission power into the primary cooling 
water of the reactor. The concept has been checked for its applicability (cooling, mechanical design, handling in the pool, 
transfer to the hot-cell) in the TAJL'RA reactor : 
- the choice of me irradiation position : a 41! mm o reflector channel : 
- the assembly drawings of the in-pile section. 

One Libyan engineer has participated during 4 months in this feasibility study. Two Libyan technicians have been instructed 
during 2 months in fabrication techniques related to the irradiation devices for a materials testing reactor. 

The detailed design of the in-pile section mock-up (without fuel rod) has started in December 19X4. It should be completed 
by mid-February 1985. The purpose of the mock-up is the investigation of the cooling flow-rate, the available neutron flux 
density, profile and spectrum and the gamma heating rate in the reflector channels in order to obtain a thorough evaluation 
of the irradiation conditions. 
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5.2 3 DF.KI MPENEER F... LISKIEN H .. MEVVISSEN L . POORTMANS E. 
Experimental calibration of a NE? 13 liquid scintilator. 
-Neutron Interlab Seminar. RRAL'NSCHWEIG | F.R.Germany). 6- H 06 19X4 

5 2 1 DTIONDT P.. WAGHMANS C . EMSAILEM A.. BRISSOT R. 
Measurement of the thermal neutror induced fission cross-section of ;"T'. 
-Neutron Intcr-laboratorv seminar, Plivsikaliseh technische Bundesanstalt. BRAUNSCHWFIG. (F.R Germany). 
6-8 06 1984. 
Ann. Nucl. En. 1 I. 485-4SS (1984). 

5.2 5 LTHONDT P.. WAGF.MANS C . EMSALLEM A.. BRISSOT R. 
Measurement of the thcriiv' neutron induced fission cross-section of :"L'. 
-Neutron interlab seminar. FIB. BRAUNSCHWEIG (F.R.Germany). 6-8 06'1984. 

5.2 6 D'HONDT P.. WAGF.MANS t . . EMSAI I.EM A.. BRISSOT R. 
Measurement of the thermal-neutron-induced fission cross-section of : W C 
-Ann. Nucl. Energy, I I , N "10. 485-488 (1984). 

5.2 7 EMSAI I FM A., ASGIIAR M.. D'HONDT P.. WAGEMANS C. 
Thermal n.'iitron induced n-particle reactions on MC6 ,C6"Zn and 'Se -/.. Phys.A315. 201-204 (1984). 

5 28 GEWEI I M. 
La datation des concrétions des cavernes. 
-Réunion du groupe de contact F-'NRS Archcomctric. LIEGE. 26 10 1984 

5.2 9 GEWEI T M. 
Les datations radiométriques - '4C et :,"Th 'JV*U - Radiometric datations - Radiometrische Daticrungcn. 
-Colloque Int. de Karstologie appliquée. LIEGE. 31 5-3 6 1984. 
-Proceedings : 9. 12. 22. 24 (1984). 

5 2 Kt GF WELT M , FIERRO G. 
le heach-rock de Capo Noli (Finale Ligure. Italie) : Datation "C et variations diurnes du pH dans des cuvettes. 
-Le heach-rock. Colloque de Lyon. 28-29 II 1983. 
-Travaux de la Maison de l'Orient (GIS). n"8. 55-66 (19X4). 

5 2 11 (if WELT M . GASCOYNE M , QLINIF Y.. CAN TIL! ANA R. 
Les datations radiométriques 
-Kölner Georgr. Arb. 45. 95-104 (1984). 

5.2 12 KAF.RTS F 
High precision gamma-ray spectroscopy at the BR2 (Mol) with application to 'MEu and "*Dy. 
-Meeting of contact group "Nuclear structure". GFNT, 16 (14 1984. 

5.2 13 K A ERTS E. 
(n.gamma) Spectroscopy with .• bent crystal dirt'r;'ctometer at the BR2-reactor Mol. 
-National Bureau of Standards. WASHINGTON U ( (U.S.A.). 18 09 1984. 
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5 2 14 KAERTS E.. VAN ASSCHE P 
Crystal reflectivity for gamma rays. 
-5th Int. Symposium on capture gamma spectroscopy and related topics. KNOXVILLE (U.S.A.). 10-14 ()9 1984. 
Proceeding's. 918 (1984). 

5 2 15 KERR S.A., HOYLER F.. SCHRECKENBACH K., BORNER HG, COLVIN G.. VAN ASSCHE P. 
KAERTS E 
The level scheme of '**Dy obtained by double neutron capture. 
-5th Int.Symposium on capture gamma ray spectroscopy and related topics KNOXVILLE (U.S.A.). 
10-14/09/1984. 
Proceedings : 416 (1984). 

5.2 16 KOCH G., GEWELT M. 
Les méthodes radioactives de datation. 
-Le Temps - Des milliards d'années au milliardiéme de seconde, 215-226 (1984). 

5 2 17 KOHLER R.. MEWISSEN L.. POORTMANS F.. VAN PARYS L. WEIGMANN H 
High resolution neutron resonance spectroscopy. 
-Com'cr̂ nce on Neutron-Nucleus Collissions as a probe of nuclear structure. BURR OAK (U.S.A.). 5-7 9 1984. 

5.2 18 NEVE DE MEVERGNIES M. 
Photochemistry of CHF, under CO, laser pulses. 
-3rd Int. Conference on Infrared Physics, ZURICH (Switzerland), 23-27 07 1984. 

5.2 19 NEVE DE MEVERGNIES M 
Isotopic effects in the photodissociation of CHF, induced by CO, laser pulses. 
-Int. Quantum Electronics Conference and Conference on Lasers and Electro-Optics. ANAHEIM (LîSA). 
18-22/06/1984. 

5.2 20 NEVE DE MEVERGNIES M. 
Photodissociation de CHF, par laser CO; pulse. 
-Réunion scientifique générale de ia Société Belge de Physique. LOUV.AIN-la-NEUVE. 7-8 06 19X4. 

5.2/21 POORTMANS F.. MEWISSEN L. ROHR G, SHELLEY R., VANDERVEENT.. WEIGMANN H . 
CORNELIS E., VANPRAET J. 
Neutron resonance parameters of ""U. 
-Meeting of the NEANDC task forces on the analysis of transmission on capture data. SACLAY (France). 
9-10/10/1984. 

5.2/22 SCH1LLEBEEKX P., WAGEMANS C. DERUYTTER A. 
Fission fragment mass and energy distribution for spontaneous and thermalneutron induced fission if several 
plutonium isotopes. 
-Neutron Interlab Seminar, BRAUNSCHWEIG (F.R.Germany). 6-8/06/1984. 

5.2/23 SPITS A., VAN ASSCHE P.. BOERNER H., DAVIDSON W„ WARNER D.. SCHRECKENBACH K. 
COLVIN G., GREENWOOD R.. REICH C. 
A complete identification by the particle-rotor model of "'Gd states up to I MeV. 
-Fifth Int. Symposium on capture gamma ray spectroscopy and related topics. KNOXVILLE (U.S.A.). 
10-14/09/1984. 

