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the Reactor Division groups the departments 

and services, 

i) that managa the operation or the post-

shutdown o.-ogramme of the SCK/CEN 

reactors : 

the BR2 Reactcr (BR2 high flux materials 

testing reactor) 

the BR3 power piwt (PWR type) definite

ly shut-down on 2 ).Q6.87 

the Reactor Physics department : BRI 

reactor and the zero power reactors, 

BR02 (BR2 critic» model) and VENUS 

(installation for critical tests on 

water reactor lattices) 

These different departments and services 

are directed by the following persons who are 

direct collaborators of the Head of '_he 

Reactor Division : 

BR2 Reactor 

BR3 Powar Plant 

Reactor Physics 

technology 

Testing and Commissioning 

High and Medium Activities 

Informatics 

F. Léonard 

P. Gubel 

J. Debrue 

G. Vanaassenhove 

J. De Clercq, 

acting 

A. Demi ldt 

F. De Greef 

ii) that assure the technical and scientific 

support for these reactors in the two 

following domains of specialisation : 

reactor physics, this is thi Reactor 

Physics Department already quoted, 

reactor theroohydraulics, this is the 

Technology Department which designs, 

realises and operates the experimental 

devices required for the testing under 

irradiation of fuels and various 

materials and for the production of 

radio-isotopes in the BR2 reactor 

iii)that furnish specialised support that 

may be schematically situated for the 

one up-stream and for the other down

stream of the in-pile experimentation : 

the first, the Testing and Commissioning 

Service, verifies the quality and the 

conformity to norms and codes for the 

materials and the equipment utilised for 

the operation of these reactors and for 

the experimentation therein 

the second, the High and Medium Activi

ties Laboratory Service, manages the 

whole of the means of observation and of 

analysis of fuels and materials irradia

ted in these reactors 

iv) that constitute the scientific, techni

cal and logistical basis in the domain 

of informatics; this is the Informatics 

Service which provides support to all of 

the SCK/CEN laboratories. 

The staff of these units on December 31, 

1987 was composed of tne following number of 

agents classified in the four categories : AO 

(university degree), Al (industrial engineer), 

A2 (specialised technician) and A3 

(technician). 

Unit 

BR2 Reactor 

BR3 Powjr Plant 

Reactor Physics 

Technology 

Testing and 

Commissioning 

High and Medium 

Activities 

Informatics Service 

AO 
13 

1 

11 

22 

1 

8 
7 

Al 
10 
6 

2 
6 

1 

5 
6 

A2 
67 

28 

14 
52 

2 

27 

12 

A3 Total 

11 
6 
-

4 

1 

3 
5 

101 

41 
27 

84 

6 

43 

30 

Total 64 36 202 30 332 

The Reactor Division (F. MOTTE), the 

Research Division (L. BAETSLE) and the General 

Technical Service* Division (R. VANHAELEWIJN) 

form together the "Resources Directorate" 

which is under the leadership of G. STIENN0N, 

Deputy General Manager. 

This progress report covers the activities 

during the six months from July 1 to 

December 31, J '. 
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ïhe activities './ill be reported by aach 

unit, department or service, in the follo

wing order : 

Ctepter I 

Chapter II 

Chapter III 

Chapter IV 

Chapter V 

Chapter VI 

Chapter V•I 

BRZ Reactor 

BR3 Power Plant 

Reactor Physics 

Technology 

Xesting and 

Commissioning 

High and Medium 

Activities 

Informatics 

page 8 

page 29 

page J<« 

page bi 

page 111 

page 1L3 

page 138 

The .entres of interest and the specia

lisation doreins of these Reactor Division 

units -it* sufficiently distinct as to avoid 

useles. repetitions; nevertheless the same 

subje'. - -nay be treated from different angles 

in r A ral chapters in so far as it is 

free. r~t that more than one unit brings its 

spc laiisec contribution to the same 

tec nical objective. 

During the reported period, the impor
ta decision of tlM definite shut-down of 
tt.« dV.3 Plant was taken on October 7, by our 
£~&rd of Directors: first coupled to the 
t'ectricity system on October iO, 1962 and 
-. : sccnr.ected for tl.e last time on June 30, 

'•87, the plant bas been operated during 

ipproximately 25 years. 

In the first years of operation, the BR3 
po<-er plant was used as a training school f.-r 
exploitation personnel but gradually -t 
charged into a test station for prototype, 
advanced PWR fuel. 

the demand for fuel irradiation from the 
various fuel manufacturers (Japan, ISA, 
Europe) irradiating their produces in BR3 
had no tendency to decrease in the recent 
past, the main reason for deciding to 
shut-down was the increasing difficulty ir 
obtairing renewal of the operating licence 
whir a expired on June 30, 1987; renewal 
inylieo a favourable technical advice from 
tr.e USNRC taken as technical expert in the 
analysis of the safety margin of the highly 
irradiate' reactor vessel, in the hypothesis 
of the occurrence of a PTS (Pressurised 
Thermal Shock) event on the vessel, in the 
process of an operation incident. 

Since January 1987, such a technical 
cdvice from the US'iRC had to be founded on 
the results of the application of .a newly 
puolished Regulatory Guide (Regulatory Guide 
1.154; Format and content of plant-specific 
pressurised thermal shock safety analysis 
reports for pressurised water reactors) 
which implies a deterministic but also a 
probabilistic approach of the here above 
mentioned technical situation. 
Tt resulted from discussions with the USNRC, 
f-Jia. the very first application of this new 
P.egolatory Guide tc> the 8R3 Plant would 
r.;si;lt in a very ltngthy and costly process 
which was judged to 'uu nc longer justified. 
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H^tfiljghts for the period 01.07.87 - 31.12.87 

A first quick approach to this progress report can be aade by reading this short summary 

in which the aost outstanding activities are outlined. 

™ »» H"*"1" Micro» games 

During the period from July to December 

1987, the BR2 reactor and its associated 

facilities were operated according to their 

detailed programmes without any major diffi

culty, in particular concerning fissior. 

products release and leakages at the priaary 

heat exchangers. 

The BR2 reactor is still operated according 

to a nominal U week's cycle, but with a 

power period of 2 weeks instead of 3 and a 

shut-down period of 2 weeks instead of 1, 

the experimental loading structure not 

having been modi'ied. 

During the cycle 12/87, a new 200 m 

beryllium plug was loaded into channel HI. 

With this new beryllium plug, the number of 

irradiation positions available for standard 

irradiation basket (diameter 33,3 mm) is 

increased from 3 with the standard plug, up 

to (6+1) with the new plug. 

According to the observations done during 

the cycle 12/87 and 13/87, the irradiation 

capacity of the channel HI may be considered 

as increased at least by a factor 2. 

The inspection and maintenance works did not 

give occasion for special remarks. 

TUK M O FOM» PLAT 

Following plant shut-down on June 30, 

the plant was put in standby during three 

months awaiting a possible prolongation of 

the operation licence. 

At the beginning of October, a decision1 of 

the Beard of Directors to decommission the 

plant prompted the start of the defueliing 

activities. 

After the unloading of the core M)2, dis

mantling works on experimental fuel atsseat-

blies started and the first steps to de-

connission the plant were undertaken. 

Re-analysis of the criticallty safety 

aspects at different stages of the operations 

on the spent fuel (handling, storage, re

processing) appears necessary by reason of tha 

increase of the initial enrichment of the fuel 

loaded in PWR's in relation to a higher burn-

up limit and a longer r*sidenr« tine in the 

reactor. Associated specific measurements, 

such as experimental burn-up verification of 

the spent PWR fuel assemblies, and associated 

calculations were further .-wvelojed. 

Non-destructiva ««affiliation of fuel rods 

tested in bRZ aid/or fcSC has been pursued in 

the framework of «Ttricus programmes, using the 

gamma spectrsoetrjr technique. Some work was 

devoted to measuring in a ncn-destructive way, 

the activity of the crud deposited on fuel 

rods irradiated in BR3, Crud deposits could be 

the origin of fuel rod defects. 

Furthermore, the crud activity could be a 

monitor of the corrosion-erosion in the 

primary circuit. 

C 

The improvement of calculation methods 

<t£td in the analysis of the neutron induced 

embrittlemen*. of pressure vessel steels is the 

objective of measurements performed in the 

VE.'/S critical facility. The studied reactor 

configuration represents PWR core peripheral 

fuel assemblies, core baffle, core barrel and 

neutron pad. VENUS-2, the second phase of the 

rjeasurement programme, represents a PWR Tow 

l*ak?4e core. The experimental VENUS-2 pro

gress», initially planned, has been extended 

in order to understand the inconsistencies 

between the calculation/experiment ratio's 

obtained fcr the VENUS-1 and VENUS-2 configu

rations. 

In the framework of the BR3 post-operation 

programme, close contacts with representatives 



of various US-groups have shown that this 

programme is a unique opportunity for a 

aultilaboratory cooperative effort in 

•aterials sampling and testing, encompassing 

weld, plate, cladding and the neutron shield 

tank. 

In connection with the fast reactor 

irradiation programme in BR2, the main 

activities concerned the preparation of the 

PIRAMID-2 experiment vith associated trans

mission experiments at the BRI reactor for 

characterisation of the bed-filling proce

dure; the design study for a device allowing 

to test pre-irradiated pins in accidental 

conditions with fuel melting; preparation of 

the source term measurements during the NOL 

7C-6 Na-f low blockage experiment .. ' the 

non-destructive examinations by gamma 

spectrometry of fuel pins irradiated in the 

framework of the FARFADET programme. 

For the LWR reactors, an important 

effort is being made to improve the irradi

ation facilities and possibilities in the 

BR2 reactor, to cope as ouch as possible 

with the shut-down of BR3. New capsules with 

improved instrumentation are being designed, 

while a conceptual design of a pressurised 

water loop for the irradiation of maxiimm 3 

in-pile sections each with a 9-pin bundl;, 

has been completed. 

The four irradiation campaigns FARFADET 

for the LMFBR reactors have been executed : 

these experiments investigate the fuel pin 

behaviour in the early irradiation in a 

reactor. The construction of the sodium loop 

MOL 7C/6 has been completed. Simultaneously 

the fuel pins for this experiment have been 

qualified in the BR2 hot cells. 

In the PAHR programme, the irradiated 

in-pile test loop PIFAMID 1 was dismantled. 

The equipment to condition the debris bed 

foi post-irradiation examination has been 

prepared and tested. PIRAHIO 2 has been 

delayed to redefine the debris bed charac

teristics. 

In the scope of the fusion reactor 

technology, an important step was made by 

converting the loop from lithium to a 

lithium-lead alloy. Arjut 1000 kg of Pb-17 

Li have been loaded into the MALICE loop., 

probably the largest quantity in a testloop 

in the world. The development of sensors to 

determine lithium in the alloy lithium-lead 

has been successfully achieved : qualification 

tests on more sensors must now be performed. 

In the non-nuclear domain, the semi-

industrial unit for hydrogen production basea 

on water electrolysis, was delivered to a 

customer. Important enough to be mentioned is 
2 

the installation and operation of 50m solar 

collectors on a sports hall to supply heat for 

a swimming pool and sanitary water. 

IRSIIW» A t OOMOflglOMUB 

Four instrumented rigs for fissile 

material irradiation, one non-instrumented rig 

for material irradiation, 148 iridi'jm and 

various isotope capsules and 305 fissile 

material capsules went through the testing and 

commissioning procedure in preparation for 

their loading into the BR2 reactor. 

Manufacturing controls have been pursued 

on the PAHR PIRAMID II and III, MOL 7C/6, MOL 

7C/7, FAFUMA III and MASTERS in-pile sections 

and out-of-pile instrumentation; controls have 

been started on the PRF irradiation device 

(Xe-133 and Mo-99 production). 

LHMA has carried out an important amount 

of post-irradiation examinations upon 

industrial fuel for the fuel producing 

companies Ad vane', '. Nuclear Fuel International 

Inc. and Westinghouse International. Many 

vessel steel samples have been examined in the 

framework of the pressurised vessel steel 

surveillance programme upon request of the 

Belgian power stations (Doel and Tihange). 

A particular programme for the recon-
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stitution of broken and irradiated Charpy-V 

iapact speciaens has been further developed. 

More fundicntnlly oriented research for 

the theraal power reactor technology has 

been realised for the Tribulation, Pris» and 

HBC prograaaes and upon the BR3 assembly 

B310RR. 

Research efforts have also been directed 

towards the fast reactor prograaaes 

Prophète, Farfadet, Oasis and Oimrlnigne. 

The fatigue tests upon neutron irradiated 

pre-cracked steel saaples have been further 

refined in the fraaework of Fafuaa. 

LIMA has experimented villi a special 

developed saw in order to be able to prepare 

laboratory saaples of the irradiated PAHR 

capsule. It is the purpose to subait these 

saaples to aetallograpbic and ceraaographic 

exaainations. 

The last fractions of the enriched 

uraniua froa IRE have been purified and 

analysed. 

The construction for the Heraes hot 

cells, the high-vacuum high-teaperature 

furnace, the decontamination facility, the 

transfer hot cell and the storage facility 

at the BRI reactor have been continued 

further. 

The activities of LHMA are still 

hampered by insufficient waste evacuation 

capacity, essentially for carrying off the 

waste from hot cell n°.10 which has to be 

completely dismantled. 

DffMMaTICS 

Efforts becaae aore and sore polarised 

towards the integration in the computer 

network systea of a full information systea 

allowing the follow-up of projects and 

automating supporting activities and 

services. 

Although scientific computation still 

occupies the mainframe computer for the 

largest part, rather managerial problems and 

applications aiaing at a aore efficient 

operation of the organisation became the 

order. 

As a consequence, many versatile hard

ware systeas and software packages have been 

installed and improved on the mainframe 

computer and on personal computers as well. 

Laboratories and offices had to be automated 

for full integration into the information 

flow. 

At the end of i.987 however efforts 

resulted in an unacceptable overflow situation 

of the mainframe computer. Upgrading the 

system bee'me mandatory. 

Research activities were pursued in the 

matter of expert systeas with a view of 

implementing them into ongoing projects in the 

organisation. 



CHAPTER I 

THE BR2 REACTOR 

F. LÉONARD 
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i. OTHODcnca. 

This report covers nominally the period 

July - December 1987 or more exactly the 

period fro» 11.07.87 (begin of cycle 08/87) 

till 16.12.87 (end of cycle :3/87). 

During this period, the BR2 reactor was 

operated according to a nominal <• weeks 

cycle, with 2 weeks shutdown and 2 weeks 

power operation. 

No major problem was encountered with 

the operation of the BR2 reactor and its 

associated facilities. 

2. IB nacra OHRAIHB. 

2.1.THE NOMINAL OPERATION «CLE. 

During the 2nd semester of 1987, the 

nominal 4 weeks cycle (2 weeks shutdown and 

2 weeks power operation) was maintained, 

with the various adaptations which were 

necessary to take into account the specifi

cations of the experimental loading. 

For the year 1988, according to the 

specifications of the radioisotopes produc

tion and of the foreseen safety experiments, 

the nominal U weeks cycle is maintained 

instead of the 5 weeks cycle which was 

announced in the preceding semestral 

report. 

2.2.OPERATION HISTORY. 

a. The power history is given in fig. 1 and 

the main characteristics of the cycles 

08/87 up to 13/87 are given in table 1. 

b. For all the cycles but the part B of 

two, the configuration 10-N (fig. 2) was 

adopted with a reference power (NR) of 

51 to 54 MW ; actually the reactor was 

operated at a maximum power chosen 

between 63.8 and 72.8 MW according to 

the requirements of the experimental 

loading. 

c. For the part B of the cycles 10/87 and 

12/87, the configuration 10P (fig. 3) was 

used as during the part A or the cycle 

<»/86. 

This configuration 10P was chosen to get 

as much as possible the same irradiation 

conditions for the ** irradiation devices 

FARFADET 3 to 6 as for the 2 preceding 

ones, FARFADET 1 and 2, which were 

irradiated during the cycle 4/86A. (see S 

2.3) 

d. Besides the modification of the reactor 

loading and various ms intenar.ce works 

done routinely during each normal reactor 

shutdown period, the normal 2 weeks 

shutdown periods were mainly used for the 

following operations in the correspondit-:, 

cycles : 

08/87A: This .shutdown neriod was only of one 

week, the power operation period of 

the cycle 07/87A having been shifted 

by one week for radioisotopes produc

tion reasons so that the cycle 08/87 

duration was only 3 weeks instead of 

4. 

Nevertheless, a leak through a part 

of the flexible joint associated with 

the transfer chute device was 

repaired. 

09/87A: - Inspection of : 

. the large rubber joints 

("ENGLEBERT" joints) located in the 

eastern part of the reactor pool, 

special 1* the one which was 

repaired during the shutdown period 

07/87A. 

. the flexible joint associated with 

the transfer chute device, re

paired during the shutdown period 

08/87A. 

- Begin of the installation of a 

position indicator on the float 

trap FT-4-401, safety equipment for 

the primary circuit. 

10/67A: - End of the installation of : 

. the piping and valves system 

collecting the gases released 

duri-.g an incidental opening of the 

primary piping located in the 

eastern part of the reactor pool. 
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Table 1 : Main chareicteristi.es of the cycles. 

n\/r\ rrc a 
A 

9 

A 

40 

A 3 

44 

A 

<*Z 

A 8 

43 

A 

1 OPERATIONAL TREND 

* 

» * 

BeQin.iina of t h e cycle 
Total length of the c y c l e ( day s J 
Number of days from the beginning of the year 
Time at nominal power (. days ) cycle 

total ( i) 
Low power running 
Routine shut - d o w n s 

Unscheduled s h u t - downs 

Operating c o e f f i c i e n t 7« ) (2 ) 

number 
total length 

eye Le 
averaged ) 

•*t. of. aj 

IS a 
J13. X 

13 1 

yf-10 <S 

ji.11 

433 £ ¥1 ' 

-
_ 

f> 
to 

JSof êf 

tt-f 
iSI 1 

/y ^ 
itv / 
jiv»' 

j it Ass' 

JM 

>i ->i ' 

5-1 

So 

Ji 09 »J 

J 

IS 

13 9 
Ut t 
tÂ30' 

J soi «S 

-

S3 
t 0 

jijo' 

MS i 'S 

-
VI 

19 

01 10 tj 
21 S 

JOS i 

fS2 Y 
t-Cio7 

J08-&*'-' 

— : 

S3 

1» 

13.10.0} 

J3 7 
JVi I 

13 9 

fit j 
!-k IS' 

3toiiC' 

Z 

0 1 

Hi S 

ttiio' 
rvv4 so ' 

-
-

¥1 

V9 

it 11 IJ 
jo. S 

j(t. ; 

'if 

ISO. 2 

i-*S3' 
Xoi oi' 

-
-

<? 
SO 

2 POWER 

Mean rated power(MW) 
Integrated power (MWd) c y c l e 

total f A ) 

if.' 

sart 
f US 3 

ast 3 
suv v 

tn.t 
Soi 8 

jol* i 

as 
f» e 

Jo St. 1 

f4 0 

S10 2 
1000i.ll 

tS o 

SiO S 

tot St.9 

il » 

IS.t 

10 9ft 3 

i d 

SiSS 

n as a J 

3 FUEL ELEMENTS 

Core configuration 
Total number of e l e m e n t s ( 3 ) 
Total number of fresh e lements 

"Cermet" 
Total number of fresh e l e m e n t s 

" A l l o y 

c y c l e 
^ l ö t a i O X«0 

cyc le 
totale i ) 

U 135 at the beginning of the cycle (gr ) 
U235 c o n s u m e d ( g r ; 

Specific consumption 
fresh elements/ la* MW d ( 3 ) 

cycle 
total ( i ) 

cyc le 
a v e r a g e d ) 

JoN 

JO 

i 

* J 
_ 
+ 

am s 
ton.i 

S*S1 S 
1.4 

i S 

lorJ 

JO 

S 

*0 

-
<• 

Soto/ 
loff 1 

3ft» i. 

Si 

t.l 

toN 

JO 

S 

SI 

-
* 

C*S( S 
/ogi t 

103132, 

-tor* 

Jl 

-
S3 

-
* 

f93i I 

S3 i 
lo loi l 

S 4 
I i 

re* 

JO 

S 
St 

-
V 

Ivfi i 
to31 i 

•flft» a 

S S 

é * 

1oht 

JO 

S 

a 
-
V 

SVSt i 
•1133 3 

1313) 3 

loP 

•i 

-
i t 

-
¥ 

fas* 7 
ft ¥ 

HISS S 

S t 

S i 

/O/i 

Jo 

1 

f 
-
« 

if av. t 
141a. 1 

1*. IU o 

S i 

i i 

Remarks : 

(1) From the beginning of the year. (a) RS on scram tests L2. 

(2) Ratio (time at nominal power)/(total length of the cycle). 

V3) In standard 85 mm channels. 

* - norma,, cycle : time with Pi 80 % N„ 

- special campaign : P à N, (1 X NR) 

** Low power running : P < 80 % NR during normal cycle. 

(it) "Cermet" with 400 g or 330 g U5 - (see § 2.5.2) 

http://chareicteristi.es
http://1000i.ll
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Figure 2 : BR2 CONFIGURATION 10N 

Control rod Fuel element Beryllium 
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Fioure 3 : BR2 CONFIGURATION 10 P 

Control rod Fuel element Peryllii 
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. the position indicator on the 

float trap FT-4-401. 

11/87/ : The surveillance week of tl s cycle 

was shifted to the cycle 10/87 to 

get the possibility to irradiate the 

irradiation devices FARFADET 3 and k 

during the part B of the cycle 

10/87. 

12/87A: The reactor was operated at low 

power to execute thi measurement 

program associated with the loading 

in the 200 on HI channel of a new 

beryllium plug with (6 + 1) irradi

ation positions instead of the old 

one with 3 irradiations positions. 

(see § 5.5). 

13/87A: The surveillance week of this cycle 

was shifted to the cycle 12/87 to 

get the possibility during the part 

B of the cycle 12/87 . 

. to end the measurement program 

associated to the loading of the 

new 200 mm beryllium plug in the 

200 mm HI channel. 

. to irradiate the irradiation 

devices FARFADET 5 and 6. 

2.3.SPECIAL IRRADIATION CAMPAIGN. 

During the reported period, no power 

transient was executed and the 2 special 

irradiation campaigns were executed during 

the part B of the cycles 10/87 and 12/87 to 

irradiate the 4 remaining experiments (FArt-

FADET 3 to 6) of the 6 experiments of the 

FARFADET program. 

The aim of the FARFADET program is to 

study parametrically the behaviour of U0. -

PuO. fuel pin at the beginning of its life 

in a fast neutron power reactor. 

The first two experiments (FARFADET 1 

and 2) of this program were irradiated in 

cycle 4/86A during 15,k days at a wanted 

maximum linear power of (500 + 25) W/cm, 

respectively in the channels F46 and F314. 

The k remaining experiments FARFADET 3 

to 6 were loaded by groups of 2 (3,4 and 

5,6) in the channels F46 and F314 and 

irradiated during 2k hours (FARFADET 3 and 

U) in cycle 10/87B and during 2 hours 

(FARFADET 5 and 6) in cycl-î 12/87B, the 

wanted maximum linear power being (525 +25) 

W/cm. 

The irradiation procedure used for these 

2 cycles was defined after the evaluation of 

the post-irradiation examination results 

obtained with FARFADET 1 and 2. 

The 2 groups of irradiation devices were 

irradiated in 2 cycles with a cycle between 

the two, to have the possibility to get a 

gamma spectrometry measurement at least for 

one device in each group of 2 as soon as 

possible after the end of the irradiation. 

According to the first evaluation of the 

observations done, the various specifications 

were fulfilled without any difficulties. 

2.k.REACTOR LOADING MANAGEMENT 

The table 2 gives for the various reactor 

loadings a comparison between the measured 

values and the calculated ones for its 

reactivity and its produced energy. 

For the reactivity, the agreement between 

measured and calculated values is rather 

satisfying, the disagreement being always 

explained. Nevertheless, these observations 

ask for a very strict application of the 

various procedures to confirm a new reactor 

loading or a modified xenon poisoned reactor 

loading. 

For the produced energy, the rather large 

discrepancies between measured and calculated 

values previously (first semester 1987) 

observed are reduced due to a modification of 

the calculation procedure, so that the goal 

(minimum fuel loading) seems to be maintained 

with the 1987 reactor operation program. 

2.5.OPERATION COEFFICIENTS 

2.5.1. Operation time. 

For the year 1987, the average operation 

coefficient is equal to 0.50, and so, to the 

nominal operation coefficient equal to 0.50 

for the nominal operation cycle. 
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2.5.2. Fuel element consumption. neutron beans utilisation. 

For the year 1987, the energy specific 

consumption is 6.3 fresh elements per 1000 

MWd and the time specific consumption is 4.1 

fresh elements per 10 operation days. 

For the year 1986 (1985), these coeffi

cients were respectively 6.2 (5.4) and 3.9 

(3.6). 

During the year 1987, the fresh fuel 

element inventory associated with the BRP2 

reactor operation was reduced and as much as 

possible fresh fuel elements of alloy type, 

cermet 330 g U5 and cermet 400 g U5 coming 

from this inventory reduct:.n were loaded in 

the BR2 reactor. 

to evaluate the specific consumption in 

term of standard fuel element cermet 400 g 

15 Vin type, the following equivalence 

factor, based on the U5 weight consumption 

possible with the various type of fuel 

elements, is used : 

. 1 fuel element VIn with 400 g U5, mean 

burn up at the end of life equal to 54 % 

is equivalent, 

. to 1.36 fuel element VIn with 330 g U5, 

mean burn up at the end of life equal to 

48 %, 

. or to 3 fuel elements alloy Vn type with 

220 g U5, mean burn up at the end of life 

equal to 30 %. 

According to these equivalence factors, 

the total number of fresh cuel element 

cermet 400 g U5 VIn type consumed during the 

year 1987 is 73.64 and the specific consump

tions mentioned above are calculated with 

this value. 

3. IBB KXFSOMBrrAL LOADING. 

The experimental loading was mainly 

devoted to : 

- irradiation of devices for material-tes

ting; 

- radioisotopes production; 

- gamma-irradiations; 

The main features of this loading are 

detailed hereafter. Table 3 summarises the 

BR2 irradiation position occupation and the 

time distribution of the various irradiated 

devices during the reviewed period. 

a. The following reactor irradiated devices: 

- began and ended its irradiation : 

* FARFADET 3 (R 5113) for the SCK/CEN - BN 

Association. 

* FARFADET 4 (R 5114) for the SCK/CEN - BN 

Association. 

* FARFADET 5 (R 5115) for the SCK/CEN - BN 

Association. 

* FAPFADET 6 (R 5116) for the SCK/CEN - BN 

Association. 

b. The distribution of the various sources 

or capsules irradiated for the IRE -

CEN/SCK association using the standard 

irradiation devices is given in the table 

4. 

c. Gamma irradiations in the RITA device 

have been performed on : 

Polypropylene samples to detect colour 

changes during sterilisation (K 7569) for 

the firm NESTE POLYPROPYLENE. 

Interstitial clay water, glasses and 

metals from Metallurgy department for the 

C.I.C.-program (D 6357) : tadiolysis, 

gases analysis and corrosion tests. 

d. Gamma irradiations in the CMF pool have 

been performed on : 

Nylon samples under acetylene (R 7680) 

for the firm D.S.N.: cross-linking. 

Polyethylene terephtalate (PET) samples 

(K 1402) for the SCK/CEM Physics 

Department. 

e. The neutron beams were utilised by 

different SCK/CEN researchers in colla

boration with Belgian universities and 

foreign specialists (see also the MOL 

Research Division Semestral Reports). 
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k. aar (sus onuaxov. s. THE asPBcnoB AH> IMBUZHAIRX w n s . 

The occupation of the Hot Cells facili

ties was distributed as follows : 

1. German experiments (with CM, SCK) 

U3 days 'JU,U X 

2. Belgian experiments 2 i 1,6 % 

3. Common Programs SCK/CEN - sK 

5 .J i* % 

U. Isotopes Conditioning \innirly Co 60} 

18 d li*,it % 

5. Third users 5 <J ^ * 

6. European comn./SCK-CZN programs 

2H 'i 1<»,2 % 

7. Fusion development program 

5 d i* % 

8. Maintenance works Hi 12 % 

9. Own tasks BR2 ». i o,4 % 

Witii the modified structure of the 

reactor operation cycle, the inspection and 

special maintenance works are distributed 

among the various shutdown periods according 

to the foreseen surveillance program, the 

reactor operation of short duration and the 

special maintenance works to do. The points 

worth to be mentioned are given in the 

following paragraphs. 

5.1.SURVEILLANCE PROGRAM. 

No inspection of the beryllium matrix was 

done during the period reported here. The 

second test of the tightness of the contain

ment building foreseen in 1987 was done 

during the first days of the shutdown period 

01/88, which started 16.12.87. 

TOTAL 25 weeks or l?.i S 100,0 % 

During tiiis semester, the main opera

tions were : 

The cleaning and selection from 211 KNK 

II rods of the 40 rods devoted for the 

MOL 7C/6 experiment. These rods have 

been prepared and qualified by controls, 

measurements and adjustment to answer to 

experimental specifications. 

Preparation of the Cobalt 60 to be send 

to Hungary. 

Preparation of the Cobalt to be send to 

General Electric (USA) and measurement 

of Co capsule of lower activity. 

Dismantling of the PAHR Piramid 1 

irradiation rig and the recovery of the 

crucible containing the bed of UO, 

particles followed by the discarding to 

the Waste Disposal of the contaminated 

pieces. 

These works were performed without heavy 

contamination except for the Co campaign 

which was followed by normal decontamination 

operation. 

At the end of cycle 13/87 (16.12.87), the 

maximum fast neutron fluence (E > 1 Nev) 

obtained in the beryllium matrix is 

3,6.1022n/cm3 in the channel A270 ; the 

safety authorised limit for this fluence is 

6,4.1022n/cm*. 

During the tightness test of shutdown 

01/88, no leak was observed and as the 

duration of the isolation of the reactor 

building could give significant values 

measured during k6 h, the leak rate can be 

obtained as equal to (0 + 0,5) 10* 3d" * for a 

differential pressure 300 rabar ; the safety 

authorised limit for this leak rate is 

2,5.10"3d"1. 

With the 2 weeks shutdown period, each 

tightness test can be planned long enough so 

that the leak rate of the reactor building is 

measured two times a year. 

5.2.PRIMARY HEAT EXCHANGER TIGHTNESS. 

During the reported period, no leak 

appears in the North and South primary heat 

exchanger. In the Central primary heat 

exchanger, the process inducing leakage in 

tubes of the same region is still active so 

that 7 tubes had to be plugged according to 

the standard procedure, giving a total number 

file:///innirly
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of plugged tubes equal to 90, for a total 

number of tubes in the heat exchanger equal 

to 1210. 

The nature of the process inducing 

leakage in the tubes of the Central heat 

exchanger is not known but it can be 

characterised by the 2 following 

observations : 

all the leaking tubes are located in the 

sane reg.on (upper half part) of the 

West tubular plate (secondary inlet 

side, primary outlet side), 

the tine rate of the leaking tubes 

production is quite stable since mid 

1984 and equal to about 25 tubes per 

year. 

Up to now, the consequences of this 

defect are still admissible for the normal 

operation of the BR2 reactor. 

5.3.FISSION PRODUCTS RELEASE. 

During the reported period, one fuel 

elenent was found releasing fission 

products, its mean burn-up was S3 %. 

This fission product release did not 

give a reason for a non scheduled shutdown 

of the reactor. 

5.4.3He POISONING OF THE BERYLLIUM MATRIX. 

During the shutdown period 13/87A, the 
3He poisoning of the beryllium matrix was 

measured according to the standard 

procedure. 

This 3He poisoning of the beryllium 

matrix is function of the neutron fluence 

received by this matrix. 

According to the observations done on 

the first beryllium matrix, this function 

can be represented by a relation between the 

'He poisoning time rate ^ £ ^ (i-d'1) 

and the total energy produced E (MWd) with 

the matrix. 

Taking into account the various measure

ments of the 3He poisoning done with the 

second béryllium matrix, one obtains the 

following relation : 

dPH**)—=0,45.10"* + '8,15 + 0,36 ). 10 "7.E 

(1) 

At the end of the cycle 12/87, the energy 

produced with the second beryllium matrix is 

E = 103.565 MWd so that the relation (1) 

gives : 

dPffi^ = (8,89 + 0,37). 10"» ($.d_1) 

The comparison of the observations done 

with the first beryllium matrix and with the 

second one indicates that these relations for 

each of the two beryllium matrices are also 

quite compatible. 

The evaluation of the future 3He poison

ing measurements has to see if the loading of 

the new 200 mm beryllium plug in the HI 

channel has an influence on this relation 

(1). 

5.5.NEW 200 mo BERYLLIUM PLUG IN HI CHANNEL. 

According to the increasing demand of 

radioisotopes, mainly 1 9 ZIr with high 

specific activity, it was decided to increase 

the number of irradiation positions in the Hi 

channel. In this channel, a new 200 m 

beryllium plug with (6 + 1) irradiation 

positions available for standard irradiation 

baskets (diameter 33.3 mm) will replace the 

standard 200 mm beryllium plug with 3 

irradiation positions f o1" the same baskets. 

Fig. 4 gives the cross-sections of these 

200 mm beryllium plugs. 

Fig. 5 gives the calculated thermal 

neutron flux in the HI channel with various 

loadings in this channel with these 200 mm 

beryllium plugs. From this figure, it can be 

seen that the relative thermal neutron flux 

(1.34) with 6 Ir baskets in the new plug is 

not very different from the one (1.46) with 3 

Ir baskets in the standard plug. 

During the cycle 12/87, was executed a 

detailed measurement program (reactivity 



FIG. 4 CROSS SECTION OF 200 MM BERYLLIUM PLUG 

A. STANDARD PLUG 

( 3 irradiation positions ) 

- B . NEW PLUG -

U 6*1 I irradiation positions \ 
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effect, neutron flux) with a 84,2 mm 

beryllium plug or a standard fuel element 

loaded in the central irradiation position. 

According to the first evaluation of the 

observations done, the routine loading o* 

the new 200 mm beryllium plug with a 84,2 mm 

beryllium plug in the central position was 

approved from the cycle 12/87 on. 

To get approval for the loading of a 

standard fuel element in this central 

position, a more detailed evaluation has to 

be done. 

According to the 1 9 2Ir activity obtained 

during the cycle 12/87 and 13/87, the 

performances of the new 200 mm beryllium 

plug are quite satisfactory. 

6. HISCHLAHDOS. 

Operation of the BR2 complex is super

vised by : 
it it 

F. Leonard , C. Joly, H. Lenders , 

P. Palenberg , J. A.-chambeau , 

A. Beeckmans, W. Boeykens, G. Bossi, 
ft 

J.N. Corbisier, P. Deckx, N. Dehu , 
J. Dierckx, E. Koonen, C. Lambiet, 

ft 
H. Massage , M. Mois, L. Mori ion, N. Noël, 
B. Ponsard, J. Schutyser, V. Stevens, 

it 

J. Steylenans , V. Stulens, M. Van Lcven, 

J. Vermunt, F. Verwiaip. 

Table 5 sumnariies the investments made 

operational. 

Table 6 gives an overview of missions by 

BR2 representatives. 

retired during this semester. 



TABLE 5 : INVESTMENTS MADE OPERATIONAL 01.07.87 - 31.12.87. 

1 

2 

NAME 

W + W6 Channel recorder 

ZENITH Personal Computer 

DESCRIPTION 

Operational in workshop nuclear instrumentation, 

to be installed in reactor control room for 

recording of various important values of the nu

clear control channels. 

Used by : 

- Section "Exploitation" with spectrometer Can

berra. 

- Section "Experiments", drawing office using 

the AUTOCAD software. 

PRICE 

kBF. 

281 

300 

UTILISATION 

TIME % 

SO 

90 



TABLE 6 : PARTICIPATION AT SYMPOSIA, MEETINGS, WORKING GROUPS 

DATE 

03.08.87 

03.09.87 

08.09.87 

09.09.87 

X5.09.87 

- 14.08.87 

(avant-midi) 

- 09.09.87 

- 10.09.87 

- 16.09.87 

PLACE 

C.E.N.-GRENOBLE 

(France) 

v.K.I.-BRUXELLES 

C.C.R.-ISPRA (Italy) 

C.E.N.-GRENOBLE (France) 

CEA-SACLAV (Paris) 

OBJECT 

Preparation des examens P.I. de 

CELIA 1. 

Assemblage Creuset P.I. 3. 

MFCI-Piramid 3. 

Travaux en cours sur le programme 

PAHR. 

Interprétation des résultats de 

PIRAMID 1. 

Préparation réunion des 8-9 sept.'87 

à ISPRA. 

PAHR-Expert Group Meeting requested by 

C.G.C.S and were designed as experts by 

Mr. J. Planquart. 

Expert Meeting requested by C.G.C.5 

on PAHR-in-PILE. 

Invitation de M. GRAFF après sa visite 

du 29.06.87. 

Visite au réacteur OSIRIS. 

PARTICIPANTS 

C. JO'.Y 

H. WILMSEN 

C. JOL'' 

C. JOLY 

G. VANMASSENHOVE 

F. LEONARD 



TABLE 6 : PARTICIPATION AT SYMPOSIA, HEETINGS, WORKING GROUPS (continued) 

DATE 

18.09.87 

«.,.09.87 

09.10.87 

14.10.87 

15.10.87 

19.10.87 - 23.10.87 

PLACE 

Hôtel Président 

(BRUXELLES) 

Heizel (BRUSSEL) 

Belgo-Nucléaire 

(BRUXELLES) 

Hotel Servir 

(ST. NIKLAAS) 

ANTWERPEN 

GRENOBLE (France) 

OBJECT 

Discussions avec Mr. H. HOLTBECKER 

(Dir. CCR-ISPRA) sur les programmes 

d'irradiation du CCR-ISPRA et leur 

influence sur le futur du BR2. 

Vakbeurs voor bureautica, infor

matica, telecommunicatie. 

Présentation à une délégation ja

ponaise des possibilités de BR2 

pour l'exécution de transitoires 

de puissance dans le cadre du pro

gramme DOMO (Belgonucléaire) -

First Committee Heeting. 

Studiedag over isolatie en schakel

technieken in laag- en midden spanning. 

Benelux ROBOT & AUTOMATION 

(13.10.87 - 16.10.87). 

I.A.E.A. : "International Symposium 

on the Utilisation of Multipurpose 

Research Reactors and related Inter

national Cooperation. 

PARTICIPANTS 

C. JOLY 

J. DIERCKX 

E. KOONEN 

V. STULENS 

X. LASKA 

J. SCHUTÏSER 

F. LEONARD 



TABLE 6 : PARTICIPATION AT SYMPOSIA, MEETINGS, WORKING GROUPS (continued) 

DATE 

22.10.87 

28.10.87 

17.11.87 - 20.11.87 

23.11.87 - 25.11.87 

PLACE 

von Kanaan Instituut 

(BRUSSEL) 

Sofitel (DIEGEM) 

I.A.E.A. - WIEN 

(Austria) 

CCR-ISPRA (Italy) 

CEN-GRENOBLE (France) 

OBJECT 

Besprekingen met v.K.I. en CENG 

(MM. Tournebize, Germain) over 

resultaten van Ml en Gl. 

Seninarie betreffende de aspekten 

v/d regeltechniek, voorstelling v/d 

P.I.D., Process Kontrole Kaart met 

de PLC's April - Merlin Gerin. 

Réunion du Comité Technique sur les 

questions de sûreté liées aux acci

dents provoqués par un transitoire 

de réactivité. 

Discussions avec MM. HOLTBECK&R et 

0. SIM0N1 sur PIRAMID U et discus

sions sur le program» en cours. 

Discussions avec MM. BRENET et 

WALES - Creuset PIRAMID 3. 

Discussions avec M. BERTHOUD -

Calculs MFCI pour PIRAMID 2-3. 

Discussions avec M. TOURNEBIZE -

CELIA 1. 

PARTICIPANTS 

C. JOLÏ 

V. STULENS 

J. SCHUTYSER 

J. STEVENS 

R. STYNEN 

A. BEECKMANS 

C. JOLY 



TABLE 6 : PARTICIPATION AT SYHPOSIA, MEETINGS, WORKING GROUPS (continued) 

DATE 

25.1Î.87 

17.11.87 

03.12.8? 

l<~ 12.87 

PLACE 

Holiday Inn 

(GENT) 

HOBOKEN 

von Karman Institut 

(BRUSSEL) 

BRUSSEL 

OBJECT 

Studiedag iver thermische problemen 

en oplossingen in de Elektronica. 

"ERIKS" - Opei 'eurdagen. 

PAHR-PIRAMID : 

- Lecture Series : "Modelling of 

Transport Phenomena in Porous 

Media." 

- Besprekingen met MM. BUCHLIN en 

STUBOS. 

Tentoonstelling : "Made in Belgium" 

(09.12.87 - 13.12.87) 

Verzamelen van informatie over 

Belgische vertegenwoordigers. 

PARTICIPANTS 

V. STULENS 

R. STYNEN 

M. MOLS 

V. SALEN 

C. JOLY 

W. VERBEECK 

R. STYNEN 

K. LASKA 
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ï. ntmoocnoM 

The plant was shutdown on June 30, 1987 

due to the expiration of the operating 

license. Up to the beginning of October 

1987, the plant was maintained in standby 

waiting for a possible license prolongation. 

After the decision of the Board to de

commission the plant, the usual activities 

were started to unload the core. 

From the beginning of December 1987, 

dismantling of experimental fuel assemblies 

was started to send priority fuel pins to 

the BR2 hot cell and LHMA laboratories for 

destructive or non-destructive examinations. 

At the same time, the first steps to de

commission the plant were undertaken. 

The operating team of the BR3 plant 

amounted to 58 people at the time of the 

plant shutdown on June 30, 1987. 

Due to the extended waiting period before 

beginning the defuelling, various people 

were delegated to different Departments and 

Services of the SCK/CEN. Soma of them were 

definitely detached from the BR3 plant. At 

the end of December 1987, the operating te un 

was reduced to 46 people. 

Operation of the BR3 plant was super

vised by P. GUBEL, L. TEUNCKENS, 

L. VERHEULEN, P. WALTHOFF, A. BARRO, 

W. ENGELEN, R. GEUENS, 3. HENDERIX, L. HUS, 

G. LEGRAIN, Y. MICHAUX, K. MOERKENS, 

V. RAVOET, A. SENCIE, L. TOMSIN, J. VERREES, 

R. VAN LANGENDONCK. 

2. O O n 402 OFRAXIOH 

Following the plant shutdown on June 30, 

1987, the plant was first maintained in 

hot-standby. 

On July 7, because there va> no hope of 

obtaining approval for a new operation 

license within a short delay, the order was 

given to cooldown the plant and maintain it 

in cold standby. 

From this time, different maintenance 

activities were started on the primary, 

secondary and tertiary circuits. Many of 

these maintenance tasks had been foreseen in 

the planning of the W2-4E1 shutdown. 

3. DBOBLLJHG OF I B COKE 402 

Three months after the shutdown of the 

plant due to the expiration of the operating 

license, the Board of the SCK/CEN decided on 

the decommissioning of the BR3 plant. 

Indeed, all possible efforts to get a new 

operation license, even for a limited time 

(to run out the 4D2 core) had been un

successful . 

From October 19, the usual dismantling works 

in the containment building were started in 

preparation for the core unloading which 

took place on November 16. 

The 73 fuel assemblies were unloaded from 

the core and transferred to the deactivation 

pool without any incident. They were 

followed by all the control rods, high flux 

samples and all but four moderator tubes. 

Afterwards, all reactor internals were put 

back in place as well as the reactor vessel 

head. 

The activities in the containment building 

ended with a short decontamination of the 

refuelling pool and the painting of oxidised 

surfaces (neutron shield tank, instrumen

tation basket support, ...) in the re

fuelling pool. 

*. DKXMOSSiaiUK QT THE PLAKT 

From the beginning of December, a crew 

of k people began to work on the dismantling 

of experimental fuel assemblies. Indeed 

tens of fuel pins had to be extracted and 

sent within a short delay to the BR2 hot 

cell an<\ the LHMA laboratory for 

examinât!*.. . It is foreseen that a large 

number of them should be transferred to 

England, France, Sweden and Switzerland 

within a few months. 
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Activities of this crew on the fuel as

semblies are expected to last for soae 

aonths. 

At the . * H tiee, the first staps were 

undertaken to decniMission the plant. All 

unnecessary circuits are stopped and 

secured. Other vital auxiliary equipment 

has been put in a safe configuration to 

niniaize the risks of accident and inter

vention by personnel. 
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PARTICIPATION AT SYHPOSIA, MEETINGS AND WORKING GROUPS 

01.10.1987 L.TEUNCKENS 

Seminarie I.E.C.-Bus - Meetsystemen 

Overijse - Rohde & Schwarz 

05.10.1987 L. TEUNCKENS 

Seminarie "C.A.T." 

Brussel - HEWLETT-PACKARD 

13-16.10.1987 L. VERMEULEN 

Regulating and life limiting aspects of core internals 

Stockholm 

30.10.1987 P. GUBEL 

Réunion du groupe PISC 

Bruxelles 

03-06.11.1987 L. VERMEULEN 

Inspection, réparation et reconstitution sous eau du combus

tible de réacteurs à eau 

Paris, A.I.E.A.-UNIPEDE 

04-05.11.1987 L.TEUNCKENS 

Expérience de fonctionnement des systèmes de contrôle-commande 

dans les centrales nucléaires 

Bruxelles, UNIPEDE 

12-13.11.1987 P. GUBEL, L. VERMEULEN 

Westinghouse European Technology Seminar 

Brussels, Westinghouse 
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1. HKDR OOGLED REACTORS 

1.1.PHYSICS STUDIES AND SERVICES 

1.1.1. Nuclear criticalitv safety 

(Y. Bortels, S. De Leeuw, 

Ch. De Raedt, L. Leenders, R. Menil, 

G. Ninsart, P. Vanderheyden*) 

Development studies 

The measurement of neutrons emitted by 

spent PWR fuel assemblies can be used as a 

non-destructive technique for burn-up 

characterisation. Such a characterisation 

appears necessary by reason of the increase 

of the initial enrichment of the fuel loaded 
235 

in PWR1 s (from 3 to i» % U approximately), 

in relation with a higher burn-up limit (45 

GWd/t on the average, instead of 33 GWd/t) 

and a longer residence time in the reactor. 

These changes ask for a re-analysis of the 

criticality safety aspects at different 

stages of the operations on the spent fuel 

(handling, storage, reprocessing); specific 

measures, sucn as experimental burn-up 

verification, can be imposed. 

Close contacts are maintained with the 

utilities and with safeguards people in view 

of developing a technique and associated 

device for burn-up measurement which is 

accurate enough to insure a safe storage or 

to fit the requests of the reprocessing 

plant. In view of preparing a device similar 
235 to the fork neutron-gamma detector, U 

fission chambers were purchased and tested 

during the foregoing semester. Gamma 

ionisation chambers, which will be used 

together with the \ fission chaabers, 

have been tested in a rather low gamma 

field. Further work is however necessary to 

check that these detectors can operate 

satisfactorily in a gamma field as high as 

105 R/h. 

The data previously obtained on 

TIHANGE-1 fuel assemblies were further 

examined in order to identify the reasons of 

the systematic difference between calculated 

and measured neutron emissions as a function 

of burn-up : the calculated (ORIGEN-2) 

neutron emission versus burn-up curve 

increases more rapidly than the measured 

curve. Several sources of possible 

discrepancies were identified and analysed; 

the most important ones appear to be : 

the axial variation of the burn-up along 

the fuel assembly, resulting in a mid-

height/average burn-up ratio that depends 

on the assembly burn-up 

the simplified formalism used in the 

ORIGEN-2 (zero dimensional one energy 

groups) burn-up calculations. Compari

sons between results obtained with 

ORIGEN-2 and with the more sophisticated 

CASMO-3 code are still under way. 

Special attention also has to be paid to 

the one-group library used with ORIGEN-2 

possible burn-up varying errors in the 

average burn-up value as determined by 

the reactor fuel management codes. 

A report was written describing the results 

obtained so far (see Ref. 17 in Appendix 1). 

Validation studies 

Validation of the calculations of the 

fuel compositions at different depletion 

levels is important because, amongst other 

problems such as fuel management, criticality 

safety calculations of fuel storage racks 

rsquire such information as a basic input. 

The determination of the minimum burn-up, as 

a function of the initial enrichment of the 

fuel assembly, for which criticality criteria 

are met in a particular storage configur

ation, heavily relies on both geometrical 

data and fuel composition at the considered 

burn-up. 

In addition to comparisons of the results 

produced by several depletion codes (ORIGEN, 

BURN1D, CASMO) applied to measured fuel 

assemblies, some work is devoted to validate 

the calculations of the fuel compositions at 

different burn-up values. Previously, the 

above-mentioned codes were used to study a 

typical PWR fuel cell which had been analysed 

by the CEA with the cell code APOLLO, and the 

resulting number densities were confronted 

with the APOLLO results. 

*ISIB, Brussels, Traineeship at SCK/CEN. 
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During the 2nd seaester of 1987, the 

SCK/CEN has also participated in the KEACRP 

thermal fission product benchmark; BURN10 

results are ready and the same study wich 

the CASMO code is under way. the analysis 

involves the infinite multiplication factor, 

the uranium and plutonium atomic densities, 

the absorption and the fission rates of the 

different nuclei, including more than ten 

important fission products. A first check 

indicates a fair agreement between most of 

the participants; it is expected that more 

detailed comparisons will be performed in 

1988. 