5.2/24 THIERENS H , JACOBS E, DE CLERCQ A., PIESSENS M., DE FRENNE D., DHONT P 
Fragment mass and kinetic energy distributions for 2<2Pu(s,f), "'Pufn .̂f) and M;Pu(y.f). 
Phys. Ree. C, Vol. 29, nr. 2, 498 (1984). 

5.2/25 VERBOVEN M., VAN DEN EYNDF. C. JACOBS E.. DE CLERCQ A., DE FR ENNE D, DHONDT P 
Emissie van 'H en 4He-deeltjes in de fotofissie van "7Np. 
-Algemene wetenschappelijke vergadering van de Belgische Natuurkundige Vereniging. LOUVAIN-LA-NEUVF 
(Belgium). 7-8/06/1984. 

5.2/26 WAGEMANS C. 
Some users'comments on the fabrication, the assaying and the use of samples for nuclear measurements 
-Meeting of the International Nuclear Target Development Society, ANTWERPEN, 25-28 09 1984. 

5.2/27 WAGEMANS C, ALLAERT E, DERUYTTER A., BARTHELEMY R.. SCHII.LEBEECKX P 
Comparison of the energy and mass characteristics of the "'Pu (n,h.f) and the !<"Pu (s.f.) fragments. 
-Phys.Rev. C30, 218-223 (1984). 



5 2 28 WAGEMANS C . DERLYTTER A. 
New results on the :"U(n.f) fission integrals. 
-IAEA Advisory- Group Meeting on Nuclear Standard Reference Data. GEE1. (Belgium). 12-16 11 1984 

5 2 29 WAGEMANS C . DERLYTTER A. 
Sub-thermal fission cross-section measurements. 
IAEA Advisory' Group Meeting on Nuclear Standard Reference Data. GEEI. (Belgium). 12-16 II 1984. 

5 2 30 WAGEMANS C, DERLYTTER A. 
Preliminary results of fission cross-section measurements with subthermalncutrons. 
-Neutron interlab Seminar. P.T.B. BRAUNSCHWEIG. (F.R Gemr.any). 6-S ()6 1984. 

5 2 31 WAGEMANS C . DERUYTTER A. 
New results on the ;"U(n.f) normalization integrals. 
-Neutron Interlab Seminar. P.T.B. BRAUNSCHWEIG. (F.R. Germany). 6-X 06 1984. 

5 2 32 WARMENBOL P . PEETERS F . DEVREESE J. 
Oscillatory behaviour of the Hall factor in crossed electric and magnetic-fields. 
-17th Int. Conf. on the Physics of Semiconductors. SAN FRANCISCO (USA). 6-11)08 19S4 

5.3. - RADIOBIOLOCY 

5 3 I ARAPIS G . BONOTTO S . GERBER G.B.. KIRCHMANN R 
Experimental study on the uptake and biological effects of tritium on theunicellular gr_en algae Acetabularia. 
Chlamydomonas and Dunaliella. 
-Belgian-Dutch-S-vedish Joint Meetia jn clinical and experimental radiobîology. I.UND (Sweden). 3-4 05 1984. 

5 3 2 ARAPIS G.. BONOTTO S . NUYTS G . BOSSUS A . KIRCHMANN R. 
Uptake and molecular distribution of 'H in the unicellular algae Acetabularia and Chlamydomonas and its transfer 
through an experimental food chain. 
-Réunion de la Soc. de Physiologie végétale de la Communauté francophone de Belgky.ic (SPVF). LOU'V'AIN-
LA-NEUVE. 14 01 1984. 
-Arch. Int. Physiol. Biochim. 92. V33-V34 ( 1984). 

5 3 3 ARAPIS G.. BONOTTO S.. PUISEUX-DAO S. 
Incorporation of 'H and l4C into Acetabularia acetabulum. 
-6th Int. Symposium on Acetabularia, PISA (Italy). 1-3 10 1984. 
-Book of Abstracts : 27-28 ( 1984). 

5 3 4 ARAPIS G.. HOLRSIANGOL-NEUBRUN D . BONOTTO S . PUISEUX-DAO S. 
The apicobasal differentiation of the chloroplast population in Acetabularia : In vivo gradient of DNA synthesis. 
-Proceedings of the l l th International Seaweed Symposium. QINGDAO (China). 19-25 6 1983. 
-Hydrobiologia. 116 117. 189-193 (1984). 

5 3 5 ARAPIS G . HOURSIANGOU-NEUBRUN D.. BONOTTO S.. PLTSF.UX-DAO S 
The apicobasal differentiation of the population in Acetabularia : in vivo gradient of DNA synthesis. 
-Xlth Int. Seaweed Symposium. QUINGDAO (China). 19-25 06 1983. 
Proceedings : Hydrobiologica. 116 117. 189-193 (1984). 

5 3 6 ARAPIS G., NUYTS G., BOSSUS A . BONOTTO S . KOCH G . GFRBFR O B . KIRCHMANN R 
Role of unicellular algae in the behaviour of tritium in the aquatic systems. 
-Proceedings of the Workshop on "role of microorganisms in the behaviour of radionuclides in aquatic and 
terrestrial systems and their transfer toman". BRUSSEL. 25-27 04 1984 
Proceedings : 60-65 (1984). 

5.3 7 ARAPIS G . NUYTS G.. BOSSUS A. GILLES J BAUGNET-MAHIHU i... BONOTTO S..GF.RBER G.B.. 
KIRCHMANN R 
Incorporation of trilium into the total organic matter and the proteins of the green unicellular algae Arctabularia 
acetabulum and Chlamydomonas reinhardi. 
-Proceedings of the Int. Symposium on the behaviour of long-lived radionuclides in the marine environment. 
SANTA TERESA, 28-3009 1983. EUR92I4 EN. 283-296 (1984). 

5 3 8 ARAPIS G.. PUISEUX-DAO S. BONOTTO S 
Factors affecting uptake and distribution of tritium in the giant unicellular marine alga Acetabularia. 
-European Seminar on the Risks from Tritium Exposure. MOL. 22-24 11 ll)X4 
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9 BELCARI P. RANIERI S . CINELLI F.. BONOTTO S. 
I t'1'77 i7ione di una catena trotica sperimentale come modello del compartamento del trizio neU'ambiente marino. 
- r Congresso S.I.T.E.. PADOVA (Italy). 25-28 06 1984. 

10 BIERKENS J 
Biological availability of the transuranic Am-241 in different types of freshwater for Astacus leptodactylus 
Eschscholtz (Turkish crayfish). 
-Colloquium on the toxicity of radionuclides. LIEG^. 19-20 111982. BLG 563. 128 (1984). 

11 BIERKENS J . VANGENECHTEN J.. VAN PUYMBROECK S . VANDERBORGHT O. 
Influence of humic acids and AI1' on the fixation of MIAm on the exoskeleton of Astacus leptodactylus Eschscholtz. 
-Seminar on the environmental transfer to man of radionuclides released from nuclear installations. BRUSSELS. 
17-21 10 1983. 
-Proceedings : Vol.1. 307-320 (1984). 