Applications 

A quotation has been transmitted to a 

Belgian manufacturer for checking the 

presence of absorber (cadmium) plates inside 

stainless steel tubes to be inserted into 

storage racks at CHOOZ. The so-called 

neutron transmission method will be used. 

Due to the decision to increase the 

initial enrichment of the fuel loaded in 

PWR's, progressively for TIHANGÊ 1, 2 and 3, 

SCK/CEN has been asked to examine the 

possibility of developing a device, to be 

fixed on tha fuel transfer machine of the 

storage pool, based on the neutron detec

tion, to check if the subassemblies, with an 

initial enrichment higher than 3.75 %, 

reached an assumed burn-up level. A fore-

project was discussed and the comments from 

the utilities will be transmitted in the 

beginning of next yt-ar. 

1.1.2. Non-destructive f"?] «^«filiation bv 

yampa spectrometry 

(L. Boras, K. Dinov*, L. Leenders, 

V. Willekens) 

Development 9f CWiPfffflt 

The two Ge-crystals are now provided 

with their housings for both use in the 3R2 

hot cells and under water, such that they 

are fully exchangeable. Nevertheless they 

are somewhat specialised according to 

different purposes and (or) working 

conditions : 

the highest possible resolution for the 

BR2 hot cells, in view of measuring the 

as representative for the fission 

gas release 

the largest possible range of gross 

counting rates measurable for the under 

water application, in view of the 

measurement and follow-up of fission 

products with very short half-lives. 

Fine optimisation of the working conditions 

are still to be carried out in order to get 

the optimal resolution for both crystals. 

Development "f «•"•̂ sûrement techniques 

(Réf. 10) 

Some work was devoted to measure, on a 

non-destructive way, the activity of the crud 

deposed on fuel rods irradiated in BR3. 

Follow-up of the crud deposition is 

interesting for several reasons : 

Crud deposits could be the origin of fuel 

rod defects 

The long-lived crud radioactivity is 

responsible for more than 10 % of the 

radioactivity in and around the primary 

coolant circuit during reactor stops for 

refuelling and (or) maintenance 

The crud activity could be a monitor of 

the corrosion in the primary circuit, 

mainly in the pumps and the heat 

exchangers. 

Quasi no published results on crud 

activity oeasured by non-destructive 

•y -spectrometry examination are available, 

mainly for three reasons : 

the attention generally is concentrated 

on fission products 

tha fission product activity is so high 

that the crud activity is masked (see 

example Fig. 1) 

in some cases, the crud activity can not 

be separated from the activity arising 

from the rod cladding or internals. 

Special attention was paid to Co, which 

has the longest half-life and the highest 

ganna energy compared to the other crud 

activated elenents. Figure 2 shows both 

relative and absolute Co activities 

measured on six BR3 fuel rods and for some 

''Institute of Nuclear Research and Nuclear 

Energy, Sofia (Bulgaria), IAEA Fellowship 

at SCK/CEN. 
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of them at two levels : 

at the standard gas plenum level (SP) : 

the 60Co activity is for 99.9 % from the 

activated spring, it can be used as a 

monitor for future non-destructive 

analysis 

at the special gas plenum (zircaloy 
85 spacer tube provided for Kr 

measurement) (GP) : the Co activity is 

from the crud activation. 

Four rods, namely F1077, F1066, 1-1066 and 

1-329, were irradiated for three cycles in 

BR3, while the two other ones, F5787 and 

F5804 were irradiated for one cycle only. 

The axial distribution of the crud 

activity was obtained for one of the rods 

irradiated for one cycle. The measured 

axial distribution is very close to that of 

the thermal neutron flux distribution in 

BR3. This result pleads for a uniform crud 

deposition in the axial direction of the 

fuel elements under a stable convective core 

heat-transfer regime. 

An adequate computer model to predict 

activation and transport of corrosion 

products is necessary to analyse these 

results. 

Application 

The measurement campaigns and the 

related data handling carried out between 

01.07.87 and 31.12.87 are summarised in 

Table 1. Due to the non-availability of the 

BR2 hot cells no y-spectrometry examination 

was carried out during this period. This 

semester was devoted to the data handling of 

results obtained during the foregoing six 

months. 

On the contrary, for under-water 

examination, most of the time was devoted to 

the preparation and to the analysis of the 

last FARFADET experiments (̂  4000 

•y-spectra). 

Finally, evaluation and preparation work 

was carried out for the follow-up of the 

fission product transport in the coolant of 

the next HOL 7C coolant blockage experiment 

to be carried out in the BR2 reactor. 

1.1.3. Neutron flux instrumentation for 

power plants 

(R. Menil) 

Most of the Belgian power plants use now 

boron lined counters as start-up detectors 

instead of the previous boron trifluoride 

counters (BF3) because of the frequent 

failure of these latter. An alternative 

solution to this problem, proposed by 

SCK/CEN, is to us*, cheap units containing an 

improved type of BF3 counter associated to a 

radiation resistant cable. The formal 

qualification procedure for these units is 

therefore continued. 

Additional neutron detection channels 

were installed as usual for the follow-up of 

the refuelling at different power plants, as 

listed in Table 2. 

Power plant 

D0EL 3 

DOEL 2 

DOEL 1 

June 

June 

Sept. 

Period 

4 July 15 

15 July 9 

28 Oct. 14 

TABLE 2 : Utilisation of SCK/CEN 

instrumentation during refuelling of power 

reactors 

1.1.4. Wet-Siopine installation at TIHANGE-2 

(P. D'hondt) 

A solution to the problem of high back

ground activities of the sipping-water and 

the related uncertainty in identification of 

some defective fuel assemblies has been 

proposed. The elaborated method, which is 

based on the reduction of the background due 

to 58Co, 60Co and U O a A g in the 137Cs 

measuring gamma energy window by a sub-

straction method, has been demonstrated 

experimentally using solutions containing 

differe/it concentrations of Co, Co and 
110n) 

Ag contaminants with or without the 
137 presence of Cs. The activity of the used 

solutions was similar to the sipping-water 
activit ies. 



TABLE 1 : Non-destructive fuel examination by 

gamna spectrometry Work carried out between 01.07.87 and 31.12.87 

A. ATHA Hot cells 

Programme ^ t y p e 

(purpose) 

TRIBULATION LWR uranium 

(high burn-up LWR fuel oxide 

behaviour including a 

possiole power transient) 

GAIN LWR uranium 

(high burn-up LWR fuel oxide with 

behaviour including gadolinium 

burnable poison and a 

possible power transient) 

MOX LWR mixed 

(high burn-up LWR fuel oxide 

behaviour including 

plutonium and a pos

sible power transient) 

FARFADET FBR mixed 

(FBR fuel behaviour at oxide 

the beginning of life) 

CHARLEMAGNE FBR mixed 

(FBR fuel behaviour in oxide 

actual power plant 

conditions) 

Number of Irradiation Measurement Data Handling 
items and report 

i* pins BR3 preconditioning April 87 : Sept./Oct. 87 

Y-scanning 

2 pins BR3 preconditioning 

and BR2 transient 

1 pin BR3 preconditioning March 86 : Sept. 87 

Y-scanning 

4 pins BR3 preconditioning March-Apr. 87 : Oct./Nov. 87 

Y-scanning 

Y-spectrometry 

BU 
85Kr 

Crud 

1 pin BR2 April 87 : Oct./Nov. 87 

idem 

U pins BR2 Feb.-March 87 : Partially 

Y-scanning May 87 

Y• spectrometry and Dec. 87 

BU 

2 pins PHENIX June 87 : Partially 

Y-scanning Nov./Dec. 87 

Y-spectrometry 

BU 



TABLE 1 : Non-destructive fuel examination by gamma spectrometry Work carried out between 01.07.87 and 31.12.87 (continued) 

B. Under water in the BR2 channel 

Programme _ , . 6 Fuel type 
(purpose) 

FARFADET FBR mixed 

(FBR fuel behaviour at the oxide 

beginning of *;fe) 

Number of Irradiation Measurement Data Handling 
items and report 

2 rigs BR2 : 2*» hours Oct./Nov. 87 Partially 

(with 2 "^-spectrometry Nov./Dec. 87 

pins each) Linear fuel 

power 

2 rigs BR2 : 2 hours Nov./Dec. 87 Partially 

(with 2 ^-spectrometry Dec. 87 

pins each) Linear fuel 

power 



- i.3 -

Furthermore the measurements were perforated 

using a Nal ( 2 x 2 inches) in a geometrical 

arrangement similar to the re-designed Nal 

detection chain of the wet-sipping in-
137 stallation. Solutions containing Cs 

could bfc undoubtedly identified. 

1.1.5. Work in support of the BR2 

irradiation pro^'"™^ : water loop 

for the irradiation of LWR fuel rods 

in BR2 

(Ch. &> Saedt) 

With a view to examining the feasibility 

of and to optimising the irradiation of LWR 

water cooled fuel rod bundles in BR2, 

neutron calculations are being perfoi-med 

considering various bundle configurations, 

various fuel rod (U0_) enrichments and 

various irradiation channels (characterised 

by their neutron flux spectrum and neutron 

i*lux level). Work is in progress. The 

purpose of this study is to investigate to 

whet extent BR2 irradiations could replace 

those previously performed in BR3. 

1.2.REACTOR PRESSURE VESSELS 

1.2.1. VENUS PWR Eneineerine mock-up 

(H. Aït Abderrahim*, S. De Leeuw, 

G. De Leeuw-Gierts, P. D'hondt, 

A. Fabry, L. Leenders, G. Minsart, 

S. Nonneman) 

1.2.1.1.VENUS;1 

The preparation of the final report on 

VENUS-1 has been pursued (report BLG 

568/NUREG-CR-3323). Most of the contri

butions were reviewed and additional parts 

were prepared, mainly for what concerns the 

TLD measurements and their interpretation. 

The fast neutron sensitivity of the 

different types of TLD's has been reassessed 

jn the basis of the results obtained with 

the lî ad shielded source experiment 

conducted at the National Bureau of 

standards (USA), as reported in the previous 

sîmestral report. The cavity corrections to 

be applied for the TLD calibrations and for 

the actual measurements in the BRI 

cavity and in VENUS, were re-evaluated taking 

into account the gamma spectra corresponding 

to the various locations; the formalism 

developed for this study, and the resulting 

correction factors, are explained in a 

separate report [Ref. 19]. The corresponding 

chapters and tables of the VENUS-1 report 

were accordingly updated. 

In parallel with the "reference" theo

retical analysis performed with the 

2-dimensional transport code DOT 3.5, another 

calculational technique has been applied to 

VENUS-1 : the integration of point kernels 

for straight line attenuation. The French 

code MERCURE-i», enabling 3-iimensional 

representation of the core with its 

externals, has been used with attenuation 

coefficients deduced from a series of 

1-dimensional cylindrical ANISN problems (100 

energy groups); the reaction rates traverses 

for each detector (237Np(n,f), 58Ni(n,p), 
115 738. 

In(n,n'), ' TJ(n,f) were computed on the 

basis of the ANISN flux maps and an old 

dosimetry file; they act as references for 

the adjustment of the attenuation coeffi

cients. The procedure of calculation and the 

results of the first series of MERCURE-U runs 

are reported in [Ref. l ] . The comparison 

with experimental values and with the 

transport theory results indicates that some 

improvement can be obtained by using the IRDF 

dosimetry file for the calculation of the 

ANISN reaction rates used as reference. The 

MERCURE-'» runs will be repeated with these 

updated values. 

1.2.].2.VENUS:2 

The DOT calculation of the ex-core fast 

neutron propagation has been performed; it is 

based on the fission source map provided by 

the 11-group DOT XY run (core calculation), 

and that source has b<sen shared amongst the 

17 groups of the DOT T>0 problem using the 

ENDF/B V 2ibM and 239Pu fission spectra 

(weighted on the proportions of fissions in U 

and Pu for the UOj-PuO, zone). A detailed 

cell calculation has been made in order to 

obtain the fission rates for each isotope 

separately, and to compute the cell dis-

* Trainee performing thesis work. 
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advantage factor to be applied in the 

interpretation of fission chamber measure

ments performed in the mixed oxide zone of 

VENUS-2. 

The full set of reaction rates (all used 

sensors, all measured locations) has been 

computed and compared to the already 

available measurements. Relative distri

butions appear to be in good agreement, but 

che absolute normalisation has shown a bias 

of about 10 % (which was not noticed for 

VENUS-1). to clear this problem, and in the 

same time to confirm or extend the set of 

measurements, an extension of the VENUS-2 

experimental programme has been decided. 

W2tiyation_of_the_extended_progranroe_gf 

VENUS; 2 

Cross-checks of experimental results 

between VENUS-1 and VENUS-2 as well as the 

provisional comparison between the theo

retical predictions and the experimental 

results lead appear some inconsistencies 

between the results of the two mock-ups. 

Three main reasons were taken into con

sideration : 

Buckling variation for high neutron 

energies and for positions far from the 

core 

Inconsistency between the absolute power 

levels of the two mock-ups 

To some extend, calibration of a few 

reaction rates not accurate epiugh. 

Moreover, as the VENUS-3 core will be 

heterogeneous horizontally but also 

vertically, it seemed necessary to have a 

full documentation about tha unperturbed 

axial distributions before starting the 

VENUS-3 programme. 

The measurements carried out during the 

extended programme of VENUS-2 are summarised 

in Table 3. 

1.2.2. Work in support of BR3 operation and 

post-operation r n f 

(A. Fabry, G. Minsart) 

In view of developing relevant SCK/CEN 

expertise toward application of the January 

1987 Regulatory Guide 1.154 "Plant-Specific 

PTS Safety Analysis Reports for PWRS", the 

OCA-P code, a "Deterministic and Pro

babilistic Fracture-Mechanics Code for 

Application to Pressure Vessels" (R.D. 

Cheverton, D.G. Ball - NUREG/CR-3618, 

ORNL-5991, 1986) has been obtained from Oak 

Ridge National Laboratory and adapted for use 

on the CTI computer (Brussels) on which the 

SCK/CEN has a direct access line; a version 

for personal computer (IBM/PC) is also 

available. 

The code has been benchmarked by re-

analysing five carefully selected thermo-

hydraulic transients of H.B. Robinson Unit 2 

(D.L. Selby et al. - NUREG/CR-4183, 

0RNL/TM-9567/V1 and 2, 1985); this covers a 

large and representative range of transient 

severity. For any given transient, the code 

allows to calculate P(F/E), the conditional 

vessel failure probability from a through-

the-wall crack initiated by the considered 

event; this accounts for the distribution 

functions of the flaw-depth density, of the 

initial (RTSTVP) and irradiated nil-ductility 

tr. isition temperature RTMiyr + ^ R X ™ 

(fluence, chemistry, . . . ) , of the initiation 

and arrest fracture toughness K, , K. , for 

all materials of the pressure vessel. The 

integrated failure risk is the cumulative sum 

of the product of P(F/E) by the transient 

occurrence probability P(E), where the 

summation extends over all conceivable system 

transients. 

An example of application is shown on 

Fig. 3 for idealised secondary-system events 

at the BR3 vessel and at a hypothesised more 

modern reference vessel, corresponding to a 

generic ASME-III dimensioning. The figure 

illustrates how much the conditional failure 

probability is plant-cpecific, depending on : 

vessel thickness and radius, shut-off head of 

the high-pressure safety injection and 

overall system configuration, i.e. transients 

at a one-loop versus a three-loop design 

display different severities; (on this 

figure, the results for different final 

downcomer temperatures Tf are illustrated). 

For a same pressure and same final 

temperature, the failure probability is 

significantly less at BR3 than at the 



TABLE 3 : Summary of the physics measurements performed during the extended programme of VENUS-2 

Measured parameter 

Axial buckling in different 

out-of-core positions and 
different neutron energies 

Thermal neutron distribution 

Fast neutron distribution 

Power sharing and power level 

Technique used 

In activation (E > 1.2 MeV) 

Zn activation (E > 2.8 MeV) 

N\ activation (E > 2.8 MeV) 

2 3 5U fiss.ch. 

In activation (En > 1.2 MeV) 

2 3 8U fiss.ch. (En > 1.5 MeV) 

Zn activation (En > 2.8 MeV) 

Ni activation (En > 2.8 MeV) 

2 3 5U fiss.ch. (in all fuel types) 

239Pu fiss.ch. (in MOX fuel only) 

Fuel activation 

Number of points 

3 

5 

3 

2 

5(*) 

8 

8(*> 

12 

11 

6 

1S<*> 

Number of runs 

9 

<!)<**> 

(2) 

(?) 

(8) 

(9) + 1 

(1) 

(9) 

1 

with calibration in BRI. 

carried out at the occasion of a run with another purpose. 
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"reference" vessel mostly because the 

thickness is only U.k8 inches rather than 

8.50 inches, thus resulting in much lower 

thermal stresses for a same overcooling 

accident. On another hand, the figure also 

allows to perceive that any reliable risk 

estimate requires the development of 

complete event trees and thermohydraulic 

scenarios for each plant of '.nterest, a 

condition which has eventually been deemed 

unsatisfied at the BR3. 

Upon invitation by the USNRC Materials 

Engineering Branch, a paper entitled 

"Results of a Radiation EmbrittlemenL Model 

Applied to the EDB" has been presented at 

the Fifteenth Water Reactor Safety 

Information Meeting, Washington, October 

26-29, 1987 (NUREG/CP-0090 p. 14-11). This 

work has been summarised in the previous 

semestral report and plans for its conti

nuation during 1988 have been firmed-up at 

the occasion of the above invitation. In 

the course of the same trip, rather 

extensive discussions of a possible BR3 

post-operation programme have been conducted 

with representatives of the USNRC, of 

Babcock-Wilcox, of ORNL and of Materials 

Engineering Associates (MEA). Preliminary 

contacts with EPRI have also been taken. 

The focus in these initial technical 

exchanges of views has been on the vessel 

and neutron shield tank materials, as well 

as on the possibility to use the BR3 for PTS 

experiments. Concerning this second topic, 

a detailed review with the HSST (Heavy 

Section Steel Technology)-programme experts 

at ORNL has resulted in the tentative 

cor - tsion that the cost and the risk of 

such "real-world" fracture experiments would 

offset the benefit; furthermore the lessons 

to be gained can be more easily and 

accurately obtained in the laboratory. By 

contrast, a multilaboratory . cooperative 

programme of materials sampling and testing, 

encompassing weld, plate, cladding and the 

neutron shield tank, is considered as an 

unique opportunity and all U.S.-groups 

contacted thus far have expressed their 

interest to become associated with such 

undertaking. 

2. FAST NB0TBM REACTORS 

2.1 PHYSICS MEASUREMENTS IN SUPPORT OF SNR-2 

AND SUPERPHENIX STUDIES : BALZAC 

PROGRAMME 

(P. D'hondt, A. Fabry, R. Menil, 

H. Aït Abderrahim*) 

The SCK/CEN contribution to the BALZAC 

programme has been limited to gamna-heating 

measurements using thermoluminescent dosi

meters (TLD). Two types were used namely 

A1.0, and LiF. Similar measurements were 

performed by CEN Cadarache, limited however 

to the use of LiF TLD's but supplemented by 

ionisation chamber traverses at midplane in 

N-S and E-W directions. 

One of the objectives of the BALZAC 

programme is the validation of the gamma 

heating calculations in the diluant 

assemblies and in the absorbing part of the 

control rods. On the 10th November 1987 a 

meeting has been held at Belgonucléaire, 

Brussels in the framework of the AGT3, WP004. 

Calculation-to-experiment (C/E) comparisons 

showing an underestimation of the gamma-

heating as calculated of about 25 % with 

respect to the measuring results, have been 

discussed in terms of applied heterogeneity 

and cavity corrections and/or nuclear data 

uncertainties such as those related to the 
238 (n,n'Y) interaction with U. As a host of 

uncertainties are plaguing C/E comparisons in 

such complex large-dilute core environments 

as the ones simulated in MASURCA, an outline 

of the potentials of the SCK/CEN standard-

and reference-gamma ray fields as supports to 

unravel the fore-mentioned discrepancies has 

been presented. 

2.2.WORK IN SUPPORT OF THE BR2 IRRADIATION 

PROGRAMME 

2.2.1. Post Accident Heat Removal (PAHRT 

experiments 

(L. Fouarge, Ch. De Raedt, P. 

D'hondt) 

The axial variation of the porosity in 

"Trainee performing thesis work. 
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the IK>2-Na bed of PIRAMID 1 was determined 

in 1986 by neutron transmission neasureaents 

on a neutron bean issuing from the front 

face of the BRI reactor. As the method 

yielded convincing results, CCR-Ispra 

requested similar measurements for 

PIRAMID 2. 

It was initially planned that the 22 cm 

high bed of PIRAMID 2 would be made up of 11 

layers of U0~ and steel particles in sodium, 

each layer having its particular granulo-

metry and hence porosity, fixed by the 

experimenters on core melt-down scenario 

grounds (the so-called porosity is the 

volume fraction of Na in the bed layer 

considered). In order to check the filling 

of the bed, transmission measurements were 

carried out first on mock-ups of the PIRAMID 

2 crucible, taking into account the presence 

of the instrumentation (thermocouples) 

inside the crucible. Measurements both with 

depleted and with natural uranium oxide were 

performed, with and without sodium. For all 

these cases the technique used was the same 

as that used in 1986 for PIRAMID 1. In 

parallel, the transmission in each layer was 

calculated as a function of the porosity. 

The results were then analysed to permit to 

make decisions concerning the filling 

procedure of the PIRAMID 2 crucible proper. 

A report is being issued. For several 

reasons it is at present envisaged to adopt 

a homogeneous mixture of UO. and stainless 

steel particles in sodium for the whole 

axial height of the bed, hence similar to 

PIRAMID 2 except that now stainless steel 

particles are added to the mixture. 

Two-dimensional (R,Z) neutron and gamma 

transport calculations were carried out for 

PIRAMID 2, similar to those carried out 

before for PIRAMID 1 and PIRAMID 3 : the 

absolute levels and the gamma powers in the 

particle bed were derived as well as the 

heating in the various structures around 

the bed such as the crucible, the radiation 

shield, the sodium containment tube, etc. 

The results are to help conduct'•og the 

PIRAMID 2 experiment and guiding the post-

irradiation examinations. A report des

cribing these two-dimensional calculations 

is being issued. 

2.2.2. FARFADET irradiations 

(L. Boms, L. Leenders) 

The purposes of the irradiation programme 

and of the non-destructive examinations (PIE) 

by gamma spectrometry, both under water after 

a short decay time and in the hot cells after 

at least six month decay time, can be 

summarised as follows : 

to obtain the detailed axial distribution 

of short-lived and long-lived fission 

products, which could be responsible for 

the fuel clad inner corrosion. 

to check the relative linear power levels 

on the basis of both the 
60, 

1W °La measure
ment (with a Co source as a reference) 

and the 137, Cs measurement (with the 

BURNOTHEQUE as a reference). 

tentatively to determine the absolute 

linear power levels on the same basis. 

The irradiations are now completed, they 

are summarised in table U. 

All the irradiations were such that the 

target power level was (500 + 25) W/cm for 

all the fuel pins and that the cooling 

conditions, external to the fuel pins, were 

as constant as possible and close to the 

working conditions. 

All the measurements by under water gamma 

spectrometry were carried out, including the 

accumulation of about 6 000 gamma spectra 

(each one comprising 6400 channel contents). 

As an illustration of the results 

obtained, Fig. k shows some repar

titions as measured for the six FARFADET 

experiments. The activity curves are not 

normalised, either for measurement 

conditions, which are very different with 

respect to the irradiation times, nor for the 

decay corrections. 

Nevertheless, this figure allows clearly 

and on a reproducible way the following 

observations : 

high fuel density and small gap between 

fuel and cladding give La distri

butions which all are very close to the 

predicted power distribution : the low 



fuel PPP^i 

PREDICTION 

distribution tar top 

fut! pin. 

TV.lt 

PREDICTION 

Rotative power distribution 

fuel pin. 

I 
•230 

i 
. 0 0 .30 

1*0 

FARFAOET 1 

LO os measured tar rod pin N» FT 1 

• Low density 

• High gap 

• 21 Days taodiatfon I 
140, 

FARFAOET 2 

'La a* nwaurad for fut* pin N* FT8 

• Small qap 

• 21 Days irradiation 

I 

140 

FARFAOET 3 

to as measured tor fud pin N°FT3 

• Low density 

• High gap 

• 24 Hours 

l/*VyV 

La as measured for fud pin N»FTD 

• High density 

• Small gap 

• 24 Hours 

I 

FARFAOET 

140, 
La a* measured for fuel pn N°FT5 

• Low density 

e High gap 

e 2 Hours 

J. H-U-

140 

FARFAOET 6 

La as measured for fuel pin SPFTI2 

• High density 

• Small gap 

• 2 Hours 

L 
Fig 4 FARFAOET PROGRAMME . La measurement by «-spectrometry underwater. 

http://TV.lt


- 50 

Table 

Target 

Irradiation Dates 

Time 

from 24.04.86 
^ 20 days 

to 10.05.86 

from 30.09.87 
^ 24 hours 

to 10.05.86 

"V- 2 hours 25.11.87 

porosities and the rather low fuel 

temperature are thus responsible for a 

good stability of this fission product and 

for his precursors; only pellet dishes are 

filled after a few days (see FARFADET 2) 

on the contrary low fuel density and 

high gap between fuel and cladding give 
140 

La distributions which can be far 

from the predicted power distribution : 

the large open porosities and the higher 

fuel temperature are now responsible for 

a great nobility of this fission product 

and (or) for his precursors. 

FARFADET 1 & 2 were already examined in 

the BR2 hot cells. The comparison between 

the two measurement devices, based on 

isotopes which are measurable for both decay 

times, shows that the gamma-spectrometry 

under water is a valuable examination 

technique in spite of the less easier 

experimental conditions (water shielding, 

filter shielding, pin surrounded by rig, 

removable devices... ) and of the very high 

(and highly variable) count rates (due to 

short decay times). 

4. 

Rig Number Rod Number 

FARFADET 1 FT1 & FT7 

FARFADET 2 FT2 & FT8 

FARFADET 3 FT3 & FT9 

FARFADET 4 FT4 & FT10 

FARFADET 5 FT5 & FT11 

FARFADET 6 FT6 & FT12 

2.2.3. Tests on ore-irradiated fast reactor 

fuel pins : design of the SOLISTE 

device 

(Ch. De Raedt) 

A report is being written describing the 

neutronic calculations and the results 

obtained for the irradiation of fast reactor 

fuel pins in BR2 in the framework of the AGT4 

study of fuel melting phenomena during a 

control rod withdrawal (CRW) incident. As 

mentioned in the previous semestral report, 

the simulating experiments in test reactors 

must be carried out with maximum power levels 

in the tested pins at the end of the 

transient high enough to induce not only fuel 

melting but also cladding rupture, i.e. 2 or 

3 times the nominal power level according to 

the burn-up, the type of pellet (full or 

hollow), the cladding material, the power 

ramp rate, etc., while the radial flux and 

power depressions in the tested pins must 

remain limited. 
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2.2.U. Source term measurements during the 

MOL7C-6 blockage experiments 

(Yang Yong Qing*, Ch. De Raedt, 

L. Leenders) 

During core melt-down accidents, 

significant fractions of the fission product 

inventory can be released into the contain

ment according to following release 

process : transfer of fission products from 

the molten fuel to the sodium, followed by 

sodium release from the primary system 

subsequent to vessel failure, and finally 

release of fission products from the eva

porating sodium-pool to the atmosphere. 

During events like those investigated in 

the M0L7C experiments no failure of the 

primary system is expected and the con

sequences for the environment can be neg

lected. However, interesting information 

can be obtained from these experiments with 

respect to the source term problem of core 

melt-down accidents. Measurement of the 

activity concentration of the different 

fission products in the sodium and relating 

it to the mass of disrupted and molten fuel 

could provide nuclide-speci.f ic transfer 

factors to replace the global factors 

generally used. Furthermore, the measure

ment of the temporal development of the 

activity concentration during the post-fault 

power operation would provide information on 

the time-dependent behaviour of fission 

products in sodium, in particular the 

reduction of the source term by plate-out 

processes. 

As the upper part of the sodium circuit 

of the MOL7C in-pile section extends above 

the reactor top cover, fission product 

activity measurements can be made in front 

of the expansion tank which forms the upper 

part of the M0L7C loop. • 

Calculations are at present being made 

to optimise some of the parameters of the 

detection system. The build-up of fission 

products and the activation of sodium is 

thus calculated with the ORIGEN-2 code while 

the detector response at its specific 

location is being calculated with MERCURE k. 

To check the whole calculation method, the 

calculated data for M0L7C-<t are first being 

compared with the existing measurements. The 

method will then be applied to MOL7C-6. 

2.3.CHARACTERISATION AND CERTIFICATION OF 

DOSIMETRY MATERIALS 

(P. D'hondt) 

In the framework of the CB*1!! ' reference 

materials for reactor dosimetry" programme, 

neutron activation analysis (NAA) is per

formed on Niobium for certification of the 

Tantalum content. Two different batches in 

three different forms (foil of 0.1 mm, foil 

of 0.02 mm, wire of 0 0.5 mm) are analysed. 

Tantalum contents of about 20 ppm in the 

first batch and of about 0.3 ppm in the 

second batch were determined. A report is 

underway. 

In the framework of the same programme, 

homogeneity control of 1 % Co/Al and 0.1 % 

Co/Al alloys has been ordered. 

2.4.NEUTR0NIC CHARACTERISATION OF THE TAPIR0 

REACTOR (ENEA, Cassacia, Italy) 

(A. Fabry, P. Moioli*, M. Angelone*, 

P. D'hondt, M. Carta*, G. Minsart, 

G. and S. De Leeuw) 

The experiments to characterise the 

TAPIR0 reactor were completed by end 1985 and 

revealed unexpected difficulties with respect 

to the last, important contractual task of 

the programme : provide an interpretation of 

the TAPIRO data consistent with the obser

vations in its supportive MOL copper-shell 

benchmark. The calculation-to-experiment 

(C/E) ratios as function of depth in the 

TAPIRO copper reflector were indeed system

atically different by up to 30 % from the 

ones at a same copper penetration of up to 'V 

18 cm in the supposedly one-dimensional M0L 

spherical shell benchmark. In this last 

facility however, the comparison entailed 

only miniature fission chamber measurements 

along the vertical polar axis : this 

direction is parallel to the main gradient of 

the thermal neutron flux driving the natural 

uranium converter source located around the 

copper shells. 

"Trainee. "ENEA, Cas?acia, Italy 
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To unravel the discrepancies, a new 

array of radiometric integral measurements 

was performed in the MOL system, with 

emphasis on the facility midplane perpendi

cular to the driver flux gradient. This 

included detailed fission rate determina-

tions { Ba- La detection) within the 

source as wel' ,s a limited surface source 

mapping. The analysis of this work has now 

been completed. As a result, the MOL system 

has been found not to be neutronically 

one-dimensional. Nevertheless, the follo

wing restricted set of parameters can be 

described by one-dimension transport 

theory : 

1) Central neutron spectra 

2) Integral reaction rate ratios at any 

location 

3) Central "substitution ratios". i.e. the 

ratio of the central reaction rate for a 

given inner copper shell to the central 

reaction rate for the empty source, 

provided calculations be always 

normalised to the actual volume-inte

grated source strengths. 

The normalisation needed for 3) is 

difficult to ascertain and the present best 

estimate, used to construct the relevant 

parts of Fig. 5, has an uncertainty of + 8 

%. On this figure, the C/E ratios of TAPIRO 

pertain to reaction rates normalised to the 

core pover while in the MOL benchmark, they 

refer to central substitution ratios for the 

three available shell thicknesses of 9, 1*» 

and 18.25 cm. The abscissa for the figure 

is the copper shell thickness or, for 

TAPIRO, the radial copper thickness from the 

reactor core edge. 

It can be seen from Fig. 5 that consis

tency between the two systems is now ex

cellent for reaction rates sensitive in the 

neutron energy range ^ 1-3 MeV (neptunium, 

indium), but is still somewhat marginal for 

the range > 3 MeV (nickel). The suspected 

reasons for the remaining difficulties are 

under evaluation. 

The C/E ratios on Fig. 5 tend to deter

iorate with increasing copper thickness in a 

systematically energy-dependent manner. 

This is remarkably clarified by Fig. 6 : the 

significant discrepancy between Li(n,a) 

neutron spectrometry and transport theory in 

the energy range ^ 0.8 - 2 MeV is well 

consistent with integral measurements, as 

shown by Fig. 5. 

Inadequacies of the copper inelastic 

cross section data - the M0L-BR2 *»0 group 

library in the present case - are responsible 

for the patterns of Figures 5 and 6. Moie 

recent nuclear data evaluations are even less 

performant to this respect, and can be 

adjusted so as to reproduce neutron spectro

metry results such as the ones of Fig. 6. 

All TAPIRO integral measurements should be 

predictable accurately using such adjusted 

copper cross sections. The same methodology 

has been proposed to help characterise the 

nickel-reflected PEC reactor on basis of an 

eventual MOL nickel-shell benchmark. 

3. FUSION 

3.1.PARTICIPATION TO THE JET CHARACTERISATION 

PROGRAMME 

(S. De Leeuw, P. D'hondt, Y. Bortels) 

The second phase contract is still 

underway. The objective is to operate the 

delayed neutron assemblies, manufactured by 

SCK/CEN and tested at BRI, in real working 

conditions using the fast pneumatic transfer 

system and the capsule selection unit as 

installed by HARWELL (UK). Measurement 

campaigns of about two weeks on JET are 

therefore foreseen according to the time 

schedule of operation of the machine and 

automation of the fast pneumatic transfer 

system. 

I*. SUPPORTING ACTIVITIES 

•'•.1.NEUTRON DOSIMETRY MEASUREMENTS IN BR2 

(P. D'hondt, P. Vanmechelen) 

Routine measurements of the thermal, 

epithermal and fast neutron fluxes were 
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carried out in various core and reflector 

channels, during each BR2 cycle. 

Table 5 gives an overview of the 

channels where flux measurements were 

carried out. 

In the framework cf the IAEA "Optimising 

of reactor pressure vessel programme and 

their analysis" programme, two special 

detector loadings were irradiated in the 

reflector channels Kll and L240, during BR2 

cycle 6/87, for characterisation of a 

possible irradiation position for charpy 

specimens. For the determination of the 

fast neutron flux, Ti and Fe foils were 

located each 10 cm from the positions - 350 

mm to + 350 mm. The results of these 

measurements have been reported. 

During the last week of October low flux 

measurements were carried out in preparation 

of the loading of a new Be plug in the 

central channel HI. The countings of the 

activation detectors are going on. 

4.2.BRI REACTOR OPERATION 

(S. Nonneman, R. Menil) 

During the last six months of 1987, the 

reactor was operated for 89 working days, 

resulting is an energy release of 316 MWh. 

The utilisation factor was brought to 74 %. 

In total 85 sample loadings were irradi

ated using the conventional pneumatic rabit 

and the experimental channels. Seven 

demands from internal SCK/CEN users and 78 

from external users were registered. 

BR2 cycle 7/87 8/87 9/87 

Core D0-D60 A90-A210 A330-C161 

channels D180-D300 B180-C41 D240-E30 

F100 D300 F254 

Reflector H37-K11 F14-F346 H337-K349 

channels L0-L300 H23-K11 P41-P161 

| P161 L240 P319 
i 

TABLE 5 : Overview of neutron 

The fast pn. umatic rabbit facility was, and 

shall be, used with a frequency of at least 

one day a week, as before, for the determi

nation of chloride and fluoride concen

trations in a nigh purity Si02 medium. The 

manipulation infrastructure around this fast 

rabbit system will be completed. 

In the experimental channel Y6 prepara

tions were started for the irradiation of 

electronic components and assemblies for the 

Belgian Army. 

The work performed by CBNM-Geel in 

collaboration with the University of Sussex 

(U.K.) and NBS (US) concerning the 

characterisation of Li-6 and B-10 targets is 

continuing. 

Measurements performed by the Rijksuni

versiteit Gent in collaboration with 

CBNM-Geel, concerning spontaneous and induced 

fission in the Pu-isotopes were also 

continued. 

Final calibrations concerning the VENUS-2 

measurement campaigns were performed in the 

reactor. 

Concerning the exploitation safety 

enhancement an alarm-system for evacuation in 

the case of a reactoi ac.-.ident has been 

installed, modification of the Argon-system 

has been modified intensively. 

Since several years, thermal neutron to 

fission neutron spectrum convertors based on 

U-235, of different sizes are used in the 

thermal cavity (diameter of l a ) . A new 

10/87 11/87 12/87 13/87 

B0-B60 A210-DI80 A150-B60 ^40-C259 

B120-B240 E30-E330 C199-D60 D0-D120 

B300 F46 D180 F314 

K49-P;J1 G0-H37 Hl/Cen. Hl/Cen. 

K349-IV30 K49-L0 K311-K349 G180-K169 

P34 L60 N330-P161 P19-P259 

dosimetry measurements ir. BR2 
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device which will be loaded in one of the 

experimental channels is now studied. Since 

the linear power of this convertor will be 

similar to that of the hottest fuel element, 

special care is devoted to several 

problems : cooling, level of radioactivity, 

cladding integrity, etc. 

4.3. THE TRIGA MKII REACTOR AT CREN 

(KINSHASA) 

(L. Leenders) 

The agreement of cooperation between 

Zaïre and Belgium is terminated on December 

31, 1986. Nevertheless some actions are 

continuing, based on the balance of the 

budget : 

two training fellowships were organised 

for the account of the AGCK/ABOS (1 year 

in Radiobiology, 6 months in Reactor 

Instrumentation) 

at the departure of the trainee in 

Reactor Instrumentation, all the material 

collected during his stay and being the 

result of the orders placed in 1986 was 

sent to CGEA/CREN-K 

At the end of the period a report 

describing corrosion problems on the reactor 

pool-cladding, made of Aluminium, was sent to 

SCK/CEN with a letter asking for actions to 

be taken. Contact was taken with reactor 

people concerned with such kind of problems 

and a rather complete documentation was 

collected. After good knowledge of this 

documentation and comparison with the case 

concerned, an action programme will be 

proposed to CGEA. 
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APPENDIX 1. REPORTS AND PUBLICATIONS 

1. Calcul de VENUS-1 par le code de calcul 

MERCURE-4 utilisant la méthode 

d'intégration de noyaux ponctuels 

d'atténuation en ligne droite. Schéma 

de calcul et résultats. 

H. Ait Abderrahini 

380/87-09 (24.06.1987). 

2. BR2 Neutronendosimetrie voor bestraling 

van Iridium (IRE - 4de reeks kapsules). 

Periode : 3/87A - 4/87A - 5/87A. 

P. Vanmechelen 

205/87-06 (08.07.1987). 

3. Calculs de criticité des râteliers de 

stockage (com* stible neuf) Centrale de 

DOEL, unités 1 et 2. 

G. Minsart 

77/87-08 (18.08.1987). 

4. NEACRP Thermal Fission Product 

Benchmark. 

G. Minsart 

49/87-10 .(27.08.1987). 

5. Reactor Physics Activities in Belgium 

(September 1986 - August 1987). 

Prepared for the annual meeting of the 

NEA Committee on Reactor Physics. 

J. Debrue 

6. Travaux effectués au cours du 1er 

semestre 1987 dans le cadre de la 

convention ELECTRONUCLEAIRE - CEN/SCK 

relatifs à la fragilisation des aciers 

de cuve. 

J. Debrue 

79/87-14 (14.09.1987). 

7. Neutron dosimetry results on stainless 

steel remnants of the thermal shield of 

Tihange 1. 

P. D'hondt 

381/87-04 (18.09.1987). 

8. GAP PROGRAMME : Results of y'^canning 

measurements. 

V. Willekens 

FCP/BR3/46 - 735/87-01 (24.09.1987). 

9. GAIN PROGRAMME : Results of 

Y-spectrometry measurements on the rod 

MG8N1. 

V. Willekens 

FCP/BR3/47 - 735/87-02 (25.09.19d7) 

10. Non-destructive crud activity investi

gation programme. 

K. Dinov, L. Leenders 

FCP/DG/10 - 710/87-02 (10.10.1987). 

11. TRIBULATION PROGRAMME : Results of 

Y-scanning measurements on six rods. 

V. Willekens 

FCP/BR3/48 - 735/87-03 (15.10.1987). 

12. Comparison of the PTS risk for the 

pressure vessels at the BR3 and H.B. 

Robinson Unit 2 nuclear power plants. 

A. Fabry and G. Minsart 

313/87-06 (19.10.1987). 

13. The BRI reactor and contributions to 

international programmes. 

P. D'hondt, J. Debrue, A. Fabry 

Paper presented at IAEA Colloque inter

national sur l'utilisation des réacteurs 

de recherche polyvalents et la coopéra

tion internationale dans ce domaine, 

Grenoble, France (19-23.10.1987). 

14. Industrial applications of the neutron 

activation analysis with a fast pneumatic 

transfer system at the BRI reactor. 

P. D'hondt, D. Bossus 

Poster presentation at IAEA Colloque 

international sur l'utilisation des 

réacteurs de recherche polyvalents et la 

coopération internationale dans ce 

domaine, Grenoble, France 

(19-23.10.1987). 

15. Potentials of the SCK/CEN standard- and 

reference-gamma ray fields as supports to 

unravel discrepancies between measure

ments and calculations of gamma-ray 

heating rates in the MASURCA critical 

cores (RACINE and BALZAC). 

A. Fabry, P. D'hondt, R. Menil, H. Ait 

Abderrahim 

605/87-06 (17.11.1987). 
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î . tuant COOLED REACTORS 

The activities in the field of water 

cooled reactors are related to the following 

aspects : 

the irradiation testing of fuel rods and 

reactor vessel steel samples, 

the design of new LWR fuel irradiation 

facilities for the BR2 reactor, 

the out-of-pile hydraulic tests of 

advanced PWR fuel assemblies, 

the probabilistic risk assessment (PRA) 

studies. 

In connection with the irradiation 

testing programmes of LWR fuel - i.e. 

TRIBULATION, GAIN (Gadolinium bearing fuel 

rods), HBC (High Burn-up Chemistry), DOMO 

(Oodewaard reactor MOX fuel rod segments), 

several programme committee meetings have 

been held in Brussels, whose main 

conclusions are : 

no extension of the TRIBULATION and GAIN 

programmes are presently decided 

although the irradiated fuel rods 

unloaded from BR3 core 4D/2 are 

available; 

the HBC programme proposal incites much 

interest from potential partners, 

especially after the demonstration 

"Power-to-melt" test carried out in the 

BR2 reactor in April 1987. After minor 

amendments to the programme, partnership 

contracts will be signed during the 

first quarter of 1988; 

the DOMO programme has been launched and 

the concerned MOX fuel rod segments will 

be loaded in the Dodewaard reactor in 

January 1988. First tests in the BR2 

reactor are scheduled from mid 1990. 

During the reported period, no irradi

ation test has been performed in the BR2 

reactor. However 6 or 8 tests are scheduled 

in 1988. 

The detailed design of new types of 

Pressurised Water Capsules (PWC) is in 

progress. Those devices allow the irradi

ation testing of PWR and BWR fuel rods of 

various diameters (9.5 through 13.5 mm) and 

lengths (up to 1000 mm), with an increased 

potentiality of instrumentation (fuel rod 

elongation monitoring for early rod failure 

detection, noise correlation 'analysis, fuel 

rod diameter measurement, fuel temperature 

and fission gas pressure measurement in 

pre-irradiated fuel rods). 

The preliminary design of a 750 kW pressuri

sed water test facility for the irradiation 

testing in the BR2 reactor of PWR fuel rod 

clusters has been carried out. The decision 

to continue the detailed design will be 

taken at the beginning of 1938. 

No out-of-pile hydraulic test of a PWR 

fuel assembly is executed in 1987 but a new 

guide tube for the ETL (Environmental Test 

Loop) has been designed and ordered to test 

a 16 x 16 Biblis advanced type fuel assembly 

by mid-1988. 

In the field of the reactor safety, pro

babilistic risk assessment (PRA) studies 

have b< - initiated for th^ BR2 reactor 

systems. Computer visualising tools have 

been developed to facilitate the analysis of 

the reactor systems. 

In the scope of a surveillance programme 

coordinated by IAEA, a feasibility study has 

been carried out for the irradiation of 

reactor vessel steel samples in the BR2 

reactor under adequate conditions (fast 

neutron fluence and restricted temperature 

range). 

1.1.FUEL IRRADIATION TESTING 

1.1.1. The TRIBULATION and GAIN programmes 

(A. Falla, R. Oris) 

The programmes TRIBULATION and GAIN were 

set up to study the behaviour of PWR fuel, 

taking advantage of the unique feature of 

having on the same site at SCK/CEN-Mol the 

BR2-BR3 reactors and an extensive laboratory 

infrastructure to examine irradiated fuel. 

The TRIBULATION programme goes back to 

1980 and focuses on fuel behaviour at high 

burn-up (max. 70 GWd/tM) in combination with 

severe power excursions (60 % power over-
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shoot and more). The last series of 12 fuel 
rods of TRIBULATION program» has been 
unloaded from the BR3 reactor in December 
1987 and wi l l be submitted to non-destruc
t ive test ing at SCK/CEN. No irradiation i s 
presently scheduled in the BR2 reactor but 
the insertion of some of these rods in a 
test ing programme can s t i l l be negotiated. 

The GAIN programme started in 1983 with 
the objective of building an experimental 
nuclear data base for gadolinium bearing 
fuel rods of PWR design. Especially the 
in-pi le thermo-mechanical behaviour at high 
burn-up and the effect of power transients 
for a few rods at intermediate burn-up are 
investigated. 

The last 18 fuel rods of GAIN have been 
unloaded from the BR3 reactor in Deceaber 
1987 and wi l l be submitted to non-destruc
t ive testing. One irradiation campaign 
includi..^ a power ramp i s scheduled in th<* 
BR2 reactor in February 1983, on one of 
these fuel rods with a burn-up of 43 GWd/tM. 
This irradiation campaign wi l l be followed 
by non-destructive and destructive exami
nations. The other 17 fuel rods wi l l either 
return to the manufacturers or stay at 
SCK/CEN with a view to a possible extension 
of the programme. 

S t i l l in the scope of irradiation 
test ing of gadolinium bearing fuel , two more 
irradiations with power ramps should take 
place in 1988 under a bilateral agreement 
with Japanese manufacturers. 

The time schedule of the TRIBULATION, 
GAIN and bilateral programmes i s summarised 
in Table 1 .1 .1 . 

TRIBULATION 

Except for the follow-up of the planning 
of the non-destructive t e s t s , no other work 
has involved the department in 1987. 

CAIN. 

The transient in BR2 on fuel rod n° 23 of 

the GAIN test matrix, now scheduled for 

begim ing of 1988, will be the last of the 

program;». The rod is unloaded from BR3 

after cycle 4D2. The transient specifi

cations are different from the previous 

transients. 

the power transient will be obtained by 

increasing only the BR2 power, thus 

without the He3 screen; 

the maximum power will be held over a 

period of + 13 days instead of 1 minute. 

During the reported period work has been 

done on the preparation of the LWR irradi

ation facility, both out-of-pile and ia-pile 

equipment. The pressurised water capsule 

PWC-2 and the Cycling and Calibration Device 

CCD-3 are defective and will be dismantled 

beginning of 1988. 

A new pressurised water capsule PWC-4 

has been designed and manufacturing cf the 

mechanical parts will start in 1988. The 

damaged CCD-1 device was repaired (installa

tion of a new instrumentation line). 

1.1.2. The HBC programme 

(S. Bodart, A. Falla, R. Oris) 

The HBC (High Burn-up Chemistry) pro

gramme is an international programme, to be 

sponsored by different fuel vendors, utili

ties and research centres. The main objecti

ves of the programme can be summarised as 

follows : 

investigation of the fuel chemical 

in-pile behaviour during irradiations at 

high burn-up; 

analysis of the fuel thermal conducti

vity as a function of burn-up and fuel 

chemistry by irradiating instrumented 

fuel rods to obtain accurate fuel 

centreline temperature measurements; 

evaluation of the power-to-melt criter

ion versus burn-up. 

The current programme proposal includes 

PWR and BWR rods and rodlets with different 

geometry and fabrication characteristics. A 

number of fuel rods contain Gd bearing UO2 

fuel pellets. 

In relation with the third programme 

task (power-to-melt criterion), a transient 

test has been performed in tlw BR2 reactor 

in April 1987, on a high burn-jp (60 GWd/tM) 
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U02 fuel rod (similar to fuel rods of the 

TRIBULATION programme). The post-irradiation 

examination (ceramography) has confirmed 

that central fuel melting conditions have 

been reached for the 700 W/cm linear heat 

generation rate obtained during a short 

residence ' ime ( 1 minute ) at the end of the 

transient. This result is of major concern 

in assessing the power-to-melt criterion of 

fuel at high burn-up. One more power-to-melt 

transient test is scheduled in BR2 at the 

end of 1988. In the scope of the re-irradi

ation of instrumented fuel rods in the BR2 

reactor, a technical meeting has been held 

at CEN-Saclay, to define the collaboration 

between SCK/CEN and CEN-Saclay for the 

refabrication process, the transportation 

capacity and the irradiation testing of 5 

re-instrumented fuel rods. CEN-Saclay 

installs the central thermocouple in the 

pre-irradiated fuel rods. Dimensional 

compatibility and handling aspects must be 

jointly examined by SCK/CEN and CEN-Saclay. 