12 BIERKENS J. VANGENCCHTEN J. VAN PUYMBROECK S.. VANDERBORGHT O 
External fixation of Am-241 on the exoskeieton of the crayfish Astacus leptodactylus. 
-Annales So-- Royale Zool. Belg.. 114. 319 (1984). 

13 BONOTTO S 
Etudes de radioécologie marine avec technetium et tritium. 
-Conférence au Laboratório Nacional de Engenharia e Tecnologia Industrial, SACAVEM (Portugal). 23 05 1984. 

14 BONOTTO S. 
Research on Acetabularia and related Dasycladales : concluding remarks and perspectives. 
-6th Int. Symposium on Acetabularia. PISA (Italy). 1-3 10 1984. 
Book of abstracts. 29-31 (1984) 

15 BONOTTO S . ARAPIS G . GERBER G.B.. KIRCHMANN R 
Tritium distribution in marine and freshwater mussels fed with labelled microalgae. 
-Int. Seminar on the Behaviour of Radionuclides in Estuaries, RENESSE (The Netherlands), 17-21 CS' 1984. 
-Abstract: p. 16 (1984). 

16 BONOTTO S.. ARAPISG.. MELLET J.. HOURSIANGOU-NEUBRUN D., CINELLI F., BELCARI P., GERBER 
G B . KIRCHMANN R 
Behavio' of tritium in the marine environment : uptake and distribution of tritiated water and of tritiated organic 
compounds in unicellular and multicellular algae. 
-Xlth Int. Seaweed Symposium, QUINGDAO (China). 19-25 06 1983. 
Proceedings : Hydrobiologia 116 117. 187-189 (1984). 

17 BONOTTO S . ARAPIS G . PAQUES M 
Comparison of the life cycle of Acetabularia acetabulum in the laboratoryand in nature. 
-Vergadering van de Vlaamse Vereniging voor Plantenfysiologie, DIEPENBEEK, 23/11/1984. 

18 BONOTTO S.. ARAPIS G.. PAQUES M 
On the life history of Acetabularia acetabulum (mediterranea) in the laboratory and in nature. 
-BLG 567 (1984). 

19 BONOTTO S.. VAN BAEI.EN I. ARAPIS G , GARTEN C.T., VANDECASTEELE C, MYTTENAfcRE C. 
COGNEAU M 
Incorporation of technetium in several marine algae and its transfer to ahigher trophic level. 
-Réunion de la Soc. de Physiologie Végétale de la communauté Francophone de Belgique (SPVF), LOUVAIN-
I.A-NEUVE, 14 0! [984. 
Arch. Int. Physiol. Biochim., 92. V14-VI5 (1984). 

20 BOURDON M., KIRCHMANN R , BINET J„ FAGNIART E., COLETTE A. 
Bilan de l'utilisation des cultures d'algues pour la détection des radioéléments présents dans les effluents des 
installations nucléaires. 
-Workshop UIR/CCF. "Role of microorganisms on the behaviour of radionuclides in aquatic and terrestrial systems 
and their transfer to man". BRUSSELS. 25-27 04/1984. 
-Proceedings: 124-131 (1984). 

21 CHANE7. P.O.. TIMMERMANS R . GERBER G.B 
Les récepteurs à la sérotinine du cortex frontal de rat. Influence d'un irradiation supra'.élale. 
-C. R. Soc.Biol., 178. 549-556 (1984). 



22 C1NELLI F . BELC\RI P . de RANIERI D . ARAPIS G . BONOTTO S.. G E R B E R G . KIRCHMANN R 
Behaviour of tritium in the marine environment : Studies with the maeroalgae I aurencia <htusa and (' stoseira 
compressa. 
-Int. Symposium on the behaviour of long-lived radinuclides in the marineenvironmeru. 1 A SPEZIA ( Italy ». 
28-30 09 1983. 
-Proceedings : EUR 9214. 271-282 (1984). 

23 DECAT G , LEONARD A 
Etude, in "itro, des effets cytogénétiques produits par les ultrasons utilisés en thérapeutique médicale et administrés 
seuls ou en combinaisonavec des rayons X. 
-Réunion de la Société Belge de Biologie. BRUXELLES. 2r> Il 1983. 
-C.R. Soc. Biol.. 178. 224-229 (1984). " 

24 DECAT G.. LEONARD A. 
Influence of 1 MHz continuous ultrasound waves on the cell kinetics and the >• s*.-r chromatid exchange frequency 
of rabbit lymphocytes. 
-Cahiers de Médecine du Travail. XXI. 6. 12-13 (I9S4). 

25 DE CLERCQ-VERSELE H.. KIRCHMANN R . G l l LARD J., BONNYNS-VAN GEI OIR E. 
Evolution of distribution in the Schelde Estuary of radium-226 released from industriel effluents. 
-Int. Seminar on the behaviour of radionuclides in estuaries. RENESSE (The Netherlands). 1"-21 1)9 h>s4 

26 DEKNUDT Gh. 
Relation between the nature of mitogen and the yield of SCFs induced by chemicals in human lymphocytes. 
-Cahiers de Médecine du Travail. 21. 13 (1984). 

27 DEKNUDT Gh. 
Importance of the mitogen in sister chromatic exchange studies. 
-Int.Symposium n sister chromatic exchange. BROOKHAVEN (USA). 4-8 12 1983. 
-Proceedings : Sister chromatic exchanges. 695-714 (1984). 

28 DEKNUDT Gh.. LEONARD A . ARANY A . JENAR-DU BUISSON G . DEI .AVIGNETTE I 
In vivo studies on the mutagenicity of arsenic. 
-XIV Annual Meeting of the European Environmental Mutai,. n Society. MOSCOW(URSS). I 1-14 09 1984. 
Book of abstracts p. 116-117 ( 1984 ). 

29 DEKNUDT Gh.. VERELLEN-DUMOULIN C . KAI.INA I . LEONARD A . DE MEYER R 
Celkinetiek, zuster chromatid uitwisselingen en stralengcvoeligheid bij Turnersyndroom 
-Interdisciplinaire studiedag, de Turnerpatiente in 1984. GENT. 3 11 ll»84. 

30 de SAINT-GEORGES L 
Time lapse response of mouse lung parenchyma to irradiation at different doses rates 
-Dutch-Swedish-Belgian Joint Meeting on clinical and experimental radiohiology. LUND (Sweden), ^ -4 (IS |l)S4 

31 de SAINT-GEORGES L. 
Morphometric analysis of the mouse lung parenchyma after X-ray irradiation 
-EL'LEP interlaboratory consultation. HARWELL (England). 10-11 10 1984. 

32 de SAINT-GEORGES L.. VERSCHAEVE I.., LEONARD A 
Inhibition par le chlorure ^e methyl mercure et le chlorure de mercure de!.i polymerization in vitro des microtubules 
-Réunion de la Société de Biologie. BRUXELLES. 26 1)5 1984. 
-C. R. Soc.Biol., 178. 562-566 (1984). 