In that scope a new type of Pressurised 

Water Capsule, so-called PWC-CI (for Central 

Instrumentation) is being designed (see par. 

1.1.4.) and should be ready for irradiation 

in the BR2 reactor by March 1989. 

As scheduled at the last programme 

committee meeting in November 1987, the HBC 

programme includes 9 irradiation campaigns 

in the BR2 reactor, spread in 1988, 1989 

and 1990 as shown in table 1.1.1. 

1.1.3. The DOMO programme 

(S. Bodart, A. Falla) 

The first meeting of the DOMO (for 

Dodewaard Mox fuel) programme Committee has 

been held in October 1987 in Brussels. This 

testing programme is related to mixed oxide 

(MOX) and UO2 fuels for Boiling Water 

Reactor (BWR) and aims at the following two 

main objectives : 

to collect data about the thermo-

mechanical behaviour of fuel at high 

burn-up (up to 60 GWd/tM peak pellet 

burn-up); 

to collect data for neutronic calcula

tion code benchmarking which predict the 

neutron flux depression and therefrom 

the radial fission power distribution in 

plutonium bearing fuel rods. 

The results of this testing programme will 

be used for the development of MOX fuel 

behaviour models (fission gas release, fuel 

densification and swelling) and for licen

sing purposes as well. 

The DOMO programme starts in January 1988 

with the irradiation in the Dodewaard BWR 59 

MWe reactor, of 40 MOX and '0 UO2 fuel roc" 

segments (- 450 ran long), from which 10 MOX 

and 5 UO2 rod segments will be submitted to 

post-irradiation examination (PIE) at 

different burn-up rates and some of them (9 

rod segments), after a power ramp in the BR2 

reactor. All PIE (except the U and Pu radial 

distribution) are to be performed at 

SCK/CEN. 

The first power ramp test on a 20 GWd/tM 

burn-up rod segment, is scheduled during the 

second half of 1990. 

Because the geometry of a fuel rod segment 

(446.6 ram long, 12.27 IHD 0) is different 

from the BR3 fuel rod geometry, a new 

Pressurised Water Capsule (PW"), so-called 

PWC-EM (for "Elongation Measurement") must 

be designed and built (see par. 1.1.4.). 

This new design allows rois of different 

diameters (9.5 to 13.5 mm) and lengths (up 

to 1 meter) to be irradiated. Rod failure 

can be instantaneously detected by a modi

fication of the rod length. 

The time schedule of the D0M0 Programme is 

summarised in table 1.1.1. 

1.1.4. New design of Pressurised Water 

^ «lie 

(S. Bodart) 

The fabrication of the Pressurised Water 

Capsule PWC-4 is now in progress. 

This new capsule must replace the PWC-2 

which was damaged during previous irradi

ation tests (power-to-melt test in April 

1987 - cfr. par. 1.1.2.). 

Although the principles remain unchanged, 

seme minor improvements have been brought to 

the design, e.g. number of thermocouples. 

The availability of this capsule is foreseen 

at the beginning of 1989. 

A new design of a Pressurised Water Capsule 

PWC-5 is now under development. 

This capsule is intended for irradiation of 



Table 1.1.1. LWR Fuel irradiation testing in the BR2 reactor (updated December 1987) 

Programmes (launched 

before end 1987) 

TRIBULATION (Int.) 

GAIN (Int.) 

HHI (Bil.) 

NFI (Bil.) 

HBC (Int.) 

DOMO (Int.) 

Fuel rod type 

PWR fuel rods from BR3 J»D2 cycle 

IS PWR gadolinium bearing fuel rods 

from BR3 4D2 cycle 

2 PWR Gadolinium bearing fuel rods 

from BRI. *iD2 cycle 

2 PWR Gadolinium bearing fuel rods 

from BR3 4D2 cycle 

12 PWR fuel rods from BR3 and from 

Obrigheim reactor : 5 of these fuel 

rods are provided with a fuel 

thermocouple 

2 BWR fuel rods from Ringhals reactor 

60 BWR (MOX and UO ) fuel rod 

segments from Dodewaard reactor 

1987 

No T 

-No T 

-PIE 

-No T 

-No T 

-No T 

1988 

- 12 rods for PIE 

(non-destructive) 

No T 

- I T 
- PIE 

- I T 
- PIE 

- I T 
- PIE 

- 2 T 

- 1 T up to fuel 

melting plus 

PIE 

1989 1990 

No extension till now 

No extension till now 

-

- k T with 
fuel temp, 

measurement 

plus PIE 

Irradiation in Dodewaard Reactor 

-

- 1 T 

- I T with 

fuel temp, 

measurement 

plus PIE 

From mid 

1990 : nine 

tests plus 

PIE 

Explartations : (Int.) means international «,, ement 

(Bil.) means bilateral agreement 

T : transient or ramp test in the BR2 reactor 

PIE : post-irradiation examination 

MHI : Mitsubishi Heavy Industries 

NFI : Nuclear Fuel Industry 
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BR3 type fuel rods or PWR and BWR fuel rod 

segments as well, i.e., 9.5 to 13.5 mm in 

diameter and up to 1 meter in length. The 

basket is designed for the loading of rods 

from the top or from the bottom end of the 

rig. It will be possible to measure the 

diameter of the rod in this capsule during 

the shut-down of the reactor. 

Two interchangeable suspension tubes are 

provided for this capsule. The former is 

called C.I. (Central Instrumentation) and is 

intended for a rod with instr .mentation, 

e.g. a thermocouple, a fission gas pressure 

sensor. The latter is called E.M. (elonga

tion measurement) and is intended to detect 

rod failure by the sudden modification of 

the rod length. 

The availability of this capsule is sche

duled in 1989 for type C.I. and in 1990 for 

type E.M. 

1.1.5. In-Pile Hater Test Facility for the 

BR2 Reactor 

(P. Vanderstraeten, A. Falla) 

A pressurised water loop is being 

designed for the irradiation testing of 

light water reactor fuel in the BR2 reactor. 

The main objectives of the irradiation 

facility are : 

Burn-up accumulation in fuel rod 

clusters (possibly pre-irradiated in an 

other reactor) with experimental condi

tions representative for PWR-reactors, 

mainly with respect to neutronics, 

pressure, therroo-hydraulics, water 

chemistry : these rods are further used 

in power transient or ramp tests in the 

BR2 reactor using single rod capsule 

(see par. 1.1.it.). 

Water reactor safety testing (e.g. 

coolant flow and pressure disturbances, 

failed rod and fission product transport 

tests). 

Testing of materials and components for 

a water cooled blanket of fusion 

reactors. 

The principal features of the design are : 

The installation can be divided in the 

following main parts : 

a. The in-pile double-walled pressure 

vessel, located in through loop 

channel of the reactor. There may be 

three in-pile sections. 

b. The irradiation test train with fuel 

rod cluster. 

c. The out-of-pile equipment with the 

main coolant loop and auxiliary 

systems, mainly located in the BR2 

sub-pile room. 

For the in-pile section (IPS), two 

options are possible : 

a. Parallel irradiation a fuel rod 

clusters containing up to nine fuel 

pins, in different reactor channels 

of 85 mm diameter. Up to three 

in-pile sections can be irradiated in 

parallel with a common out-of-pile 

equipment. 

b. Single irradiation of one big fuel 

rod cluster composed of thirty-six 

fuel pins in a 0 200 mo reactor 

channel. 

Other features of the irradiation 

facility are : 

a. Fuel rod clusters loading or un

loading operations are performed from 

the top of the IPS. Connections to 

the out-of-pile equipment (main 

coolant loop, auxiliary systems, 

instrumentation proper to the loop 

device) are situated at the IPS 

bottom. 

b. Fuel rods with a length up to 4000 mm 

can be loaded in the IPS. 

Also pre-irradiated fuel rods can be 

loaded in the IPS. 

c. The IPS normally stays in the reactor 

channel and can be used for several 

successive irradiation campaigns with 

different fuel rod clusters. The IPS 

can possibly be moved to another 

reactor channel as well. 
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Typical operating conditions are : 

coolant pressure : up to 160 bar 

coolant temperature : up to 335°C 

coolant velocity in the 

fuel rod cluster : 3 à 4.5 m.s 

linear rod power : 200 à 300 W.cm 

(at hot-plane) 

The time schedule is as follows : 

1988 : detail design study and order of 

long delivery components 

1989 : construction and installation in 

BR2 

begin 1990 : irradiation facility 

available for tests 

1.2.FUEL ASSEMBLY OUT-OF-PILE TESTS 

(S. Bodart, R. Oris) 

On behalf of a fuel manufacturer, a PWR 

16 x 16 Biblis advanced type fuel assembly 

will be subjected to hydraulic tests in 

pressurised water test facility ETL. As 

preparation for the test campaign a new 

guide tube for the test channel was designed 

and is now under fabrication. The tests are 

scheduled in raid-1988. 

1.3.IRRADIATION OF PRESSURE VESSEL STEEL 

(V. Massaut) 

In the frame of a pressure vessel 

surveillance programme coordinated by the 

IAEA and by Electronucléaire for Belgium, 

the irradiation of pressure vessel steel 

samples (Charpy V-notch) has been prop ;ed 

in the BR2 reactor. The critical point of 

the irradiation specifications is the 

restricted allowable temperature gradient in 

the samples, which requires a limited 

nuclear heating (smaller than 1 W/g) in the 

irradiation channel, however still with a 

sufficient fast neutron flux. Several 

dosimetry measurements ;.n the BR2 reactor 

have shown that the specified conditions 

could be met in some reflector channels. The 

irradiation rig named VESTAL (Vgssel SJ.ee 1 

and Alloys) has been preliminary designed 

for 32 steel samples encapsulated in a 

matrix of similar material as the samples, 

and swept by an inert gas. The matrix 

elements are stacked in a stainless steel 

thimble, cooled outside by the BR2 primary 

water. 

1.4.SAFETY 

(B. Arien, D. Lamy) 

The activities in Probabilistic Risk 

Assessment (PRA) studies were reinforced by 

the assignment of a supplementary engineer 

to this task. The last period was mainly 

devoted to the initiation of this engineer 

in the techniques of PRA. 

A program for graphic and interactive 

construction on screen of hydro-mechanical 

or electrical circuits has been developed 

with a view to facilitate and automatise the 

definition of systems, analysed in relia

bility and PRA studies. This very flexible 

tool allows not only the graphic represen

tation of a circuit but also the storage on 

disk of its logical characteristics. More

over it can be utilised for other purposes 

than reliability applications. 

The collection of information and data 

related to the shutdown system of BR2 has 

been started in order to perform a relia

bility analysis of this system. 

The operating license of SCK/CEN re

quires a safety study assessing the con

sequences of accidents of external origin 

occurring on the site, mainly aircraft 

crashes, explosions, fires and earthquakes. 

Most of the technical aspects of this study 

were committed to an outside engineering 

company. The necessary input information 

and data, the follow up and the coordination 

of the work are insured by SCK/CEN. 

2. FAST NHRRCN REACTORS 

The FARFADET experiments, set-up for 

studying the fuel behaviour at begin of life 

(BOL), proceeded with the irradiation of the 

last four rigs (containing each 2 test 

pins). Gamma scanning of the short lived 

isot pes was carried out immediately after 

irradiation. 

http://SJ.ee
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In the field of fast reactor safety, the 

main effort was placed on the construction 

of three in-pile test loops, namely MOL 

7C/6, MOL 7C/7 and PIRAMID 2. Assembly of 

the complete sodium circuit of MOL 7C/6 was 

completed and also the fuel pins were 

qualified for the 30 pin test bundle. 

Irradiation of this loop is scheduled in the 

first half of 1988. For MOL 7C/7, fabri

cation of the components was carried on and 

supporting tests were performed on a hy

draulic mock-up of the test section to 

optimise the internal sodium flow distri

bution. Irradiation of this experiment is 

planned for early 1989. 

With regard to the PAHR programme, the 

loop PIRAMID 1 was dismantled and the 

irradiated crucible with the debris bed 

neatly recuperated. The installation for the 

vacuum distillation of the sodium and the 

resin impregnation of the bed has been 

constructed and tested. For PIRAMID 2, 

testing on the filling of the particle bed 

was re-focused ' on the formation of a 

homogeneous bed instead of a stratified one. 

This turn in the project caused serious 

delay to the further assembly of the loop, 

so that irradiation is now foreseen in the 

second half of 1989. 

The novel in-pile loop SOLISTE, origi

nally conceived early 1987 in the framework 

of fast reactor saiety (control rod with

drawal experiments), has also attracted 

considerable interest to perform off-normal 

and transient tests on pre-irradiated fuel 

pins. Interest was marked by KfK, BELGO-

NUCLEAIRE and also SCK/CEN in the scope of 

the working group AGT1. 

2.1.MIXED OXIDE FUEL IRRADIATIONS 

2.1.1. FARFADET irradiation experiments 

(H. Beckers) 

FARFADET (FAst Reactor Fuel Analysis and 

DEsign Tests) is a SCK/CEN project in BR2 

aiming at the analysis of fuel pins under 

LMFBR start-up conditions. The objective is 

to examine the kinetics of the central hole 

formation, its impact on the Pu-redistri-

bution, the fission product migration and 

its influence on the early inner corrosion 

of the cladding tube. This programme in

cludes the irradiation of six FARFADET rigs. 

Two fuel rods are placed in one irradi

ation rig, made up of a copper cross filled 

with sodium-potassium mixture (NaK) and sur

rounded by a cadmium screen. The FARFADET 

rigs are loaded inside a BR2 fuel element 

with five fuel plates. 

The thermal analysis after irradiation 

in the reactor BR2 was carried out for 

FARFADET 1 and 2 during the reported period. 

This was done with the finite element code 

CA.ST.OR BE-2D/TE. Figure 2.1.1. shows the 

radial temperature distribution across the 

capsule (at raid height of the fuel stack, 

assuming a perfectly centred copper cross. 

Four FARFADET rigs were irradiated in 

BR2 during the reported period : FARFADET 3 

and h in cycle 10/87 B (end of September 

1987) and FARFADET 5 and 6 in cycle 12/87B 

(November 1987). 

The gamma scanning of the short living 

isotopes was carried out immediately after 

the irradiations. The analysis of the 

irradiation, the dismantling and the PIE are 

planned for 1988. 

2.2.CORE MATERIALS IRRADIATIONS 

2.2.1. ISIS 2 & 3 Irradiation devices 

(R. Oris) 

In the irradiation devices ISIS 

(Irradiation of Subsized Jmpact Samples) 

impact specimens will be used in the scope 

of the ferritic steel programme. 

All parts for the construction of the two 

in-pile rigs are available. Assembly of the 

two rigs will start after supply of the test 

specimens. The fabrication of these speci

mens can only begin after obtaining the 

results of some out-of-pile tests (first 

half of 1988). For the devices ISIS 2 and 3, 

the necessary out-of-pile equipment has been 

adapted and preliminary reception tests 

terminated. 
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2.3.FAST REACTOR SAFETY 

2.3.1. In-pile sodium flow disturbance 

tests 

The MOL 7C pfject * 

H. Beckers, R. Catteeuw, 

C. Decloedt, M. Decreton, 

G. Geboers, J. Leunen, A. Verwimp, 

G. Vanmassenhove) 

The MOL 7C loop is designed for the 

irradiation and testing of a fuel pin 

bundle. The effect of pin failures as a 

consequence of local boiling and subsequent 

dry-out in a blocked area is investigated. 

Fuel bundles of 30 pins with 6 mm diameter 

(SNR 300-Mark I) or 19 pins with 7.6 mm 

diameter (SNR 300-Mark II) can be loaded. 

The bundle contains a porous local blockage. 

Five experiments have been performed 

over the period 1977-1984. 

A sixth experiment (MOL 7C/6) with high 

burn-up fuel pins (94.2 GWd/tM) will be 

performed in the first half of 1988, while 

an experiment (MOL 7C/7) with a wall 

blockage is planned early 1989. 

2.3.1.1. Exp_eriments_with_6_mm_diameter_gins 

a. Experiments with fresh fuel pins (MOL 

7C/1, 2, 3) 

In 1987 no further post irradiation 

examination (PIE) on these experiments 

took place. 

b. Experiments with pre-irradiated fuel 

pins 

(MOL 7C/4, 5, 6) 

MOL 7C/4 (48 GWd/tM) and MOL 7C/5 (17.5 

GWd/tM) 

No further PIE nor analysis of experi

mental data was done. 

MOL 7C/6 (94.2 GWd/tM) 

The assembly of the test train was 

completed. All instrumentation has been 

connected to connectors at the top of 

the test train. 

The major part of the in-pile section 

including the complete sodium circuit 

has been assembled. All instrumentation 

and heating elements have been connected 

and tested. The sodium loop is now ready 

for being inserted in the pressure tube. 

In July 1987, irradiated KNK II fuel 

pins were sent to SCK/CEN. Fifty pins 

were pre-selected for MOL 7C/6 by 

KfK-Karlsruhe. After cleaning and 

further decontamination in the BR2 hot 

cells, the pins were subjected ta a 

series of qualification tests. Qualifi

cation results are given in table 2.3.1. 

The diameter of the upper end plug weld 

of some pins was too large. For these 

pins the weld was milled to a diameter 

of 6.045 mo. On these pins a new leak 

tightness test was done. 

The results of the qualification tests 

can be summarised as follows : 

24 pins are suitable for being loaded in 

the inner or second row of the bundle 

14 pins are suitable for the outer row 

9 pins were rejected 

6 pins were cleaned but not subjected to 

the qualification tests. 

Compared to the previous MOL 7C experi

ments, the capabilities of the digital 

recording of test data have considerable 

be enhanced. The system comprises two 

identical computers with a 120 Mb disc 

and a tape unit each. Continuous recor

ding of the transient data at high 

acquisition speed is possible. The 

system has been modified and is now 

being checked. 

The possibility of performing "y-spectro-

raetry measurements of the sodium in the 

expansion tank to determine the source 

term is being investigated. A detector 

will be placed in front of the expansion 

tank. The fission products circulating 

with the coolant (in case of pin 

failure) will be scanned. The colli

mators to be installed betvesn Lhe 

in-pile section and the détecter are 

under design as well as the supporting 

structure for the detector. 

* in collaboration with KfK-Karlsruhe and 

JRC-Ispra 
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Table 2.3.1. Results of qualification tests of NOL 7C/6 pins 

Tests 

Visual inspection 

Control with gauges .0 6.07 -length 10 mm 

.0 6.085-length 40 mm 

Test with mock-up of bundle 

blockage position 

outer row position 

Test with mock-up of the transition 

test train - loading mechanism 

Leak tightness 

Neutronography 

Number of pins 

tested 

50 

26 

23 

14 

36 

22 

12 

rejected 

3 

3 

2 

1 

2.3.1.2.fxEerifent_with_7i6_mm_diameter 

pins 

(MOL 7C/7) 

The MOL 7C programme will be extended in 

order to include testing of larger diameter 

fuel pins (diameter : 7.6 mm, pitch : 8.8 

mm). A blockage will be installed in contact 

with the hexagonal wrapper tube. Special 

attention will be paid to the melt through 

of the wrapper tube and the potentiality of 

further propagation. Therefore, the hexa

gonal wrapper tube will be surrounded by a 

sodium gap, simulating the gap between the 

neighbouring subassemblies. Due to the delay 

in the sodium pump delivery, the major part 

of the assembly of the in-pile section is 

delayed until 1988. Delivery of the pumps is 

scheduled by mid-January 1988. The fabri

cation of components has been carried on. 

Considerable supporting research and 

development was carried out. In SCK/CEN the 

appropriate inlet geometry of gap and 

by-pass is being determined experimentally 

in order to have the specified flow rate 

distribution over bundle, gap and by-pass. 

In KfK-Karlsruhe the assembly procedure of 

the test bundle, including the spacer grids, 

the blockage, the instrumentation and the 

wrapper tubes, was determined. The BACCHUS 

code was modified into a 3-D version. This 

version is being used for the calculation of 

the local blockage temperature distribution. 

2.3.2. The Post Accident Heat Removal 

(PAHR) safety experiments 

(R. Catteeuw, C. Decloedt, 

M. Deereton, J. Dekeyser, 

Ja. Dekeyser, W. Detavemier, G. 

Geboers, J.L. Génicot, Ch. Joly*, 

J. Leunen, R. Oris, M. Soenen, 

A. Verwimp) 

The European PAHR programme, coordinated 

by JRC-Ispra, comprises three in-pile test 

sections to be assembled and irradiated in 

the BR2 reactor with the aim of studying the 

long-term coolability of a core debris bed 

in sodium with internal heat dissipation. 

The debris bed is assumed to have formed 

during a hypothetical severe accident in an 

LMFBR when molten stainless steel and fuel 

are quenched in liquid sodium to form small 

particles of stainless steel and fuel that 

settle on horizontal surfaces into a matrix 

known as a debris bed. A main objective of 

the experiments is to develop validated 

models tc describe the behaviour of such a 

core debris, important for the design of a 

LMFBR internal core catcher. 

>'< BR2 Department 
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An integrated test facility labelled 

"PIRAMID" (PAHR IRradiation According to a 

Mol Integrated Design) is used to perform 

the experiments that are gradually up graded 

in complexity. PIRAMID 1 is most important 

to observe the PAHR phenomena till extended 

sodium dry-out situation. PIRAMID 2, with 

U0 2 and stainless steel, will be used to 

observe the stainless steel (SS) melting. 

PIRAMID 3 will allow for partial U0 2 melting 

in the debris bed. 

The experimental results will be 

combined with the results of the PAHR 

experiments made by SANDIA (USA) and by 

CEN-Grenoble (F), the last ones being also 

made in the framework of the European 

programme. 

2.3.2.1. PIRAMID.1 

The loop PIRAMID 1 has been irradiated 

in BR2 in November 1986. 

a. Loop dismantling 

In November 1987 the PIRAMID I loop was 

prepared for transfer to the BR2 hot cells. 

The latter operation was done on 18.11.1987 

and the dismantling started on 19.11.1987. 

The crucible containing the debris bed under 

sodium was recuperated on November 30, and 

is stored under argon in the hot cells. The 

last cut in the dismantling operation of the 

loop was done on December 15. 

The following observations are note

worthy. No major difficulties were en

countered during dismantling. The thermal 

radiation shield and the crucible were 

neatly recuperated from the loop and 

separated from each other. No damage was 

found on these items. The difficult cuts 

through the crucible wall and the sodium 

pool above the bed and the cuts through the 

NaK cover gas tubes were smoothly done. 

b. Conditioning of the debris bed for PIE 

The procedure for the vacuum distilla

tion of the sodium and resin impregnation of 

the bed is discussed in par. Z.i.l.U. These 

operations are scheduled for early 1988. 

2.3.2.2. PIRAMID_2 

a. Tests on UO2 and stainless steel par

ticle bed filling 

A plexi crucible has been filled with 

eleven layers of a UO2 (natural U)-

stainless steel mixture of different 

composition. The porosity variation over 

the height of the crucible was deter

mined via neutron transmission measure

ments near the BRI reactor. The measured 

results did not meet the expectations. 

Therefore it was decided to focus 

further work on the formation of a 

homogeneous bed instead of a stratified 

one. 

JRC-Ispra will perform further tests on 

the matter of bed formation. 

As the porosity of some of the indivi

dual layers differed from the antici

pated value it was decided to re-charac

terise the particle size distribution of 

the available .stainless steel and UO2 

for the formation of the bed. Sieving of 

the stainless steel particles was 

finished by the end of the year. 

b. Loop assembly 

The lower circuit was completed by the 

mid of the year. The large components of the 

upper circuit (expansion tank, pumps and 

heat exchanger) have been welded together. 

Instrumentation and heating wires have been 

fixed along the circuit. 

Further loop assembly is only possible after 

the filling of the crucible with UO2 and 

stainless steel. Due to the problem of bed 

filling, construction of the loop is 

seriously delayed. 

2.3.2.3. PIRAMID3 

Loop assembly 

The expansion tank and the heat 

exchanger of the lower circuit are welded 

together. Fixation of instrumentation and 

heating wires on this part of the loop is 

being done. 
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2.3.2.'t.Sodium removal f rom_the_ irradiated 

crucibles 

Since mid 1986 different tests were 

carried out to check the feasibility of the 

vacuum distillation technique for removing 

the sodium from the irradiated debris bed of 

the European PAHR experiments. 

In the last period more realistic tests with 

UO- particles were carried out in the 

definitive distillation vessel. It was found 

that after severe oxidation of the sodium at 

the free surface (with formation of NaOH and 

NaH), satisfactory distillation can still be 

obtained. This requires intermediate vacuum 

pumping at the high working temperature 

during a few minutes so as to reduce the 

absolute pressure to about 0,5 mbar above 

the actual sodium vapour pressure. The 

distillation will then start without further 

vacuum pumping when the temperature is just 

increased a little (20-30°C). 