33 de SAINT-GEORGES L . MABILLF V. LEONARD A 
The effect of mcthylmercuric chloride and Mercuric chloride on microtubules in vitro. 
-Cahiers de Médecine du Travail, 21 .6 (1984) 

34 DIELS L 
Bacteriocine ter bestrijding van baktcrieviiur 
-Technivisic, nr.38. 19 12 1984 

35 DIELS L . HOOYBERGHS-CAEYENS L . LEDOUX I 
Transformation of grass seeds by pBR325 and other piasmid* 
-7th European Meeting on genetic transformation. PARIS (France). 2-6 (19 19X4 
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5.3 36 DIELS L., HOOYBERGHS-CAYENS L., L.LEDOUX. 
On the selection of transformed grass plants. 
-WOLUWE, 17.11.1984. Réunion de la Société Belge de Biochimie. 
-Arch. Int. Physiol. Biochim., 92, B128-Bi29 ^984). 

5.3/37 DUJARDIN E., SIRONVAL C , KIRCHMANN R.. BONOTTO S. 
Utilization of fluorescence emission spectra analysis at 77°K to study the chloroplasts of the giant unicellular 
algae Acetabularia Acetabulum and Boergesenia forbesii. 
-6th Int. Symposium on Acetabularia, PISA (Italy), 1-3/10/1984. 
-Book of abstracts, 21-22 (1984). 

5.3,38 FABRY L. 
Study, by using a DNA repair inhibitor, of the induction of chromosomal aberrations in human lymphocytes 
after exposure to gamma-rays and fast neutrons. 
-5th Annual Meeting of the Belgian Environmental Mutagen Society (BEMS), BRUXELLES, 25 05/1984. 

5.3 39 FABRY L.. COTON C. 
Etude de la réparation des dommages de l'ADN induits dans les lymphocyteshumains par les rayons gamma et 
les neutrons rapides. 
-Réunion de la Société Belge de Biologie, BRUXELLES, 26/05/1984. 
-C.R.Soc.Biol. 178. 535-541 (1984). 

5.3 40 FABRY L., LEMLAIRE M. 
Aberrations chromosomiques produites dans les lymphocytes humains in vivoct in vitro. 
-Réunion de la Société Belge de Radiobiologie et Société Belge de Biologie. BRUXELLES. 24,11/1984. 

5.3/41 FABRY L., MERGEAY M., LEJEUNE P., GERITS J. 
Shuttle transfer of chromosomal genes mediated by plasmid pULB113 (RP4::mini Mu) in a mating between 
Pseudomonas fluorescens 6.2 and Alcaligenes eutrophus CH34. 
-Réunion de la Soc. Belge de Biochimie, RHODE. 25/02/1984. 
Arch. Int. Physiol. Biochim., 92, B25-B26 (1984). 

5.3/42 FABRY L.. WAMBERSIE A. 
Efficacité biologique r.lative des faibles doses de neutrons pour la production des chromosomes dicentriques 
dans les lymphocytes humains. 
-Réunion de la Soc. Belge de Biologie. BRUXELLES. 26/05/1984. 
-C.R.Soc. Biol., 178, 542-548 (1984). 

5.3/43 FAGNIART E., KIRCHMANN R., COLARD J 
Methodology for the study of soil-plant transfer of radionuclides. 
-15th Annual Meeting of the European Society of Nuclear method; in agriculture (ESNA). PIACENZA (Italy). 
3-7/09/1984. 

5.3/44 G/MJOmZOV B„ HOOGHE R„ BONOTTO S. 
Biological and biochemical effects of monensin and tunicamycin in Acetabularia acetabulum. 
-6th Int. Symposium on Acetabularia, PISA (Italy), 1-3/10/1984. 
-Book of abstracts, 15-16 (1984). 

5.3/45 GERBER G.B. 
Modélisation of tritium and critical pathways to man. 
-Colloquium on the toxicity of radionuclides, LIEGE, 19-20/11/1982. 
BLG 3Ó-», 58-68 (1984). 

5.3/46 GERBER G.B., LEONARD A.. JACQUET P., LAUWERYS R. 
Carcinogenicity, mutagenicity and teratogenicity of industrially used metals. 
-In : "Mutagenicity, carcinogenicity and teratogenicity of industrial pollutants", 59-126 (1984). 

5.3/47 GOCHET B., de MEESTER C , I EONARD A., DEKNUDT Gh. 
Lack of mutagenic activity of white spirit. 
-Int. Arch. Occup. Environ. Health, 53. 359-364 (1984). 

5 3/48 HOOGHE R.J. 
Cancer : le contrôle de la dissémirtticn. 
-L- Recherche. n"156. Vol. 15, 866-867 (1984). 
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49 HOOGHE R.J., SCHAAF-LAFONTAINE N., HOOGHE-PETERS E I . . VANDER PLAETSF. F . 
de SAINT-GEORGES L.. DORLING P.. JANOWSK1 M. 
Integrity of glycoprotein complex sugars is required for homing but not for s c erul other membrane-mediated 
functions. 
-Cell Biochemistry and Function. Vol. 2, 102-106 (1984). 

50 HOOGHE R.. VANDERMEEREN M.. VANDER PLAETSE F SMF.TS M . GREIMF.RS R. SCHAAF-
LAFONTAINE N. 
Inhibition of glycosylation : effect on cell membrane biochemistry and function. 
-Inserm-CNRS Colloquium on the role of carbohydrates in cellular recognition. Al'SSOIS (Frani:) . 
18-24/03,'1984. 
Biology of the cell. 51, 51a (1984). 

51 HOOGHE-PETERS E.L.. HOOC-.iE R.J. 
Auto-immunity. 
-XXV Anniversary' Symposium of the Belgian Research Group for Multiple Sclerosis. BRI SSFL. K» 12 03 1983. 
Proceedings : 3-6 (1984). 

52 JACQUET P. 
Morphologic.?! and cytogenetical investigations on the influence of oxygcngonadotropins on the response of pro-
nuclear eggs to low doses of X-rays. 
-18th Annual Meeting European Society for Radiation Biology. ZURICH (Switzerland). 9-13 09 1984. 
-Book of abstracts : 226-227 (1984). 

53 JACQUET P. 
The use of the embryo-culture techniques in the research on the teratogenic and mutagenic properties of metals. 
-1st Workshop on Carcinogenic and or Mutagenic Metals. GENEVE (Switzerland). 12-14 09 19X3 
Toxicol. Environ. Chem. 7, 269-285 (1984). 

54 JACQUET P.. KERVYN G.. DE CLERCQ G. 
In vivo studies on the mouse zygote radiosensitivity. 
-Eulep Symposium "Effects of prenatal irradiation with special emphasis to late effects". BORDEAUX (France). 
29/07/1982. 
-EUR 8067 EN, 19-29 (1984). 

55 JACQUET P., PIRE P. 
Morphological and cytogenetic studies of dominant lethality induced by mitomycin C and cyclophosphamide in 
female germ cells. 
The use of Robertsonian translocations as a 'marker system" to identify the zvgote pronuclei 
-Mutat. Res. 128, 181-194(1984). 

56 JANOWSKI M. 
Structure and role of the retroviral long terminal repeats in oncogenesis. 
-Reunion annuelle EULEP, REISENSBURG (F.R.Germany). 28 02-2 03 1984. 