Impregnation of the distilled mock-up beds 

with epoxy, were subsequently done in the 

definitive installation (according to a 

previously tested procedure). 

Cuts performed on the impregnated glass 

filled bed and the UO. bed indicate complete 

filling of all pores with epoxy and also 

sufficient sodium removal to allow easy 

cutting operations, needed for further 

microscopic examinations on reduced samples 

(see photo in Fig. 2.3.2.4.). 

The distillation and impregnation of the 

irradiated crucibles from the PAHR experi

ments being performed at SCK/CEN and CEN-

Grenoble ar? planned in January 1988. 

2.3.2.5. Pçst;Irradiation_analysis 

(D. Lamy) 

In collaboration with the Von Karman 

Institute, some constitutive relationships 

have been provided for the estimation of 

quantities like the bed absolute permea

bility, the relative permeability of each 

phase and the capillary pressure as func

tions of the bed and fluid properties, the 

liquid saturation and the bed structure. 

These constitutive relationships are 

necessary to interpret the experimental 

findings from both the in- and out-of-pile 

PAHR tests as well as for modelling purposes. 

Tests have shown that structural changes 

in the debris bed as a result of several 

types of disturbances during boiling, are 

very important and have a strong influence 

on bed coolability. This complex phenomenon 

is not yet fully quantified. 

2.3.3. Safety related transient irradiation 

in the BR2 reactor 

(J. Dekeyser) 

The concept of the innovative sodium 

loop SOLISTE has been presented in the 

previous progress report. The initial goal 

of this device was to carry out control rod 

withdrawal (CRW) experiments in the frame

work of fast reactor safety (coordinated by 

the AGT4 working group). Beside BR2, two 

other reactors (CABRI-Cadarache and 

HFR-Petten) have proposed to perform CRW 

tests. At the last safety working group 

(AGT4) meeting in October 1987, it was 

decided to set-up a task force to define a 

CRW test matrix before May 1988. 

It appears that SOLISTE has attracted 

considerable interest, not only for safety 

experiments, but also to perform off-normal 

and transient -.ests on fuel pins, previously 

irradiated in the French reactor PHENIX 

(e.g. SAPHIR and SNR Mark II fuel pins). 

These experiments pertain to reactor opera

tional incidents. From the side of KfK 

Karlsruhe, interest was marked for SOLISTE 

in the framework of the "operational tran

sients programme" (irradiations presently 

continued only in HFR-Petten). At a meeting 

between KfK and SCK/CEN, proposals for 

irradiation in BR2 in the loop SOLISTE have 

been discussed, together with the prelimi

nary cost estimate and cost sharing scheme. 

Furthermore, with regard to the SCK/CEN 

programne on ODS ferritic steel cladding, it 

was suggested to use also the loop SOLISTE 

for re-irradiation with power transients of 

fuel pins being unloaded from the reactor 

PHENIX. 
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FIG.2.3.2.4. 

CUT THROUGH A MOCK-UP U02 DEBRIS BED, 

IMPREGNATED WITH EPOXY 
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It is intended to carry out the detailed 

design of the in-pile section SOLISTE in 

1988. 

2.U.VIBRATIONS AND NOISE ANALYSIS 

(M. Decreton) 

The activities in the liquid metal 

breeder technology mainly covers the corro

sion problems in the presence of a magnetic 

field, the magnetohydrodynamic (MHD) be

haviour of liquid metal flows and the 

impurity monitoring. 

The coupling coefficient between 

adjacent assemblies in the SNR core 

model has been further studied. The 

vibration excitation technique has been 

improved in order to eliminate any 

abnormal movement or vibration mode. The 

instrumentation (displacement, force, 

pressure, acceleration) has been further 

characterised. The resulting signals are 

now in good coherence with the theo

retical predictions. The analysis is 

performed in collaboration with BELGO-

NUCLEAIRE. 

The noise characterisation of fuel pin 

h«.s been continued and an out-of-pile 

test bas been prepared with a geometry 

similar to the pressurised wate-

capsules used in the reactor. Corre

lation computations have shown the 

importance of mechanical vibrations and 

flow induced effects in the reactor. A 

detailed signal processing has been set 

up to filter away these noise compo

nents. The study will be performed in 

collaboration with BELGONUCLEAIRE for 

the in-pile tests and ECN-Petten for the 

out-of-pile experiments. 

After the last corrosion test in flowing 

lithium, in a 2 Tesla magnetic field, the 

loop MALICE has been converted to the 

utilisation of the eutectic liquid metal 

Pb-17Li (Pb83-Lil7 atom % ) , the reference 

liquid metal breeder for NET. After some 

modifications to the loop equipment, 1000 leg 

of Pb-17Li were loaded in the experimental 

circuit and the operation tests began in 

December 1987. Some plugging problems, 

probably due to residual lithium, had to be 

solved too. This facility is probably the 

largest forced convection Fb-17Li loop in 

Western Europe. From January 1988, it will 

be used for corrosion tests in a magnetic 

field. 

The results of the latest MHD isothermal 

pressure drop tests in an annular flow 

geometry were analysed and confirmed the 

theoretic predictions by numerical methods. 

The following experimental step will consist 

in heat transfer studies in the presence of 

a magnetic field : contacts have been taken 

with the Belgian universities in this 

respect to develop a theoretical model and a 

test section has been preliminary 

designed. 

3. FÜSIOM 

The activities in fusion reactor 

technology are related to the following 

aspects : 

liquid metal tritium breeder technology, 

i.e. lithium and Pb-17Li alloy; 

irradiation testing of materials in the 

BR2 reactor; 

a sensing device for the remote mainte

nance systems. 

Most of the reported activities make 

part of the Commission of the European 

Communities (CEC) tasks for the Next 

European Torus (NET). 

The theoretical studies of the impact of 

the magnetic field on the NET liquid metal 

breeding blanket have been carried on, i.e. 

the applicability of the core flow solution 

(in collaboration with the University of 

California - UCLA) in non-uniform magnetic 

field regions, the convtrfive heat transfer 

(in collaboration with KUL) and the tritium 

transportation through the liquid metal 

breeder. 

For the impurity monitoring in Pb-17Li, 

performance tests have been continued on the 

electrolyte cell system using a zirconia 

based solid electrolyte. Prototype cells for 

measuring 0. and Li concentration in Pb-17Li 

have been built and will be tested in the 

natural convection Pb-17Li loop LELI. 
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Out-of-pile compatibility tests of 

ceramic tritium breeders (Li.SiO- and 

Li, SiO,) with structural materials 

(austenitic and martensitic stainless 

steels) have been continued on behalf of 

Belgian and German manufacturers. 

The feasibility study of a Pb-17Li 

irradiation device for the BR2 reactor has 

been completed wi. a theoretical model 

development of the tritium transportation in 

the in-pile capsule, taking into account the 

natural convection and diffusion effects and 

the tritium release into the cover gas. The 

detailed design of the tritium handling 

out-of pile equipment has been carried on. 

This equipment can be utilised for liquid or 

ceramic breeder irradiation testing. It 

could be used for controlling and measuring 

the tritium release of an irradiation rig 

containing an aqueous lithium salt solution 

as presently proposed for the NET breeding 

blanket. 

For the in-pile fatigue testing of 

structural materials (presently austenitic 

steel), the construction of the in-pile 

fatigue rig FAFUMA 3 has been continued. In 

order to perform similar fatigue tests in 

out-of-pile conditions to discriminate the 

neutron effects on fatigue behaviour, an 

identical rig is presently operated until 

sample rupture. Another rig called MASTER is 

built for the irradiation of martensitic 

steel samples which will be tested after 

irradiation under fatigue in a hot-cell 

facility. 

In the scope of the remote maintenance 

of MET, different proximity sensing systems, 

i.e. eddy current sensors, electromagnetic 

impedance sensors, laser triangulation 

sensors, have been explored and tested under 

laboratory conditions. For the laser appli

cation, a market survey is under way to find 

the adequate radiation and temperature 

resistant optic fibres. A gamma irradiation 

is being corxeived with on-line monitoring 

of the optic fibre characteristics. 

3.1.LIQUID METALS 

3.1.1. Impurity monitoring in Pb-17Li 

eutectic 

(Ja. Dekeyser) 

After three test campaigns with a 

Li-sensor in static Pb-17Li the following 

conclusions can be drawn from the experi

mental results. A prototype lithium activity 

measuring cell has been successfully exposed 

to Pb-17Li for more than 3000 hours without 

apparent material degradation cells 

exposed to different lead-lithium blends 

yield stable signals, have a quick response 

and the EMF values are in reasonable 

agreement with literature data. 

A prototype of this Li-sensor, shown in Fig. 

3.1.1., has been constructed. 

Several of these prototype Li-sensors will 

be installed in the natural convection loop 

LELI for long term dynamic measurements. 

For the oxygen sensor in lithium-lead, 

the following conclusions can be drawn from 

the experimental data obtained during 

different long term tests. 

No attack of zirconia based solid 

electrolyte has been found after ex

posure in Pb-17Li for more than 2000 

hours. Tube fracture, mostly occurring 

after short exposure times (+ 100 

hours), is probably due to improper tube 

fabrication. 

A long term corrosion test in dynamic 

Pb-17Li (LELI) should be performed to 

confirm the stability of this types of 

solid electrolytes. 

The stabilised zirconia cells, with 

In/In-O. and Sn/SnO, as reference 

material, yield EMF values which are 

reproducible in time and from one sensor 

to another. However, sensors filled with 

Cr/Cr-0- reference material are not 

reproducible, presumably due to the high 

contact resistance with the solid 

electrolyte. Impedance spectroscopy 

should evidence the reason for this non-

reproducibility. 
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Tho r. ire o n a based s o l i d o l e o t n ly te 

sensor shows some dovi.it ton t'ror tho 

predicted curves at tho lower tempera

tures because of tho rather narrow ionic 

raiigo and lower conduct i v i t v of tho 

s o l i d e l e c t r o l y t e . 

<. 1..' • Study of l i g a id metal f lows in a 

magnetic f i e l d environnent 

Tito tiso of l iquid not.il brooders in .1 

fusion n w t o r blanket system requires the 

evaluation of v.irions e f f e c t s of the 

magnetic f i e l d on t'te l iqu id met.il be

haviour. The forced ironl.it ion loop MAI. I OK 

is used for the expérimenta 1 study of the 

influence of .1 strong unknot, ic f i e l d on 

l iquid met.1l corrosion and for the study of 

l iquid root.il magnetohydrodynamics. Tho loop 

has been operated s i n c e May logs with pure 

lithium during s» s 00 hours. It Itas been 

' i l l o d in IVeeabor l^S/ for the f i r s t time 

with the eut ec t i c a l l o y t'b-l7l,i vatom ^ 

rw. ' - i . i in . 
In addit ion to the experimental work, 

theore t i ca l s tud ies of magnet ohydrodynamic 

flows are a l s o carried out and contr ibute to 

tho design of b.ankot system» for NKT. 

». I . . ' . l -Kxter iroontal l i i ju id _roetal__magneto 

(.1.1.. Walnier, .la. IV lcyser l 

The second s e r i e s of MHP experiments 

carried out with pure l ithium ii. the loop 

MAl.U'K concerned flows in annular geometries 

in the presence of a transverse magnetic 

f i e l d . 

The t e s t s e c t i o n was the same as for the 

previous t e s t s (V Sell <»0S} but three ducts 

were s u c c e s s i v e l y inserted into i t t .1 obtain 

the Annular geometries . The inner ducts were 

f i U e d with argon and plugs welded at both 

ends to prevent the entrance of l i th ium. The 

three inner ducts had the dimensions : 1" 

Sch 10S, 1" Sch lbOS, '.'." Sclt 80S. 

The main conclus ions of the t e s t s r e l a t e to 

the comparison with the numerical predic

t ions obtained in the uniform magnetic f i e l d 

using the f i n i t e element method : 

''• the numerical pred ic t ions of the pres

sure losses are c o r r e c t , as shown in 

f igure * . 1 . . \ I . for the case of the .« 

annular geometry: a i s V d i f f erence i s 

obtained between p r e d i c t i o n s and meas

urements : t h i s was already observed in 

ordinary c i r c u l a r goorootries and is due 

to inaccuracy in the knowledge of the 

wall conduct.-wee r a t i o . Measurements of 

the s t a i n l e s s s t e e l e l e c t r i c conduct i 

v i t y in the temperature range *»OO-sO0"C 

are now carr ied out . 

* the magnitude of the e l e c t r i c p o t e n t i a l s 

measured on 'he t e s t s e c t i o n wall i s in 

agreement wi th the p r e d i c t i o n s . Their 

dist t'ibttv ion around the t e s t s e c t i o n 

must bo measured more accurate ly to 

bet tor p r e d i c t the internal features of 

the f low. More e l ec t ro des Itavo been 

provided for the next t e s t s . 
rt .1 reasonably good approximation for the 

pressure l o s s e s at the entrance and ex i t 

of the magnet i s obtained by in tegrat ion 

of c a l c u l a t e d values for f u l l y developed 

f lows . 

During the next t e s t i n g campaigns in 

P b - l / l i , some of the measurements already 

made in jure l i thium w i l l bo repeated with 

three main purposes : 

* confirm the cause of tho i s % d i f f e r e n c e 

observed in the uniform magnetic f i e l d 

between predicted and measured pressure 

l o s s e s . 

>* measure .1 more accurate e l e c t r i c poten

t i a l d i s t r i b u t i o n in the uniform mag

n e t i c f i e l d and thereby obtain conf i r 

mation of the internal features of the 

flow predicted by the numerical method. 
ft detect a p o s s i b l e d e t e r i o r a t i o n of the 

e l e c t r i c contact between the l iqu id 

metal and the wall during a longer 

experiment. 

.*. I..'..'.. MASS_ t rans fer .experiment s 

(.la. Dekoyserl 

During the second half of U>H/ the loop 

MAl.K'K lias been converted from lithium to 

the quA-.i-eutee; ic l iquid metal l 'b - l / l . i . 

Thin modi f i ca t ion was dec ided, as the 

Hb-1/Li a l l o y i s a reference l iqu id metal 

breeder s e l e c t e d for NET. 

Some a l t e r a t i o n s of the loop were done 

http://dovi.it
http://not.il
http://met.il
http://ironl.it
http://met.1l
http://root.il
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prior to this iperation : 

replacing the preheating elements on the 

pressure measuring tubes, 

reinforcing the suspension of the loop 

components because of the high density 

of Pb-17Li (+ 10 kg.dm"3), 

improving the thermal isolation of the 

electromagnetic pumps because of the 

higher melting point of Pb-17Li (235°C) 

versus 183°C for Li, 

cleaning of the dumptank with water in 

order to remove all lithium residue. 

After these modifications the loop was 

ready to receive the Pb-17Li from the 

special melting tank. This tank, with the 

Pb-17Li content, had been supplied by a 

specialised firm. First filling of the loop 

was done begin of December 1987. Some 

difficulties occurred during the filling 

operation, as a consequence of the residual 

lithium remained on the walls of the loop 

after previous dumping of the lithium. Plugs 

with a high melting point were formed in 

some valves and the temperature had to be 

raised till 500°C in order to remove the 

obstruction. This indicates that the 

composition of these plugs is close to the 

equi-atoraic LiPb compound, which has a 

melting point of it82°C (755 K) (see fig. 

3.1.2.2. : LiPb phase diagram). 

When all the obstructions in the main 

loop were dissolved the maximum flow in the 
3-1 3-1 

loop was about 1 a h (instead of 8 m h 

for lithium) with the same two electro

magnetic pumps in series. 

The flowmeters showed a direct response due 

to the good wetting of the wall obtained 

during the previous campaigns with lithium. 

During the next period a corrosion experi

ment at 500°C in a magnetic field of 2 Tesla 

will be run for 2000 hours. 

3.1.2.3.Bl§nket_design,studies 

(J.L. Walnier) 

The theoretical and numerical liquid 

metal blanket studies undertaken in the 

scope of the CEC fusion programme comprise 

three aspects : 

liquid metal magnetohydrodynamic flow 

studies; 

heat transfer in liquid metals in the 

presence of magnetic fields; 

mass transfer of tritium in liquid metal 

blanket systems. 

Progress was made in this period in the 

following aspects : 

a. MHD flow studies : numerical studies 

based on the treatment of the "core 

flow" equations had been undertaken in 

the previous period in collaboration 

with the University of California - Los 

Angeles (UCLA). The development of a 

code to treat MHD flows in rectangular 

ducts transverse to magnetic fields 

varying in the space has been completed. 

Figure 3.1.2.3.a. shows a velocity 

profile, in different cross sections of 

a recta^gwlar duct, boundary layers 

excepted, at. the exit of a uniform high 

magnetic field region : the velocity 

profile appears to be quite distorted, 

with high velocities near the walls and 

reversed flow in the centre of the duct. 

The development of this code was a first 

step in the application of the core flow 

approach : future applications are 

envisaged with the collaboration of 

universities. 

b. MHD-heat transfer studies : the effect 

of a magnetic field on heat transfer in 

liquid metals is poorly known; the 

assumption that all convection streams 

would be blocked by a strong magnetic 

field seems quite oversimplifying. 

Studies are undertaken in this field in 

collaboration with KUL and comprise a 

numerical part and an experimental part 

in the loop MALICE. To maximise the 

output of the work, it has been decided 

to concentrate both numerical and 

experimental efforts on the study ot the 

same geometry : a rectangular cavity of 

high aspect ratio with one vertical 

heated wall and the opposite wall cooled 

: Figure 3.1.2.3.b shows an horizontal 

cross section of the proposed test 

section and figure 3.1.2.3.C shows the 

displacements and stresses calculated in 

the test section in plane strain analys

is. 

c. Tritium transport in liquid metal 

blankets : the studies are concentrated 

on the quasi static Pb-17Li system 
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cooled by pressurised water, proposed 

for NET. The tritium production, 

diffusion and entrainment in the liquid 

metal flow, and the tritium permeation 

to the cooling water are analysed using 

the finite difference code TRIT. Some of 

the obtained results are : 

* the ratio of the tritium permeation 

over the tritium production amounts to 

8 to 16 %, depending on the blanket 

module type and position in the 

blanket; 

* the impact of the following parameters 

on the permeation rate has been 

assessed : 

- the uncertainties of the diffusivity 

and solubility constants, of tritium 

in Pb-17Li and of the permeability 

constant of tritium in stainless 

steel, 

- the design features : the liquid 

metal recirculation rate, the liquid 

metal purity at the entrance of the 

blanket, the temperature, stagnant 

liquid metal zones. 

Figures 3.1.2.3. d to f show some of 

these results. 

3.1.2.<».Thermal Transient Anemometer 

(J.L. Walnier, Zhang Jinzhao ) 

Local velocity measurements in liquid 

metals are still quite difficult to perform. 

Due to the importance of these measurements 

in the MHD heat transfer tests, the develop

ment ci an anemometer suitable for use in 

lithiui.1 or lithium-lead has been started. 

The system, called a thermal transient 

aneroome er, consists in a probe immersed in 

the flui>- flow and heated by short current 

pulses. Based on the measurement of the 

temperature decay of the probe, the local 

velocity of the fluid can be calculated. The 

theoretical model to h s used for this 

calculation has been derived and a computer 

programme based on the model is under 

development. Initial prototype tests with a 

simple system have shown that the principle 

it correct and that the system is practical 

* Trainee : Xi'an Jiaotoig University -

People's Republic of China 

and feasible. Further tests under different 

conditions are planned in a water loop to 

verify and improve the model and che 

system : the required test section is under 

preparation as well as the data acquisition 

and processing system. The decision to use 

such an anemometer in liquid metals will 

depend on the results of these tests in 

water. 

3.1.3. Corrosion and technological tests 

The test run in the Pb-17Li loop LELI, 

started in March 1987 for W O O hours at a 

maximum temperature of M)0°C, was ended in 

December 1987. 

The samples of the ferritic and austenitic 

steel will be dismantled, cleaned and send 

to the Metallurgy Department f-Jr metallurgi

cal examinations. 

In the next period the LELI-lo--ip will be 

used for impurity measurements rvunely for 

Li- and 0- .determination in the Pb-17Li. 

3.1.U. Irradiation of liquid breeding 

materials 

(Ph. Benoit, J. Dekeyser, A. Falia, 

0. Jaquet**) \ 

In-pile section 

The geometry of an in-pile Pb-17Li 

capsule of the pre-design study, has served 

as a model for a theoretical tritium trans

port analysis. It comprises the physical 

modelling and numerical solution of the 

tritium transport equations in a cylindrical 

Pb-17Li capsule, taking into account : 

atomic Ti diffusion in the liquid metal, H 

removal in the cover gas, Tl permeation 

through the capsule wall and natural convec

tion in the liquid metal. Practical cases 

were calculated for the steady state con

dition. It appears that natural convection 

flows, although difficult to model, could 

drastically increase the speed of tritium 

removal and lower che tritium inventory 

within the Pb-17Li. It is intended to 

continue this work in 1988 with the emphasis 

on the effect of natural convection. 

Mi Trainee : Institut Supérieur Industriel 

de l'Etat - Brussels 
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Further design work on the in-pile 

section has been stalled, because of the CEC 

decision to postpone contracts for in-pile 

tritium removal experiments. A report on the 

pre-design of the irradiation rig is in 

preparation. 

Out-of-pile equipment 

Because of the potentiality of an 

accidental tritium release, the out-of-pile 

equipment is contained in three glove boxes 

connected to the ventilation system of the 

BR2 reactor building. The out-of-pile 

equipment is intended to o ntrol and measure 

.he tritium release, and maintain an 

adequate gas-composition, temperature and 

pressure in the rig. 

This equipment is contained in glove boxes, 

to guard against accidental tritium release. 

There are four gas circuits whose 

purposes are respectively : 

to sweep the inside of the breeder 

material capsule to remove the produced 

tritium; 

to sweep the outside of the capsule to 

remove the tritium permeation losses; 

to sweep the rig head and the connection 

hoses between the rig and the glove 

boxes (leak detection); 

to control the rig temperature by a 

helium-neon mixture. 

The detailed design is in progress ; the 

component layout in the glove box and the 

descriptive report are nearly completed. 

A gas purification system has been 

ordered and the actual tritium removal 

capability will be checked. A helium-

hydrogen mixture and tritium in trace 

concentration will be used as simulating 

gas. 

3.2.SOLID BREEDER MATERIALS 

3.2.1. Compatibility tests 

(R. Cris, A. Falla) 

The compatibility testing programme 

characterises the corrosion and mechanical 

behaviour of various candidate structural 

materials for the fusion reactor blanket, in 

the presence of ceramic tritium breeding 

materials and in a controlled environment 

(temperature 5S0°C and sweeping helium with 

250 vpm H, and 750 vpm H-O). 

Samples of breeding materials consist of 

Li2Si03 fabricated by SCK/CEN and Li^SiO^ 

fabricated by KfK. 

After 5000 hours of operation, the three 

test sections with the capsules of austeni-

tic steel (AISI 316 L) have been removed 

from the furnace. The capsules are examined 

in detail by the Metallurgy department. The 

campaign with the remaining three test 

sections with capsules of martensitic steel 

(W.Nr.l.WlA) continues until March 1988. 

The programme will probably be extended 

until mid or end 1988. 

3.3.STRUCTURAL MATERIALS 

(V. Massaut) 

3.3.1. Test of mechanical properties by 

post-irradiation examination 

Several programmes or "tasks" have been 

pursued in the frame of the European fusion 

technology research programme. The materials 

to be tested mostly concern the plasma 

facing components : the first wall, the 

divertor and the pumped limiter. These 

mat ruls are submitted to high thermal 

flux, high neutron flux and rather large 

mechanical loads. 

In order to study the influence of the 

neutron irradiation on the mechanical 

properties of the materials, several irradi

ation campaigns have been carried out or are 

prepared. 

After the two FAFUMA 1 & 2 (FAtigue on 

FUsion Materials) rigs, unloaded in 1985 and 

in March 1987 respectively, a similar rig 

called MASTER (for MArtensitic STEel irradi

ation Rig) is presently in preparation. It 

allows the irradiation of about 100 fatigue 

samples at two temperature levels (250°C and 

400°C) in the same rig. The samples are put 

in a liquid metal (eutectic NaK) bath. The 

hot section of the rig (NaK container with 

the samples) is assembled and the NaK 

filling done. The start of irradiation is 
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foreseen for the first half of 1988. 

3.3.2. In-reactor fatigue 

The irradiation device FAFUMA 3 in

vestigates the fatigue behaviour of stain

less steel samples during the irradiation. 

It is then possible to compare and correlate 

the post-irradiation fatigue tests with the 

in-pile fatigue tests. 

The rig contains two samples subjected 

to an alternate tension-compression load. 

Instrumentation monitors the applied load 

and the sample deformation. The cyclic 

mechanical loads on the samples are obtained 

by a cyclic gas pressure applied to metal 

bellows. 

A first module (the active part of the 

rig) for out-of-pile parallel tests has been 

assembled and filled with liquid metal 

(eutectic NaK). 

This module (see Figure 3.3.2.a.) is working 

at the same conditions (temperature, load 

amplitude, stress rate) as those of the two 

in-pile modules. The test will be complel&d 

(up to the rupture of the sample) in ~arly 

1988. The operation of the out-of-pile 

module has been satisfactory and if consi

dered as a test for the in-pile section. 

The two in-pile modules are assembled and 

calibrated ?nd the assembly of the in-pile 

rig is in progress. 

The mechanical and electrical assembly of 

the out-of-pile equipment is finished (see 

Figure 3.3.2.b.). Operational tests of the 

out-of-pile equipment have been delayed due 

to a temporary shortage of personnel. 

3 A.REMOTE MAINTENANCE 

(M. Decreton, F. Du Mortier, V. Massaut, 

R. Oris) 

The proximity sensing to be applied on 

the remote maintenance unit for the NET 

fusion reactor has been further studied. 

Particular attention has been put on three 

particular kinds of sensors : 

eddy current sensors 

laser triangulation sensors 

electromagnetic variable impedance 

sensors 

For each of them, laboratory tests are 

under way in order to assess their appli

cability to the NET environment. The use of 

remotely located signal conditioning elec

tronics and the adaptation of optical fibres 

for laser sensors have been analysed. 

For the gamma radiation and temperature 

detouriation of these sensors, a series of 

tests is foreseen in a representative 

environment. An irradiation rig named 

GASTAFIORE (GAmna irradiation of Sensors, 

Transducers And Fibre Optics for the REmote 

handling), to be used in the gamma irradi

ation facility of the BR2 reactor, is 

presently being designed and a market study 

of available optical fibres and fibre optics 

equipment is under way. The goals of these 

irradiation tests is the assessment of 

specific proximity sensors and connecting 

elements, especially optical fibres, for the 

NET manipulating boom. The gamma field will 

be up to 10 rad/h (10s Gy/h) and the 

evolution of the sensor characteristics will 

be followed on line during the irradiation. 

fc. M M MXXBAR PROGRAMMES 

The research and development work on the 

hydrogen production by water electrolysis 

come practically to an end by the delivery 

of a second industrial unit to a hydrogen 

customer and the technology transfer to a 

private company (Hydrogen Systems NV). 

A 50 m" solar collector field was installed 

on a sports hall of the municipality of 

Hulsho'it : this was the first pilot plant 

outside the site of SCK/CEN for the produc

tion of sanitary water and heating of a 

swimming pool. 

The construction of test benches for fuel 

cells for spice applications continued : the 

stand for testing single fuel cells was 

completed, while the fuel cell battery 

module test bench is under construction. 

U. 1.ADVANCED ALKALINE WATER ELECTROLYSIS 

(G. Geboers, E. Delarbre, 

D. Van der Eecken*) 

* Left SCK/CEN on 31.07.1987. 



FIG.3.3.2. a : FAFUMA3 

OUT-OF-PILE PARALLEL TEST 
MODULE. AND OUTER SAFETY TUBE 

TECHN. F1222 

FIC.3.3.2.b 

OUT-OF-PILE EQUIPMENT OF THE FAFUMA3 
IN-PILE FATIGUE EXPERIMENT 



93 -

4.1.1. General 

After a 10 years R & D programme on 

basic components of the IME (Inorganic 

Membrane Electrolyte) technology, latest 

SCK/CEN activities concerned with the 

optimisation of a 0.2 m' scale nodule and 

the development of this technology towards 

an industrially and commercially valuable 

hydrogen generator. 

4.1.2. Expérimental electrolysis testing 

The experimental test loop C0BELC0N wa«; 

designed for research purposes on multicell 

stacks with 0.2 m2 electrode surface. The 

largest monoblock that can be accepted in 

the test-stand contains 30 unit cells. 

Since the first hydrogen production at 

end of 1983, the COBELC0N loop has accumu

lated a total of 8462 electrolysis hours 

with 13 different stacks, under various 

testing conditions. 

The loop was shut-down in October 1987 

as no further testing programme is presently 

envisaged at SCK/CEN. 

During the year 1987 two test campaigns 

have been run : 

a long duration test (module n° 12) 

a run for efficiency measurements 

(module n° 13). 

Lone duration test (16.02.1987 

04.05.1987) 

The experimental conditions of this test 

run, performed with module n° 12, have been 

summarised in the previous progress report. 

It is recalled that this test was set up to 

gain long term experience with the latest 

reinforced IME membranes at increased 

current density, without electrode-membrane 

interfaces. 

Dismantling of the module on 07.09.1987 

showed small cracks on the membrane circum

ference at the area of clamping be twee 

structural rings. Two membranes showed 

cracks in the plain surface. Cracks are on 

the skin side of the membranes. The rein

forcing network in the membranes is intact. 

Test run (Sent. - Oct. 1987) 

To verify and assess the efficiency 

obtained on the H2 generator, a series of 

was done in the COBELCON loop with a 10 

cells module (module n° 13). 

The tests indicated that the Coulomb 

efficiency and the overall efficiency of the 

H 2 generator are influenced by the leak path 

currents in the module and by the wave form 

of the rectified current supplied to the 

module. The latter factor also influences 

the electrical efficiency of the trans

former-rectifier group. Further research on 

these parameters and development work on the 

module assembly may still lead to further 

improvement of the operating efficiency. 

4.1.3. Industrial applications 

During the reported period the indu

strial hydrogen production demonstration 

plant using the SCK/CEN technology was 

completed. The project started early 1986, 

within the framework of a contract between 

SCK/CEN and the CEC. 

During the testing period on the SCK/-

CEN-site the plant has accumulated a total 

of 103 hours of electrolysis with an average 

production rate of about 20 Nm /h H2 

(2000 Nm3 H2 in total). The tests have been 

limited to short test-runs of max. 8 hours. 

On 02.09.1987 the tests on the 

SCK/CEN-site were stopped and on 08.09.1987 

the hydrogen production plant was tran

sported to the customer (MHO Olen) by 

Hydrogen Systems NV. 

4.2.SOLAR ENERGY - THERMAL CONVERSION 

(P. Vandeplas) 

4.2.1. Collector manufacturing and selec

tive coating 

h series of 30 collectors has been built 

and installed on a sports hall at the 

municipality of Hulshout. During the assem

bly of the collectors some difficulties 

occurred, due to inaccuracies and careless 

construction of the absorber plates. 
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The necessity of quality control of the 

various components was cieariy demonstrated 

at this occasion. 

The use of standard copper pipes anu 

selective coating on the collector plates 

instead of the present design will lead to 

cheaper absorber plater with optimal 

selective characteristics. 

National d'Etudes Spatials (CNES) and 

European Space Agency (ESA), work has been 

done for the realisation of test benches for 

single fuel cells and for battery modules 

(duration tests). 

4.3.1. Pressurised single fuel cell test 

bench 

U.2.2. Industrial applicacions 

2 
As mentioned above the 50 m solar 

collector field has been installed at 

Hulshout and is operational (see Figure 

4.2.). Some difficulties, such as leaks 

at some absorber plates and the 

circuitry appeared during the in

stallation. Aft-ir the winter time the 

space around the absorber of the collec

tors will be evacuated again and filled 

with Krypton. The experience gained with 

this installation leads to some minor 

modifications at the collectors and the 

circuitry to make the installation more 

straightforward and more reliable. 

The net heat output of the collector 

field is measured continuously. 

A visit has been brought to a hotel in 

Spain to analyse the possibilities of 

installing a solar collector field on 

the roof of the hotel. The aim is to 

cool the building in summer time, to 

heat it in winter time and to provide 

the sanitary hot water. 

For Surinam, a tender has been trans

mitted for a pre-feasibility study to 

equip eight hospitals with solar 

collector fields to provide the hot 

water. 

k.3.FUEL CELLS FOR SPACE APPLICATION 

(G. Van Bogaert *, H. Verstappen "•'«, 

P. v'anders traeten) 

In the frame of the development of 

ELENCO alkaline hydrogen-oxygen fuel cell 

batteries for the space programme of Centre 

During the second semester of 1987, 

intensive functional testing and performance 

measurements have been executed en the test 

bench for single fuel cells. At Lne end of 

1987, all test units (10 single cells with 

an anode and cathode) operated successfully 

and the test bench was ready for the normal 

test program on fuel cell electrodes. 

4.3.2. Fuel cell battery module test bench 

Based o.i a comparative study of quo

tations from different potential construc

tors, the order for construction and in

stallation of the electro- mechanical 

equipment of the module test bench (with two 

test units under pressure) was given to an 

external contractor on August 1, 1987. 

For the reported period the main works 

carried out by the contractor under super

vision of SCK/CEN consist of the order of 

components and the construction of a large 

part of the test units. 

The installation of the test bench on the 

SCK/CEN site is foreseen for end January 

1988. 

Supporting development works were performed 

by ELENCO NV and SCK/CEN on following 

equipment : 

the separation system of the generated 

water from the KOH-electrolyte by an 

evaporative-condensation process, 

the differential pressure regulation 

system between the hydrogen-, oxygen-

and KOH-circuits. As a result of these 

work*: the pressure regulation system 

design had to be modified (causing a 

delay of 2 months) in the construction 

of the equipment. 

* ELENCO N.V. 
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TECHN. F1227 

FIG.4.2 

SOLAR COLLECTOR FIELD UNDER INSTALLATION 

(Huishout, B) 
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5 . THE BR2 NATntlA'S TESTING REACTOR 5 .2 .2 . Production of Iridium 192 
(A. Fa l la ) 

=..1.SURVEY OF THE IRRADIATION DEVICES 

The design, const-uction and operation 

of irradiation devices for different pro

grammes has been carried out. The work was 

performed in collaboration with or on behalf 

of several international ventures, the 

Commission of the European Communities 

(CEC), German institutes (mainly KfK) and 

industry, and Belgian institutes and in

dustry. 

Specific infjrmation about most of the 

programmes and the devices is found in the 

corresponding chapters of this report. A 

general survey of the irradiations going on 

or under preparation is given in Table 5.1. 

To be particularly mentioned is the 

accomplishment of the FARFADET programme, 

with irradiation of the rigs n° 3 and U 

performed in September and the rigs n° 5 and 

6 in November 1987 (chapter 2.1.1.). 

The major efforts on the design and con

structie;, of new irradiation devices during 

the reported period were dedicated to the 

two J'IRAMID loops, the two loops MOL 7C/6 

and 7, the capsule FAFUMA 3, the device PRF, 

the capsules PWC-i» and PWC-5, and the 

preliminary design of the pressurised water 

loop for re-irradiation of LWR fuel rod 

bundles. 

5.. .RTICULAR IRRADIATION DEVICES 

5.2.1. Production of Xe-Mo isotopes (PRF 

device) 

(S. Bodart) 

All the parts of the in-pile section of 

the PRF (Primary water cooled Reloadable 

device for Fissile targets) are now manu-

lactured. The assembly is in progress. The 

detailed drawing of the out-of-pile equip

ment is completed. 

Tests in the out-of-pile water loop W* are 

foreseen in February 1988. The loading in 

the BR2 reactor and the final commissioning 

are scheduled in April 19S8. 

In the scope of the increase of Iridium 

192 production in the BR2 reactor, the new 

beryllium 200 me diareter plug with 6 

peripheral 33 on I.D. channels (for iridium 

capsules) and a 3 1/2" central channel (for 

a standard BR2 fuel element) has been loaded 

in the central 8" channel of the BR2 reactor 

in October 1987. Production of Iridium 192 

in these locations could be obtained during 

the last two reactor cycles of year 1987. 

6. miMMJOSICAI. SUPPORT 

Theoretical and experimental work has 

been carried out as support to the different 

activities of the department. 

A series on in-pile and out-of-pile 

experiments have used the data acquisition 

and processing system. Better integration of 

PC type workstations have been performed for 

graphical aiid image processing. 

In the domain of the heat transfer and 

engineering, thermal and mechanical calcula

tions have been performed to assess the 

design of different experiments. The exis

ting calculation tools have been improved 

with particular attention to finite element 

analysis. 

Further work has been put in the application 

of artificial intelligence techniques for 

the operation assistance of irradiation 

experiments. 

Special measurement techniques h&ve been 

experimentally studied, in particular the 

use of straingages in accurate dimensional 

measurements. 

6.1.REAL TIME DATA ACQUISITION AND 

PROCESSING 

(F. Du Mortier M. Decreton) 

The -eal time computer network has been 

used for the data acquisition tasks related 

to the following experiments : 

In-pile : FARFADET 3 to 6. 



Table 5.1. : Irradiation devices constructed or supervised by Technology Department (*) 

Nevly loaded devices and continuing irradiations Under preparation 

1. Experiments for Fast Neutron Reactors 

FARFADET 3,<»,5,6 fuel behaviour at BOL, 

start-up conditions 

ISIS 2 and 3 
PAHR-PIRAMID 2 

-PIRAMID 3 
MOL 7C/6 

notch test samples 

debris b»d cooling after LOCA 

: sodium flow blockage in a fuel bundle, 
central blockage, pre-irradiated pins 

: sodium flow blockage in a fuel bundle, 
wall blockage, fresh pins 

:.Non steady state irradiation of pins with ODS 
ferritic canning 
.control rod withdrawal experiments 

2. Experiments for Water-Cooled Reactors 

MOL 7C/7 

SOLISTE 

PWC 
CCD 
VNS2 

^ 1 „ 
1,2 f\C 

I fresh 
devices for power transients on 

and pr._ "•-radiated fuel rods 

GADOLINIUM progr. 
HBC progr. 
MHI (UO ) progr. 
PWC-'i capsule 
PWC-b capsule 

Water Loop 

VESTAL 
Experiments for Fusion Reactors 

3 transients in 1988 (GAIN, MHI, NFI) 
3 transients in 1988 
2 transients in 1988 
replacement for PWC-2 
new desigr with extended instrumentation 
for PWR, BWR fuel rods 
re-irradiation of LWR fuel rods for 
burn-up accumulation and transient tests 
pressure vessel steel samples 

Nihil FAFUMA 3 : in-pi le fatigue, steel samples 
MASTER : martensitic samples, fatigue 
GASTAFIORE : gamma irradiation of proximity sensors for 

NET remote maintenance 
Tritium breeding materials : construction of oi'.t-of-pile 

equipment 
U. Various programmes 

D6R 1 and 2 

CIC 

Iridium 

production of Xe-Mo, irradiation PRF 
device with autonomous water cooling 
gamma irradiation, 
Corrosion of steel in interstitial Clay Water 
new Be-plug to increase production 

production of Xe-Mo, 
direct reactor water cooling 

* Information about the irradiation experiments is found in the appropriate chapters of this report 
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Cut-of-pile : 

Fusion : experiments on the LELI and 

MALICE loops 

LMFBR : sodium distillation experiment 

for the PAHR programme 

Remote maintenance : control of a robot 

system with related vision processor 

CAD support of the DESI-CAD drawing 

workstation. 

Work has been continued on the charac

terisation of signal conditioning equipment 

for time and frequency analysis by Fourier 

transforms. Two completely characterised 

conditioning racks have been made available 

for in pile and out-of-pile experiments. 

A new PC-based CAD workstation has been 

installed in the drawing office for work on 

electric schematics. 

With respect to image processing, the 

new PC-based vision system has been in

stalled and tested. Preliminary studies are 

under way with normal illumination as well 

as under structured lighting (laser sheet of 

light). First tests using an endoscope as 

light guide in front of the camera have been 

performed. 

6.2.DESIGN AND ENGINEERING 

(W. Detavernier, J.L. Génicot, 

V. Massaut, B. Arien, H. Beckers) 

Calculations, design studies £Jid 

computer softwares have been made in 

relation to heat transfer, pressure loss in 

coolant circuits, mechanical strength, 

nuclear heating and operation of test 

sections fcr different experimental pro

grammes. Especially to mention are : 

SOLISTE of the LMFBR programme 

Calculation of radial heat transfer and 

radial temperature distribution at the 

BR2 reactor-midplane cross-section, as a 

function of the residual fuel pin pcwer 

and BR2-gamma heating, after a reactor 

scram without heat evacuation with 

sodium coolant. 

Lithium-Lead loop MALICE 

Calculation of the thermal characteri

stics of the recuperator of the loop 

between the cold and the hot leg. 

PIRAMID 1 

Analysis of the test results ob

tained during the irradiation of 

PIRAMID 1 in the reactor BR2 

(10/11/86 - 18/11/86). 

Determination of the relation 

between the bed power [W/g] in 

PIRAMID 1 and the BR2 power in [%} 

BR2. 

Determination of the heat transfer 

coefficients of the upper and lower 

sodium coolant loops to the BR2 

water in function of the NaK level 

in the heat exchangers. 

PIRAMID 2 

Calculations in relation to the opera

tion of PIRAMID 2 : 

allowable pressure differences on 

different tubes 

electric parameters (voltage, 

current intensities and power) in 

function of sodium flowrates in the 

upper and lowar pump units 

solium temperature profiles in the 

uppe. and lower cooling circuits 

heat losses through the pressure 

tube over the length of the loop 

radial temperature distribution in 

the structural parts around the 

debris bed in normal operation 

residual heat production after scram 

in the debris bed and structural 

parts 

temperature evolution of the sodium 

above the bed after a scram without 

sodium flow in the cooling circuits. 

PRF Device (radio-isotope production) 

All calculations concerning the design 

of the PRF irradiation device have been 

completed, allowing the fabrication and 

assembly of the device. 
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LWR - fuel specimen testing 

calculation of the nuclear heat pro

duction in fuel pell-its of 1,3 nan 

thickness and 9 ran diameter during 

irradiation in the reflecLor 

channels of the BR2 reactor 

calculation of the radial tempera

ture distribution in the irradiation 

rig for **000 W/crn^ in the pellets. 

FARFADET 1 & 2 

Thermal analysis after irradiation in 

the BR2 reactor : 

radial temperature distribution 

influence of axial heat flow on the 

temperature gradient 

formulas for the determination of 

the fuel pin power and the fuel pin 

cladding temperature during the 

irradiation 

estimation of the BR2-gamma heating 

in the copper cross with the measur

ed temperature during the irradi

ation. 

The calculation of the radial tempera

ture distribution in the cross-section 

at mid-height of the fissile zone has 

been made. The isotherms in the cross-

section are given in Fig. 2.1.1. 

DOMO programme 

Calculation of the maximum linear power 

of the BWR-MOX and U02 fuel pins irradi

ated in the BR2-reflector channel F346 

with a fictive He3 pressure regulation 

between 0 bar and 1W) bar in the exis

ting PWC rig. 

Irradiation of cobalt tablets in the BR2 

reactor 

Calculation of the temperature of the 

cobalt tablets for three cases 

(a) with air between cobalt cladding and 

container, 

(b) with compressed graphite powder 

between cobalt cladding and container, 

(c) with graphite cylinder between cobalt 

cladding and container. 

MHD heat transfer experiments 

Calculation of the stresses and deforma

tions in and of the rectangular tube in 

the test section under influence of 

internal pressure and a temperature 

gradient in the direction perpendicular 

on the largest side of the tube. The 

results are shown in Fig. 3.1.2.3.b. 

Developed software programmes 

The two programmes for hydraulic calcul

ations (FLUID and FLUIDI, written in 

FORTRAN 77) have been further extended 

and improved. 

Surface heat flux on irradiation rigs 

after scran 

The finite element codes TWODEPEP and 

PROTEUS have been successfully applied 

to compute the temperature profile and 

surface heat flux on an irradiation rig 

after reactor scram, but with unchanged 

reactor water coolant conditions. Due to 

a risk of local boiling and dry-out on 

the rig surface, there are some limita

tions on the heat flux to void dry-out 

in case the reactor scram is followed by 

a coolant flow reversal around the rig. 

Waste Container 

The objectives of the container Mechani

cal Performance Assessment (COMPAS) 

project (CEC) is to study the mechanical 

performance of the containers used as 

overpacks for high activity nuclear 

waste. It intends to demonstrate that 

designs of containers are feasible to 

dispose high level waste. 

As part of the COMPAS project, the 

suitability of The finite element codes 

available to the different partners to 

predict the performance of the 

containers, is checked. This is done in 

a first benchmark exercise? with the 

different codes and using input data of 

a model test container. The SCK/CEN has 

participated in the elastic part of the 

exercise with the computer code CASTOR 

BE-2D (CETIM-F). 
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The mechanical stresses and displace

ments under external pressure were calcula

ted for the following cases : 

a thick walled uniformly corroded 

section; 

a thick walled non-uniformly corroded 

section. The results of this calculation 

are shown as example on Fig. 6.2.; 

a thin walled structure. 

The comparison of the results of the 

different partners will be discussed end of 

January 1988. 

6.3.A SMALL EXPERT SYSTEM OF PILOT 

\SSISTANCF FOR IRRADIATION EXPERIMENTS 

(V. Massaut, M. Tombeur*) 

A prototype of an Expert System (E.S.) 

is being developed to assist the operators 

of irradiation experiments in BR2. The 

purpose of this E.S. is to guide the opera

tors when an abnormal working condition of 

the device is observed (alarm situations). 

After a first unsuccessful trial to build 

the expert shell and the knowledge base it 

has been decided to use a commercial shell 

and to concentrate the efforts only on the 

building of the knowledge base. The "shell" 

is a programme which can use and investigate 

the knowledge base in order to find the 

solution of a given problem. The E.S. 

prototype is then applied to an actual 

case : the irradiation experiment MASTER. 

The E.S. is implemented on an IBM-PC and 

will be available in the first half of 1988. 

6.U.UNDERWATER FUEL ROD DIAMETER MEASURING 

SYSTEM 

(V. Massaut, J. Daniels**, M. Sigari***) 

The need ot accurate diameter measure

ments of fuel rods just after irradiation is 

growing. Up to now, those measurements were 

done in the hot cells in the air, thus 

requiring an underwater decay time of the 

fuel rods. Underwater measurements would 

spare time by the gain of the decay time. 

The feasibility of underwater measurements 

is assessed. The work mainly concentrates on 

a strain gauge system which could be in

stalled inside the rigs. Tests were done on 

strain gauges to analyse the temperature 

influence, the linearity, repeatability and 

accuracy of the system. Work is in progress. 

Trainee : Industriële Hogeschool van 

het Rijk Hasselt (IHRH) Mol 

•/<>'«'< 

Trainee : Hoger Instituut der Kempen 

(HIK), Geel 

Trainee : Nuclear Research Ctntre 

Isfahan, Iran 

file:///SSISTANCF
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TECHK. H224 

U-' 
Initial structure 
Outline displacements 

DISPLACEMENTS IN DIRECTION OF Y-AXIS 

RELATIVE TO POINT D 

VON MISES ISO-STRESSES {M Pa) 

FIG.6.2 

DISPLACEMENTS AND VON MISES ISO- STRESSES (MPa) 

for a thick walled non-uniformly corroded 
tube under an external pressure of 40 MPa 
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LIST OF ABBREVIATIONS 

AGI 

BOL 
BWR 

CAD 

CCD 
CEC 

CNES 

COBELCON 

COMPAS 

CRW 

DGR 

DOHO 

ECN 
ELPH 

E.S. 

ESA 

ETL 

FAFUMA 

FARFADET 

GAIN 

GASTAFIORE 

HBC 

HFR 

IAEA 

I ME 

IPS 
ISIS 

JRC 
KfK 

KNK II 

KUL 

LELI 

Arbeits Gruppe - Groupe de 

Travail (European LMFBR 

program») 

Beginning Of Life 

Boiling Water Reactor 

Computer Aided Design 

Cycling and Calibration Device 

Commission of the European 

Communities 

Centre National d'Etudes 

Spatiales 

ÇOnsortiua van Belgische 

ZLektrolyseur CONstructeurs 

container Mechanical Performance 

ASsesment 

Control Rod Withdrawal 

Doigt de Gant Refroidi 

DOdevaard MOx fuel 

Energie Centrum Nederland 

ELectrolytical Production of 

Hydrogen 

Expert System 

European Space Agency 

Environmental Test Loop 

FAtigue of FUsion Materials 

FAst Reactor Fuel Analysis = -d 

DEsign Test 

GAdolinium INternational 

programme 

GAmma irradiation of Sensors, 

Transducers And Fibre Optics for 

REmote handling 

High Burn-up Chemistry programme 

High Flux Reactor - Petten (NI) 

International Atomic Energy 

Agency, Vienna (A) 

inorganic Membrane Electrolyte 

(Technology) 

In-Pile Section 

irradiation of §ubsized impact 

Samples 

Joint Research Centre 

Kernforschungszentrum, Karlsruhe 

(FRG) 

Kompakte Natriumgekuhlte 

Kernreaktoranlage (FRG) 

Katholieke Universiteit Leuven 

Convection loop with 

LEad-lithium 

LMFBR 

LWR 

MALICE 

MASTER 

MHD 
MHI 

MOL 7C 

MOX 

NET 
NFI 

ODS 

PAHR 

PIE 
PIRAMID 

PRA 
PRF 

PWC 
PWR 

SNR-300 

SOLISTE 

TRIBUUTION 

UCLA 

VESTAL 

VIC 

VKI 

VNS 

Liquid Metal Fast Breeder 

Reactor 

Light Water Reactor 

MAgnetic field Liquid metal 

Corrosion Experiment 

MArtensitic STEel irradiation 

Rig 

MagnetoHydroDynamics 

Mitsubishi Heavy industries 

(Japan) 

Experiment in an integrated 

sodium cooled loop in BR2-MCL 

Mixed OXide fuel (U02-Pu02) 

Next European Torus 

Nuclear Fuel industry (Japan) 

Oxide Dispersion Strengthened 

(Materials) 

Post Accident Heat Removal 

Post-irradiation Examination 

PAHR IRradiation According to a 

Mol integrated Design 

Probabilistic Risk Assessment 

Primary water cooled Reloadable 

device for Fissile targets 

Pressurised Water Capsule 

Pressurised Water Reactor 

Schneller Natriumgekiihlte 

Reaktor (300 MWe) 

SOdium Loop for incidental and 

Safety Transients Experiments 

Fuel Behaviour under Power 

Transient Conditions 

University of California - Los 

Angeles 

Vgssel STeel and ALloys 

Variable irradiation Condition 

loop 

Von Karman institute 

Variable Neutron Screen 
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APPENDIX 1 

Publications and papers presented at seainars and syaposia 

J-M. Baugnet, J. Dekeyser, A. Delbrassine, 

Ch. Joly, F. Léonard, G. Vanaassenhove, 

A. Verwiap 

The BR2 aulti-purpose research reactor. A 

tradition of international collaboration in 

particular for the development of fast 

breeder reactors. 