57 JANOWSKI M., MANGELSCHOTS K„ NUYTEN J.M., MAISIN JR. 
Nucleotide sequence of the env. gene of radiation leukemia virus. 
-XV Meeting of the European tumor virus group, URBINO (Italy). 19-24 09 1984. 

58 JANOWSKI M.. MERREGAERT J„ NUYTEN J.M., MAISIN JR. 
The proviral genome of radiation leukaemia virus (RadLV): integration sites in tumour cell DNA and characterization 
of an infectious molecular clone. 
-Réunion de la Société Bel^e de Biochimie, RHODF-ST-GENFSF, 2502 1984 
-Arch. Int. Physiol. Biochim., 92, B32-B33 (1984). 

59 JANOWSKI M.. MERREGAERT J.. NUYTEN J.M., MAISIN JR. 
Lc génome proviral du virus des radioleucoses murines (RadI.V):clonage moléculaire, analyse de rcstri.tion et 
site d'intégration dans l'ADN des cellules tumorales. 
-C.R. Soc. Biol., 178, 183-194 (1984). 

60 JANOWSKI M., MERREGAERT J.. BONIVER J.. MAISIN J R 
The proviral genome of radiation leuktmia virus; molecular cloning, nucleotide sequence of its long terminal 
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VAN ASBROECK Ph., NIHOUL J , CASTEELS F 
Une application de l'emploi conjoint de 3 méthodes d'aide à la décision multicritére : agrégation, clectre, oreste. 
-20ème réunion du groupe de travail européen : "Aide 3 la décision multicritére". PARIS (France), 
18-19/10/1984. 

VAN DER PARREN J. 
Sample size required to be sure that an increase of percent defectives bya fo.-Kir f will be labelled "significant" 
in 90"o of the cases. 
-BLG 5^5 (1984). 



Appendix 2 

THESES 

Etude géochronologique de sédiments récents en tant qu'indicateurs de la contamination en métaux lourds de différents 
milieux aquatiques. 
Michel THOMAS 
Docteur en Sciences - Facultés Universitaires 
Notre-Dame de 1? Paix, Namur 

Supergeleidende eigenschappen van zuiver, met zuurstof behandeld en met ionen bestraald vanadium. 
F. DE SCHUTTER 
Doctor in de Wetenschappen - K.U.Leuven 
March 1984 
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Appendix 3 

PATENTS 

A. Patents applied for 

- "Verbrandingsinrichting" 
Patent applied for by SCK CEN 
N. VAN DE VOORDE, J. GIJBELS 
Japan (Applied for on 24.02.1984, No.34095'1984) 

- "Selectief filtreermateriaai" 
Patent applied for by SCK CEN 
O VANDERBORGHT 
Belgium (Applied for on 26.09.1984. No. 2 60508) 

- "Procédé de préparation de silicate de lithium et silicate de lithium ainsi préparé" 
Patent applied for by SCK CEN 
J FLIPOT, P. DIELS. R. LECOCQ 
Belgium (Applied for on 21.09.1984, No. 260505) 

B. Patents granted 

- "Procédé de mesure de la dose d'irradiation neutronique, dispositif et moniteur pour la mise en oeuvre de ce procédé' 
Patent applied for by SCK CEN 
F. MATHIEU 
The Netherlands (Granted on 03.01.1984, No. 173.560) 

- "Eenheid voor een electrochemische cel" 
Patent applied for by SCK CEN 
G SPAEPEN, J. VANDENBORRE. L. BAETSLE, A. BLANCHART, R. LEYSEN 
Norway (Granted on 28.11.1984, No. 150.689) 

- "Werkwijze ter bereiding van een katalysator voor een isotopische uitwisellingskolom en aldus bereide katalysator" 
Patent applied for by SCK, CEN 
A. BRUGGF.MAN, R. LEYSEN, P. VERMEIREN, M. MONSECOUR 
Great-Britain (Granted on 10.10.1984, No. EUR 0.045 552) 
France (Granted on 10.10.1984, No. EUR 0.045 552) 
Luxemburg (Granted on 10.10.1984, No. EUR 0.045 552) 
The Netherlands (Granted on 10.10.1984. No. EUR 0.045 552) 
Italy (Granted on 10.10.1984, No. EUR 0.045 552) 
Sweden (Granted on 10.10.1984, No. EUR 0.045 552) 
Switzerland (Granted on 10.10.1984, No. EUR 0.045 552) 
Austria (Granted on 15.10.1984, No. E 9.765) 
Germany (Granted on 14.09.1984, No. P 3166611.6) 
Canada (Granted on 17.07.1984, No. 1.171.059) 

- "Procédé permettant l'extraction des ions fluorure des solutions de retraitement de combustibles nucléaires" 
Patent applied for by SCK/CEN 
I. VAN DE VELDE, L. BAETSLE. D HUYS 
USA (Granted on 04.09.1984, No. 4.469.629) 

- "De afscheiding onder vaste vorm van radioactief iodium uit Mercurex wasoplossing" 
Patent applied for by SCK/CEN 
I . GEENS, W. GOOSSENS, J. VAN DOOREN 
USA (Granted on 24.07.1984. No. 4.461.683) 

- "Viseur électromagnétique" 
Patent applied for by SCK/CEN 
!.. BINARD 
Luxemburg (Granted on 07.03.1784, No. 84.209) 
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Appendix 4 

SEMINARS HELD AT SCK/CEN 

A. By SCK/CEN personnel 

25.01.1984 
- Mécanismes de production des dommages cytogénéliques par les agents clastogènes 
FABRY L. 

01.02.1984 
- Toxiciteit van quaternaire ammoniumzouten 
BAEYENS W. 

06.03.1984 
- Energiewinning uit zwavelrijke brandstoffen 
GOOSSENS W. 

09.03.1984 
- Principes et méthodes morphométriques - application à l'étude des lésions pulmonaires après irradiation 
de SAINT-GEORGES L. 

29.03.1984 
- De studie van orde in legeringen door middel van elektronenmikroskopie en elektronendiffraktie 
AMELINCKX S 

26.04.1984 
- Vibrational photochemistry of CHF, under CO : laser radiation 
NEVE DE MEVERGNIES M. 

26.04.1984 
- Kennismaking met NET (Next European Torus) 
MOONS F 

09.05.1984 
- Het voorkomen van PCB's, PCDD's en PCDF's in de emissies van huisvuilincincralnrcn 
DE FRE R., WALTERS E. 

09.05.1984 
- PCB's, PCDD's en PCDF's in het milieu 
RYMEN T. 

10.05.1984 
- Informatie bijeenkomst "Studiekern aërosolcn - Filtertestcn met behulp van lascrspektromctric" 
DEWORM J R . SLEGERS W. 

23.05.1984 
Fusie technologic dag 
- Situering van het Belgisch programma in het Europees kader. 
NIHOUL J. 
- Algemene probleemstelling van de fusiereactor 
SNYKERS M. 
- Elektronenbestralingen 
SNYKERS M. 
- Neutronenberekeningen en dosimetric 
DE RAEDT Ch. 

11.09.1984 
- Research in industrial acidification 
VANDERBORGHT O. 

12.09.1984 
- Struktuurbcpaling van het 3'einde van het "ENVELOPPE" Gen Radl.V VI.,7 + 1 + 
MANGELSCHOTS K 



12.09.1984 
- topografie 'an ecotrope pro\iru!e sckwcntics ir. straüngsgemduceerde beendertumoren van de CF, muis 
VANDÈRAl'WE1.AERT E. 

12.0919X4 
- Etfekt van glycosylatieïnhibitoren op de binding van lectines met membraan glycoproteïnen 
VANDERMEEREN M. 

24-28 09 1984 
IAEA Research coordination programme meeting on the retention of iodine and other airborne radionuclides in nuclear 
facilities during abnormal and accident conditions 
- Development of source-term related test methods for normal and accident conditions at nuclear facilities 
DEWORM J P. SIEGERS W. 

2h.<w.itm 
- Toepassingen van elektronenmikroskopie 
Applications du microscope électronique 
GIANFELICI de REYNERS E . REGNIERS L.. REYNERS H., de SAINT-GEORGES L. VAN GORP I'. 

17.10.19X4 
Seminar on ceramics for the future 
- SCK C'EN activities on ceramics 
LI IPOT A.J 

07.1I.I9S4 
- De zusier ehromatide uitwisselingstechniek in lymphocytstudies 
DEKNl DT Gh. 

07.11.1984 
Réunion de la Société Belge de Géologie 
- la datation des concretions stalagmitiques par 14C et :"Th :MU 
GEWEI T M. 

14.11.19X4 

- Recherches sur la résistance aux métaux lourds chez les bactéries 
MERGEAY M 

27.11.1984 
- The Belgian advanced alkaline water electrolysis programme 
VANDENBORRE H. 

05.I2.I9S4. 
- Potentialités mutagénes des diverses formes de production d'électricité 
LEONARD A 

11.12.1984 
- Simulatie van de invloed van energiebesparende maatregelen in een raffinaderij op de luchtverontreiniging in Antwerpen 
VANDERBORGHT B 

19 12.1984 
- I es bactériocines actives contre Erwinia amvlovora. agent responsable du feu bactérien 
THIRY M 

21)12.1984 
- Mibemol : a six-chopper time-of-ftight spectrometer installed on a neutron guide of the ORPHEE reactor at Saclay 
HA1TECLER S. 

R. By guest speakers 

10.01.1984 

- Creatief denken 
VANOSMAEI. P.(COC'D. Centrum voor de Ontwikkeling van het Creatief Denken) 

26.01.19X4 

New degrees of freedom in the interacting boson model 
Prof HEYDE K. (R.ÜGent) 
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09.02.1984 
- Fundamental physics with photons at high energies 
Prof. DESLATTES R.D. (Physikalisches Institut dcr Universitât Heidelberg and National Bureau of Standards. Washington) 

22.02.1984 
- DNA rearrangements linked to antigenic variation in Trypanosomes 
Dr. PAYS E. (Département Biologie Moleculaire. ULB) 

30.03.1984 
- Exploiting the shape of the fission barrier 
WEIGMANN H. 'CBNM, Geel) 

8.05.1984 
- Modifications de glycosylation des protéines au cours de la transformation tumorale des hépatocytes de rat 
Dr. SAUNIER B. (Ù'niv. de PARIS V) 

17.05.1984 
- Order and chaos. Simple mathematics for complicated dynamics 
VAN LEUVEN P. (Rijksuniversitair Centrum Antwerpen) 

04.06.1984 
- The Swedish radioactive waste disposal concept 
Dr. WERME L. (SKBF. Stockholm, Sweden) 

05.06.1984 
- Use of plant protoplasts for somatic cell hybridization and genetic transformation 
Dr. DEEPAK PENTAL (Univ. Nottingham, Department of Botany. U.K.) 

14.06.1984 
- Thin-layered lithium cells : fact or fiction ? 
LERIBAUX H.R. (European Space Agency, Noordwijk. the Netherlands) 

21.06.1984 
- Incommensurate phase transitions 
MICHEL K. (Dept. Natuurkunde, Universitaire Instelling Antwerpen) 

07.09.1984 
- The Canadian nuclear waste R&D-programtne 
ROSINGER E. (AF.CL - Whiteshell Nuclear Research Establishment. Canada) 

13.09.1984 
- Ecological acidification research in the U.S.A. 
VAN MIEGROET H. (Univ. of Seattle. Washington. USA) 

19.09.1984 
- Biological effect of JJ,,Pi!02 particles in lung tissues 
MOORES S. (Environmental & Medical sciences division, AERE Harwell, U.K.) 

24-28.09.1984 
IAEA Research coordination programme meeting on the retention of iodine and other airborne radionuclides in nuclear 
facilities during abnormal and accident conditions. 
- Retention of gaseous radioiodine with sortants under normal and accident conditions. Recent and current work in the 
Federal Republic of Germany or DEUBER H. (KfK. Ka Isruhc) 
- Experimental investigation of fiber-glass filter material i nder simulated accident conditions. Theoretical and experimental 
investigation of the performance of iodine adsorbers. 
FRIEDRICH V. (Institute of Isotopes of Hungarian Academy of Sciences, Budapest) 
- Experience with the filtration system of the off-gas system of the Seibersdorf incinerator plant. 
PATEK P.R.M. (Östevreichisches Forschungszcntrum, Seibersdorf) 
- Evaluation of HEPA-filters under high temperature humidity and radiation. 
- Evaluation of charcoal adsorbents under high temperature, high humidity and high radiation. 
RAMARATHINAM K. (Bhabha Atomic Research Centre, Trombay. Bombay) 
- The study on the removal efficiency of a TEDA impregnated charcoal bid for mclhyliodide under dry conditions. 
Soon H. CHANG (Korea Advanced Institute of Science and Technology, Seoul). 
- Filter testing under special conditions. 
ULLMANN W. (Bov.d of Nuclear Safety and Radiation Protection. Berlin GDR) 

V) 



03.10.1984 
- Modulation hormonale de la differentiation et de la prolifération cellulaires 
Dr. GALAND P. (U.L.B., Laboratoire de Cancérologie expérimentale) 

10.10.1984 
- Utilisation des pleurodeles comme indicateurs de la pollution des eaux 
GRINFELD S. (Univ. de Toulouse, France) 

17.10.1984 
Seminar on ceramics for the future 
- Microstructural design of zirconia-ioughened ceramics (ZTC) 
CLAUSSEN N. (Max-Planck-Institut fur Metallforschung, Institut fur Werkstoffwissenschaften, Stuttgart, F.R.Germany) 
- Non oxide ceramics : Basic R&D and applications 
GUGE1. E. (Cremer-Forschungsinstitut, Ródental, F.R.Germany) 
- Transformation-toughened zirconium oxide : properties and applications 
SCHUBERT H. (Max-Planck-Institut fur Metallforschung, Stuttgart, F.R.Germany) 
- Durability of engineering ceramics for high temperature applications 
DAVIDGE R.W. (AERE., Harwell, U.K.) 

17.10.1984 
- Genotoxicitc des produits de pyrolyse dans les aliments 
de MEESTER C. (UCL, Faculté de Médecine) 

22.10.1984 
- Dynamics of bone-seeking radionuclides in a*Ra anb *°Sr ingested beagles 
PARKS N.J. (Univ. of California, Davis , USA, Lab. for energy related health research) 

24.10.1984 
- Influence des rayons gamma sur la synthèse des protéines dans les mitochondries du foie de rat 
GALOUTZOV B. (Univ. de Sofia, Bulgarie) 

24.10.1984 
- Materials selection for NET and the R&D programme 
DUPOUY J.M. (The NET team, Garching, F.R.Germany) 

30.10.1984 
- Neutron resonance parameters for "S 
CODDENS G. (Associatie UIA, SCK/CEN) 

31.10.1984 
- Les vecteurs de clonage chez Bacillus subtilis : augmentation dirigée de leur stabilité et de leur nombre de copies 
LEJEUNE P. (UCL, Service de génétique microbienne) 

07.11.1984 - Réunion de la Société Belge de Géologie 
Vergadering van de Belgische Vereniging voor Geologie 
- Géochronologie et applications pétrogénétiques de la chimie isotopique 
DEMAIFFE D. (ULB) 
- Activeringsanalyse toegepast op geologisch materiaal 
HERTOGEN J. (KUL) 
- Le dosage des radioéléments naturels U - Ra - Th - K20 par spectrométrie gamma sur chaîne de mesures automatisée. 
Les applications aux Sciences de la terre 
QUINIF Y., LAIR P., CHARLET J.M. (F.P.M.) 
- Thorium - uraan isotopisch onevenwicht in jonge vulkanieten 
VANLERBERGH* L., HERTOGEN J. (K.U.L.) 
- Radiogene en i; nte stabiele isotopen in sedimenten 
KEPPENS E. (Ü.I.A., IRAQ., V.U.B.) 
- Tracerproeven in de Noordzee 
MALHERBE B. (HAECON) 

28.11.1984 
- Effets des irradiations à haut et bas débit de dose sur les lymphocytes B du rat 
BAZIN H. (UCL, Faculté de Médecine) 
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29 11 1984 
- Surface properties of tin dioxide 
GILLES J.M. (Faculté Universitaire Notre Dame de la Paix, Namur) 

29.11.1984 
- Recent developments in microsensor technology 
MADOU M. (SRI Menlo Park. USA) 

04.12.1984 
- Safety aspects of controlled nuclear fusion 
KLIPPEL H.Th. (ECN. Petten) 

07.12.1984 
- Radiosensitivity of the mouse zygote fertilized in vitro and chromosome aberrations in the zygotes after HTO treatment 
YAMADA Takeshi (National Institute of Radiological Sciences. CHIBA-SHI 260. Japan) 

12.12.1984 
- Eiwit-glycosylatie inhibitoren : een nieuwe klasse invasieremmers 
MAREEL M. (Radiotherapie & Kerngeneeskunde, R.U.Gent) 



Appendix 5 

EXTERNAL RELATIONS 

As mentioned in the related chapters, many SCK CEN programmes or activities are carried out in an international framework 
or in close collaboration with external organizations. The most important examples are : 
- various irradiation experiments in BR3 on behalf of foreign fuel companies : 
- PVV'R pressure vessel studies on behalf of the utilities and in collaboration with American laboratories ard Cockerill ; 
- R&D for sodium-cooled fast reactors in the framework of the DeBeNe-SNR project, which is part of the )eBeNc France 
Italy U.K. collaboration on advanced reactor systems : 
- fuel development work in collaboration with Belgonucleaire ; 
- development of dispersion-strengthened ferritic steels in collaboration with CRM and Usines Emile Henricot : 
- fast reactor safety work, co-ordinated by various European working groups and in collaboration with JRC-Ispra. U.I ..Bruxelles, 
the von Karman Institute and KfK-Karlsruhe ; 
- R&D on the conditioning and déposai of radioactive waste in the framcork of contracts with the CEC and NIRAS 
ONDRAF ; 
- the Safeguards project in the framework of ESARDA and IAEA ; 
- R&D on technology for fusion reactors, co-ordinated in a European framework : 
- basic research on materials, neutron physics and radiobiology in collaboration with Belgian universities, international 
organizations or foreign institutes ; 
- contract work on pollution and waste handling on behalf of various governmental services : 
- development of fuel cells for Elenco N.V. and of electrolysis systems in collaboration with industry : 
- operation of the BR2-reactor in the framework of an agreement with KfK-Karlsruhe : 
- service work for conditioning and disposal of radioactive wastes from universities, nuclear industries, utilities, etc in the 
framework of an agreement with NIRAS ONDRAF ; 
- various services on behalf of industry, government agencies, international organizations and foreign companies. 

SCK CEN participated in the various working groups set up by national authorities and international organizations such as 
CEC. IAEA, WHO, IEA, NEA and EAES. 

SCK CEN hosted : 
- in April 1984. the sixth CEC progress meeting of working group no. 5 on testing and evaluation of solidified high level 
waste forms as well as the second CEC meeting on waste management and disposal : 
- in May 1984. the 'AEA specialist meeting on improved utilization of water reactor fuel with special emphasis on extended 
burn-up and plutonium recycling, the international seminar on electrical and magnetic separation and filtration technology 
organized hy the KVIV : 
- in June 1984, the second CEC meeting of experts for the preparation of the aerosol containment code comparison exercice : 
- in September 1984, the IAEA research co-ordination programme meeting on retention of iodine and other airborne 
radionuclides in nuclear facilities during abnormal and accident conditions ; 
- in October 1984. an international seminar on ceramics for the future, organized by SCK CEN and KLM.. 

In the scope of the agreement between Belgium, the Netherlands and the USSR, a delegation of SCK CF.N visited the USSR 
in March 1984 for discussing the research programme on the experimental modelling of the operating conditions of fusion 
reactor materials. 

On 12 December 1984, the agreement for technical and scientific co-operation between the Republic of Zaïre and the Belgian 
Government in the field of the peaceful utilization of nuclear energy was renewed for a period of two years. At the request 
of ABOS AGCD, SCK/CF.N is in charge for the technical execution of this agreement. 

In 1984 three staff members went to the CRF.N-Kinshasa for the annual maintenance of the TRIGA MARK II reactor and 
for the general electronic repair. 

Three staff members have been on an lATA technical assignment in Cameroon, Mali and the Philippines. 

Three staff members have given lectures at the national training course on microcomputers organized by the IAEA from 
November to December 1984 in Antananarivo, Madagascar. One staff member has given lectures at the IAEA interregional 
advanced training course on nuclear electronics, held in Vienna f om September till November 1984. 

During 1984, 375 students or qualified scientists (of which 91 foreign coming from 25 different countries) received further 
training at SCK CEN. 21 of them are currently working towards their doctors degree in Mol. 

Finally, in 1984, SCK CEN received more than 2.400 visitors. 
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Appendix 6 

PERSONNEL OFFICE 

The table gives a sur ey of personnel on 31 December, 1984. The figures between brackets represent the changes compared 
with 31 December. I9R3. The average age on December 31. 1984 was 45.18 years. 

CLASS 

Professional staff 394 (+24) 
Technical and administrative staff 944 (-5) 
Personnel on detachment 21 (-) 
TOTAL 1359 ( + 19) 

50 persons were recruited during the year. 31 persons left SCK CEN : 6 deaths from natural causes. 2 retirements and 23 
resignations. 

There were 25 internal transfers, of which 16 involved scientists or technicians anJ 9 administrative personnel: in 1983 these 
figures were 34. 29. 5, respectively. 

854 missions were organised to 33 different countries : this shows an increase of 251 compared with 1983. 
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Appendix 7 

FINANCE 

ACCOUNTS ON 31st DECEMBER 1983 in Belgian Francs (FB) 

INCOME 

A. ORDINARY INCOME 

Grants 

Financing of the institute 

Operating income 

Research 315,047,551 
Technical support 426,482,023 
Energy and services 82,202,235 
Miscellaneous 53,023,768 

Contribution from utilities for R&D 
on waste management 

B. EXTRAORDINARY INCOME 

Subsidy for capital expenditure 302,498,685 

TOTAL INCOME 

EXPENDITURE 

2,021,000,000 

876,755,577 

82,604,372 

3,282,858,634 

A. OPERATING EXPENDITURE 

1. Personnel 
2. Administration 
3. Materials, energy and services 

3.1. Materials and supplies 233,424,993 
3.2. Fissile materials and fuel cycle 

expenditure 70,302,454 
3.3. Energy 119,808,588 
3.4. Work entrusted to outside firms 186,576,483 
3.5. Provision for disposal of waste 44,584,671 

TOTAL OPERATING EXPENDITURE 

B. CAPITAL EXPENDITURE 

1. Equipment 
1.1. Ordinary equipment 
1.2. Particular equipment 

2. Infrastructure 
2.1. Ordinary infrastructure 

2.2. Particular infrastructure 

TOTAL CAPITAL EXPENDITURE 

TOTAL EXPENDITURE A + B 

153,733,625 
48,593,405 

9,093,663 
91,077,992 

2,251.891,148 
105,732,123 

654,697.189 
3,012,320,460 

302,498,685 

3,314,819,145 
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Appendix 8 

LIST OF ABBREVIATIONS 

ANS 
A SI. 
CBNM 
CEA 
CEC 
CNEN 
CREN 
CORAPRO 
DFR 
DOE 
DSM 
DWK 

EBR 
ECN 
ELENCO 
ENI 
ENS 
ERM KMS 
EL1.EP 
FFTF 
EN RS 
FRAMATOME 
GCFR 
GSB 
H EDI. 
IA 
IAEA 
ICW B CIPS 

IE A 
UKW IISN 

II I 
IP E 
KlA 
KfK 
Kil l . 
KVIV 
EASE 
LHMA 
I M A 
LMFBR 
LUC 
I.WR 
NBS 
NEA 
OECD 
ORNE 
ORR 
PER 
PWR 
RAPSODIE 
RFCVTEC 
RUCA 
SEMO 
SENA 

American Nuclear Society 
Analytical Sodium Loop. SCK CF.N 
Central Bureau tor Nuclear Measurements. EURATOM. Geel (Belgium) 
Commissariat à l'Energie Atomique (France) 
Commission of the European Communities 
Comitato Nazionale per 1'Energia Nucleare (Italy) 
Centre Régional d'Etudes Nucléaires de Kinshasa (Zaïre) 
Contrôle Rad'oprotection (Belgium) 
Dounreay las t Reactor (l'nited Kingdom) 
Department of Energy (USA) 
De Staatsmijnen (The Netherlands) 
Deutsche Gesellschaft für Wiederaufarbeitung von Kernbrennstoffen GmbH. Hannover (Federal Republic 

of Germany) 
Experimental Breeder Reactor. Idaho Falls (USA) 
Energie Centrum Nederland ( The Netherlands) 
Elektrochemische Energieconversie N.V.. Mol (Belgium) 
Electro-Navale & Industrielle. Aartselaar (Belgium) 
European Nuclear Society 
Ecole Royale Militaire Koninklijke Militaire School (Belgium) 
European Fate Effects Project Group 
Fast Flux Test Facility. Hanford (USA) 
Fonds National de la Recherche Scientifique (Belgium) 
Société Franco-Américaine de Constructions Atomiques (France) 
Gas Cooled Fast Reactor 
Gasgekühlte Schnelle Brutreaktoren 
Hanford Engineering anil Development I ahoratory (USA) 
Interatom (Internationale Atonireaktorbau GmbH) (Federal Republic of Germany) 
International Atomic Energy Agency. Vienna (Austria) 
Interministeriële Commissie vom Wetenschapsbeleid Commission Interministérielle pour la Politique 

Scientifique (Belgium) 
: International Energy Agency. Paris (France) 
: Interuniversitair Instituut voor Kernwetenschappen Institut Interuniversitaire des Sciences 
Brussel (Belgium) 

Institut Laue I.ange\in. Grenoble (France) 
Institut National des Radioelements. Fleurus (Belgium) 
Kernl'orschungsanlage. Jülich (Federal Republic of Germany) 
Kernforschtings/eiitruni Karlsruhe GmbH (Federal Republic of Germany) 
Katholieke Universiteit Leuven (Belgium) 
Koninklijke Vlaamse Ingenieursvereniging (Belgium) 
Los Alamos Scientific Laboratory (USA) 
Laboratory for High and Medium Activities (SCK CF.N) 
Laboratory for Medium Activities (SCK CEN) 
Liquid Metal Fast Breeder Reactor 
Limburgs Universitair Centrum. Diepenbeek (Belgium) 
Light Water Reactor 
National Bureau of Standards (USA) 
Nuclear Energy Agency. Pans (France) 
Organisation for Economic Cooperation and Development. Pari' (France) 
Oak Ridge National Laboratory (USA) 
Oak Ridge Research Reactor (USA) 
Prototype Fast Reactor. Dounrcay (United Kingdom) 
Pressurized Water Reactor 
Experimental Fast Reactor. Caclarache (I ranee) 
Recyclage Technologie. Brussel (Belgium) 
Rijksuniversitair Centrum Antwerpen (Belgium) 
Société Belgo-Fiançaise d'Energie Nucleaire Mosaiic 
Société d'Energie Nucléaire franco-Belge des Ardennes. Cbooz (France) 

. Nucléaires. 
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SERENA : Société Européenne pour la Promotion des Systèmes des réacteurs Rapides à Sodium (France) 
SNEAK : Schnelle Nullenergie-Anordnung. KfK, Karlsruhe (Federal Republic of Germany) 
SNR : Schnelle Natriumgekühlte Reaktor (sodium cooled fast reactor) 
TNO : Organisatie voor Toegepast Natuurwc*enschappetijk Onderzoek (The Netherlands) 
UCL : Université Catholique de Lou vain (Belgium) 
UKAEA : United Kingdom Atomic Energy Authority (LV.ited Kingdom) 
ULB : Université Libre de Bruxelles (Belgium) 
VUB . Vrije Univirsiteit Brussel (Belgium) 
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