Paper IAEA-SN-300/087 

International Syaposiua on the utilisation 

of aulti-purpose research reactors and 

related international co-operation. 

Grenoble, France, 19-23/10.1987. 

M. Decreton, F. Du Nortier 

Proxiaity sensors for robots in highly 

radioactive environments 

SMIRT-9 Post Conference Seainar on Nuclear 

Robotics. 

Lausanne, Aug. 24-25, 198'. 

H. Decreton, N. Bouneder 

Early detection of localised 

boiling 

SHORN V Syaposiua on Reactor Noise 

Munich, Oct. 12-16, 1987. 

onset of 

D. Van der Eecken, A. Falla, D. Haas 

The joint utilisation of the BR2 and BR3 

reactors for international irradiation 

testing prograanes of light water reactor 

fuels. 

Paper IAEA-SM-300/066P 

International Synposiua on the utilisation 

of aulti-purpose research reactors and 

related international co-operation. 

Grenoble. France, 19-23/lC.i.987. 

K. Schleisiek, J. Aberle, S. Jacobi, G. 

Karsten, A. Rahn, L. Schmidt, 

G. Vanaassenhove, A. Vervinp 

MOL 7C Experiments on local fault pro

pagation in irradiated LNFBR fuel sub

assemblies. 

Nuclear Engineering and Design 100 (1987) 

435-445 



APPENDIX II 

Participation et symposia, meetings, working groupa 

DATE 

17-21 Aug. a; 

2A-2S Aug. 87 

2*.-26 Aug. 87 

06-11 Sep. 87 

08-09 Sep. 87 

18 Sep. 87 

06 Oct. 8/ 

07-08 Oct. 8/ 

09 Oct. 87 

12-16 Oct. 8? 

13-15 Oct. M7 

PLACE 

Lausanne (Ch) 

Lausanne (Ch) 

Lausanne (Ch) 

Garmisch-

Partenkirchen (D) 

JRC-Ispra (1) 

Bensberg (0) 

bN-Brussels (B) 

OECD Paris (K) 

BN-Brussels (b) 

Hunich (D) 

Versailles (K) 

OBJECT 

Conference on Structural Mechanics in 

Reactor Technology (SM1RT-9) 

Post-SMIRT Seminar on Nuclear Robotics 

IAEA - International Seminar on Small 

and Medium-Sized Nuclear React>rs 

International Conference on Solid State 

Ionics 

Ad-Hoc Group CGC n° !> : in-pi le PAHR 

tests 

A6st AG-2 Meeting (Interatom) 

Meeting <<f the programme Committee GAIN 

Meeting of the Principal Working Croup 2 

on Transient and Breaks 

Réunion du Comité de Programme DOMO 

Symposium on Reactor Noise (SHORN V) 

3rd International Conference on Advanced 

Robotics - ICAR '87 

PARTICIPANTS 

M. DECRETON 

M. DECRETON 

.1. DEKEYSER 

Ja. DEKEYSER 

G. VANMASSENHOVE 

M. SOENEN 

A. KA1.LA 

M. DECRETON' 

A. F ALU 

M. DECRETON 

V. MASSAUT 



APPENDIX II (continued) 

Participation at symposia, meetings, working groups 

DATE 

19-23 Oct. 87 

19-23 Oct. 87 

19 Oct. 87 

19 Oct. 87 

28 Oct. 8/ 

28 Oct. tit 

27-28 Oct. 87 

0<*-06 NOV. 87 

08-12 Nov. 87 

03 Dec. 87 

PLACE + INSTITUTE 

Grenoble (F) 

Grenoble (F) 

Université de Liège 
Liège (B) 

Université de Liège 
Liège (B) 

CEC-Brussels (B) 

bN-Brussels (B) 

UKAEA-Risley (GB) 

IAEA-Brussels (B) 

lAEA-Vieima (A) 

CEA-Cadarache (F) 

OBJECT 

IAEA Colloque International sur l'Utili
sation des Réacteurs de Recherche Poly
valents et la Coopération Internationale 
dans ce domaine 

IAEA International Symposium on the 

Utilisation of Multi-Purpose Research 

Reactors and Related International 

Co-operation 

New technologies and environment 

Symposium "New Technologies and 
Environment" 

Meeting of Working group IB : Safety of 
LWR 

First European Meeting on Space Nuclear 

Power 

LMFBR-Vtorking group A«T<« 

IAEA Specialists' Meeting on Operational 
Experience with Control and Instrumen
tation Systems in Nuclear Power Plants 

IAEA Technical Meeting on PRA for 
Reactor of New Design and Mitigation 
Systems 

Third Scarabée Technical Seminar 

PARTICIPANTS 

A. FALLA 

J. DKKEYSER 

D. LAMY 

P. VANDERSTRAETEN 

M. DECRETON 

A. FALU 

G. VANMASSENHOVE 

M. DECRETON 

M. DECREVON 

H. BECKERS 



APPENDIX III 

Participation at training courses 

DATE 

01 Oct. 87 

07 Oct. 87 

13 Oct. 87 

1U Oct. 87 

15 Oct. 87 

22 Oct. 87 

04 Nov. 87 

PLACE 

Brussels (B) 

Antwerp (B1 

Antwerp (B) 

Antwerp (B) 

Antwerp (B) 

Zelzate (B) 

Brussels (B) 

OBJECT 

Développenient de capteurs à jauges de 
contraintes 

Instrumentele beveiligingen in tie 
procesindustrie 

Fair : 3de Belgische lasveek 

Fair : Benelux Robot & Automation 

- Geavanceerde en geautomatiseerde 
systemen in het N.D.O. 

- Fair : 3de Belgische Laswe»k 

Demo software "Schema CAD I" 

Fissile element code SYSTUS 

PARTICIPANTS 

S. BODART 
M. SIGARI 

C. DECLOEDT 

A. DE DEYNE 

F. DU MORTIER 

R. CATTEEUW 

C. DECWEDT 

L. DEKTEN 

H. BECKERS 



APPENDIX III (continued) 

Participation at training courses 

DATE 

13, 20 Nov. 37 

lit, 21, 28 

Nov. 87 

17 Nov. 87 

02 Dec. 87 

08,1*»,15,21,22 

Dec. 87 

04,05,11,12, 

18 Jan. 88 

PLACE 

Antwerp (B) 

Leuven (B) 

Antwerp (B) 

Antwerp (B) 

Hasselt (B) 

OBJECT 

lineaire programnering (Training course) 

Warmtebeharielingstechno]ogie 

Nieuwe ontvikkelingen bij oseillo

me tingen 

Turbomoleculaire vacuümpompen 

Training course AUTOCAD 

PARTICIPANTS 

A. VERWIMP 

A. VERWIHP 

C. HENDRICKX 

R. CATTEEUW 

J. DEKKERS 

L. DEKIEN 

F. SCHELLES 

J. VALENBERGHS 
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APPENDIX IV 

GUEST WORKERS AND TRAINEES 

01.07.1987 - 31.12.1987 

NAME 

DANIELS J. 

DEVESSE W. 

DE WILDE W. 

GERARD P. 

JACQUET 0. 

KUCZïNSKI A. 

LELY S. 

MASURE E. 

KERTENS P. 

SCHRIJVERS W. 

SIGARI M. 

SMITS G. 

INSTITUTE (COUNTRY) 

H.I.K.-Geel (B) 

K.U.-Leuvrn (B; 

H.I.K.-Geel (3) 

I.S.I.L.-Liège (B) 

I.S.I.B.-Brussels 

Institute of Atomic 

Energy - Poland 

I. S. I. B. -Brussels 

<B> 

K.L'.-Leuven (B) 

H.I.K.-Geel (B) 

T.I.S.P.-Mol (B) 

Nuclear Research 

Centre 

Isfahan - Iran 

K.I.H.L.-Hasselt 

(B) 

TRAINING and PERIOD 

Dimensional measurements 

oi irradiated fuel pins 

School year 1987-1988 

MHD heat transfer 

18.09.1987-30.06.1988 

Zirconium welding 

School year 1986-1987 

Ultrasonic sensors in 

robotics 

School year 1986-1987 

Transfer of tritium in 

pipes and permeation 

through the walls 

May-June-July 1987 

General irradiation 

technology 

06.10.1986-31.07.1987 

Radiation effects en 

electronic materials 

rry-June-July 1987 

MHD heat transfer 

18.09.87-30.06.88 

Computer Science : data 

base management 

School year 1986-1987 

Workshop Technology 

1-17.07 >7 

Thermocouple measurements 

07.09.87-29.02.88 

Hydrogen measurement in 

liquid metals 

23.09.87-16.05.88 
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APPENDIX IV (continued) 

GUEST WORKF°S AND TRAINEES 

01.07.1987 - 31.12.1987 

VANDEPUTTE H. 

VAN HERCK N. 

VAN STEE E. 

ZHANG 

Chengzhong 

ZHANG Jingzhao 

K.I.H.L.-Hasselt 
(B) 

S.H.H.I.-Turnhout 
(B) 

I.H.R.H.-Mol (B) 

Bejing Institute 
of Nuclear 
Engineering 
The People's 
Republic of China 

Xi'an Jiaotong 
University 
The People's 
Republic of China 

Hydrogen measurement in 
liquid metals 
23.09.87-16.05.88 

Secretariat 
September 1987 

Expert system for 
alarm diagnostics 
School year 1986-1987 

Use of the RELAP code 
on waterloops 
22.04.1987-21.04.1988 

Local water flow 
measurements under PWP 
conditions (T.T.A.) 
11.09.1987-31.09.1988 
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APPENDIX V 

Investments made operational period 01.07.87 - 31.12.87 

Name 

Computer Aided Design 

Workstation 

High pressure 

calibration stand 

Ultrasonic wall 

thickness gauge 

Description 

An AUTOCAD work station is 

installed in the department 

drawing office. 

It is mainly used for the 

drawing of electrical 

connection diagrams 

and flow sheets 

The equipment is a standard 

for the calibration of 

pressure gauges and 

sensors up to pressures 

of 280 bar : precision is 

0,05 %. 

Working fluid in contact 

with the sensor is alcohol 

Wall thickness measurements 

with ultrasounds in the 

range 0,25 to 9,99 nm 

(precision 0,001 mm) or 1,5 

to 99.9 mm (precision 0,01 

mm) 

Price (BF) 

WO.OOC 

250.000 

275.000 

Utilisation 

time 

90 % 

20 % 

60 % 
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TESTUB AID oMassioniB snwiŒ 

The T & C Service continued its routine 

activities in the following main fields : 

commissioning of experimental irradi

ation devices prior to their initial 

operation; 

technical assistance to experimenters 

and constructors during the manufacture 

and installation of irradiation devices, 

technical assistance to other SCK/CEN 

departments in carrying out their own 

eoyipmtrit or maintenance programmes. 

COMMISSIONING OF EXPERIMENTAL IRRADIATION 

DEVICES 

Table I reviews the sain types of new 

irradiation devices which went through the 

testing and commissioning procedure. 

Irradiat-.on of some of the commissioned 

isotope capsules has not necessarily taken 

place in the same reference period. 

Manufacturing controls have been pursued 

on the PAHR PIRAMIL II and III -, MOL 7C/6 -

MOL 7C/7 - FAFUMA III and MASTERS, and have 

been started on the PRF irradiation device. 

TECHNICAL ASSISTANCE TO EXPERIMENTERS DURING 

MANUFACTURE AND INSTALLATION OF IRRADIATION 

DEVICES 

The T & C Service made an important 

contribution to all irradiation devices 

manufactured by SCK/CEN through inspection 

and testing during manufacture, as well as 

chemical cleaning of all components. 

TECHNICAL ASSISTANCE TO OTHER SCK/CEN 

DEPARTMENTS 

The T & C Service was asked to give 

assistance to many other projects developed 

at SCK/CEN. Special mention has to be given 

to radiographic inspection of test samples 

of ceramic materials. (DMS/SCK-contract). 

TECHNICAL ASSISTANCE TO OTHER FIRMS 

The T & C Service was asked to make 

radiographic inspections on epoxy isolation 

items on account of Amerace - Aalst. 

Members of the executive staff : 

S. Claes, J. De Clercq, A. Sencie (BR3), 

K. Van Eyndhoven. 

TABLE I 

Main new irradiation devices which went through Testing and Conmissioning in the second 

semester of 1987. 

Type of device 

In-pile sections for loops 

Fuel element tests in loops 

Instrumented fissile material rigs 

Non-instrumented fissile material rigs 

capsules 

Instrumented rigs for material 

SCK/CEN 

only 

-

-
k 

or 
-

irradiations -

Non-instrumented rigs for material 

irradiations 

Cobalt capsules (pellets) 

Cobalt in control rods 

Cobalt capsules (grains) 

Iridium capsules 

Various isotope capsules 

Fissile material capsules for DGR 

Total 

1 
-
- • 

-
-

-

305 

310 

Manufactured by 

Customer 

only 

-

-

-

-
-

-
-

-
-

119 

29 
-

1̂ 8 

Jointly 

-

-

-

-

-

-
-

-
-

-
-

-

-

! 

Total 

-

-
U 

-
-

1 
-
-

-

119 
29 

305 

i.58 
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1. UUHWUCITOR 
(A.C. Oemildt) 

The second semester of 1987 was 

characterised by finishing a number of 

research tasks of programmes which were 

already in progress during the first 

semester. 

All planned work for Uestinghouse, 

A.N.F. and the post-irradiation examinations 

upon the vessel steel samples of Doel III 

and Tihange II power stations came to an 

end. 

A series of tasks have been carried out 

concerning the fuel rods of fast reactors 

and preliminary experiments have been made 

in the framework of the high burn-up 

chemistry programme. 

The technique for welding used 

irradiated charpy samples is re-examined and 

adapted upon request of the private partner. 

The construction of the cutting device 

to be used to open the steel vial containing 

the irradiated UO. particles (PAHR) has been 

completely finished and is ready to be 

mounted in a hot cell. 

2 . APPLIED RESEABffl AID SdHTrtPTC SERVICES 

rat iBB mcuMt iMuusna 

(A.C. Demi Id t, A. Gys, J. Ketels, 

J. Mast, L. Mies, L. Sannen, 

J. Van de Velde, C. Van Loon, 

T. Van Ransbeeck) 

2.1.POST-IRRADIATION EXAMINATION (P.I.E.) OF 

INDUSTRIAL FUEL RODS (THERMAL REACTORS) 

2.1.1. Advanced Nuclear Fuels (A.N.F.1 fuel 

E2ds 

A.N.F. fabricated [UC^-GdjOj ] fuel rods 

irradiated in the Tihange I reactor (1- and 

3-eyele rods) (39.Z1905) 

Final results of tf1* radial Gd-isotopic 

distribution in the fuel pellets as well as 

the U/Pu isotopic compositions and burn-up 

have heen communicated. 

The remaining fuel density measurements 

have also been carried cut. 

Supplementary requested examinations such as 

internal diameter control of clad segments 

have been achieved successfully. 

In order to get conclusive results of 

pore size distribution in fuel, mercury 

porosimetry data had to be compared with 

results obtained by optical means. 

The A.N.F. Corporation provided reference 

fuel material for carrying out such 

measureiu'_.it comparisons. 

Specimens for O/M determination have 

been prepared and conditioned and will be 

dispatched to TUI-Karlsruhe. 

The final research report has been provided 

to A.N.F. Corporation [Ref.l]. 

2.1.2. Westimzhouse prof»*-»——« 

a. Burnable absorber programme (39.11938) 

A final report [Ref.2] has been issued 

and transmitted in September. Table 1 

provides the complete task list which has 

been carried out from which the following 

could be concluded. 

The non-destructive examination 

programme did not indicate any abnormal or 

unusual features. The cladding surface 

appeared to be in good condition giving no 

evidence of deleterious features. Fuel rod 

length increase, related to the nominal fuel 

rod length value, was situated between 0.02 

and 0.16%. 

Profilometry looks quite normal, although 

final evaluation will have to be performed 

when pre-irradiation data are available 

which are not yet provided by Westinghouse 

Corporation. Disturbances in the fuel stack 

have not been observed. 

Gamma scanning is showing only minor 

interpellet gaps in some of the fuel rods 

and X-ray radiography carried out on a few 

rods did not show fuel pellet mismatch. Eddy 

current examination on fuel rod CS-3 did not 

reveal defects. , 

The fission gas release of the different 

rods was very similar 

(1.85xl0"3(Xe+Kr)cm3STP/gu). 



TABLE 1 : BR3 cycle UD1 IFBA rod PIE plans 

A. Non-destructive examinations 

1. Stereovisual examinâtion 

2. Fuel rod length measurements 

3. Fuel rod profilonetry (spiral) 

i*. Fuel rod gama scanning 

S. Neutron radiography 

6. X-radiography 

7. ECT 

B. Destructive examinations 

1. Fission gas analysis 

2. Harking and sectioning 

3. Fuel/clad metallography 

i*. SEM analysis 

S. Clad hydrogen analysis 

6. Fuel burn-up analysis 

CT-1 

X 

X 

X 

X 

X 

X 

^ 

CS-0 

X 

X 

X 

X 

X 

Rod identification 

CS-l CS-2 

X X 

X X 

X X 

X X 

X X 

X 

X 

X 

X(<0* 

X(2)* 

X(2)* 

X<2)* 

CS-3 

X 

X 

X 

X 

X 

X 

X 

X 

X 

x(M* 
X(2>* 

X(2)* 

CS-4 

X 

X 

X 

X 

X 

CS-5 

X 

X 

X 

X 

X 

RG-2 

X 

X 

X 

X 

X 

X 

RG-4 

X 

X 

X 

X 

X 

Number of samples 
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Coatings were observed to be irregular 

and locally no longer adherent to the pellet 

surface. Loss of coating was observed over 

small distances (up to 0.5 on) of the pellet 

surface section. No chemical interaction 

occurred between the coating and the fuel or 

the cladding. 

SEM analysis of the clad internal 

surface confirmed that neither chemical 

attack nor bonding with fragments of the 

pellet coating occurred. The analysis of 

H,/T. dissolved in the cladding, indicated 

relatively low contents. 

2.2.EXAMINATIONS AND STUDIES OF STEEL 

SAMPLES FOR NUCLEAR POWER STATIONS 

2.2.1. PVS surveillance proff»—»'» of 

Tihange II power station (39.B302C0 

The general report dealing with the 

post-irradiation examination results of the 

first surveillance capsule of the Tihange II 

power sta :ion has been presented to the 

utilities [Ref.3]. 

A small computer programme has been added to 

the LHMA report dealing with "trend curves", 

i.e. plots of the reference nil ductility 

temperature shift as a function of the 

neutron fluence for as well plate as weld 

material. 

2.2.2. PVS surveillance p̂ ftT-airwu» r.f poel 

III power station (39.B3021) 

The results of the P. I.E. are 

communicated in a report mentioned in 

[Ref.**]. Table 2 groups the characteristic 

index temperatures for both plate, weld and 

heat affected zone. A tanh curve fitting has 

been applied for all the test data. 

Fig. 1 depicts the plots of the test data 

and the experimental shifts related to the 

transition curve for both plate and weld. 

2.2.3. Services carried out on account of 

power $Utt°rti : Doel I power 

station (39.Z1948^ 

The quality of a steel pipe from the 

primary circuit has been examined [Ref.5]. 

The stereovisual inspection and photography 

revealed crack patterns as demonstrated in 

Figure 2. A large number of cracks were 

identified in the different specimens. 

2.2.4. BR3 pressure vessel surveillance 

rrr.j>^a>Tn {39.B9200Ï 

Supplementary examinations for the test 

matrix of anneal hardness in support of the 

BR3 "Materials Trend Curve Evaluation" have 

been carried out. 

Impact specimens manufacturing was performed 

on reference material, identified as melt 66 

A/B/C/D, stripped by MEA. 

Reference hardness measurements Rockwell D 

•-\nd Vickers have been made. 

Participation in the "post-shut down" 

programme of BR3 is foreseen. 

2.2.5. Reconstitution of broken Charpv-V 

impact specimens (39.B3007) 

Tests on non-irradiated vessel steel 

have given good results. Next step will be 

made on weld material during the month of 

January. 

An improved stud and supplementary piece 

have been used giving better results on 

request of Tractobel. 

2.2.6. Programme FRAMATOME - Tihange 

reactor-fh»"'"»! shield-up flow 

(39.Z1945Ï 

A second progress report, concluding the 

programme has now been issued [Ref.6]. 

The following comments could be given : The 

experiments revealed that the steel samples 

presented to LHMA, conserved their good 

mechanical properties. Nevertheless, it 

could be observed that the traction 

properties in the transversal direction were 

larger than in the longitudinal direction. 

The elasticity limit and the maximal 

resistance in the longitudinal direction of 

this irradiated steel was enhanced with 22% 

and 8% respectively. Due to neutron 

irradiation, the lengthening was also 

enlarged by about 20%. 

The structures of irradiated samples and 

reference samples were austenitic with 

polyedric grains and macles. No carbide 

precipitates have been observed at the grain 

boundaries. 

The fluence of these steel samples has been 

estimated by the Reactor Physics Department 

to be between 2.05. 10 2 0 and 2.34. 10 2 0 

n.co l . 



TABLE 2 : Impact test results 

Material 

SA.508 cl.3 

Base netal 

upper shell 

Weld metal 

HAZ metal 

Energy 

use 

J 

150 

190 

180 

Reference data 

Transition temp. 

Tr.Al 

°c 

-19.5 

-78.5 

-94.5 

Tr.68 

°c 

+10.0 

-55 

-69.5 

Energy 

Tr.S 

°c 

-58.5 

-5G 

Irradiated material 

Transition 

Tr.LE 

°c 

-58 

-70 

use 

J 

127 

180 

162 

temp. 

Tr.41 

°c 

a 

-61.5 

-73.5 

Tr.68 

°C 

30 

-37.3 

-49 

- Capsule U-DL3/I 

Transition 

Tr.S 

°c 

32 

-27 

-35.5 

temp.shift 

Tr.LE 

°c 

25 

-38 

-43 

ÛTr.41 

°c 

27.5 

17 

21 

ÛTr.68 

°C 

20.0 

17.5 

20.5 

ÛTr.S 

°C 

31.5 

14.5 

ÛTr.LE 

°C 

20 

27 

from TANH plot LHMA - index temperatures 
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3. NORS FUDMHUAL m m D RESEARCH rat 
REACTOR IMUaUUJBI 

(A.C. Demildt, A. Gys, J . Kete ls , 

L. Mies, L. Sannen, J . Van de Velde, 

C. Van Loon, T. Van Ransbeeck) 

3.1.THERMAL REACTORS 

3 . 1 . 1 . T r ibu la t i " " p™flranmo (39.B2215) 

Punction test and fission gas 

collection, as well as metallographic 

examinations have been carried out on two 

fuel rods T2606 and T1502. 

3.1.2. Assembly BR3/B310/RR (39.B2000) 

Burst tests have been achieved upon 

irradiated cladding segments as well as upon 

reference material. Table 3 resumes the 

experimental data of the different samples. 

3.1.3. PRIMO programme (39.B2411) 

Table k resumes the number of the 

experiments for the non-destructive and 

destructive programme which has already been 

performed. Puncture tests were made upon the 

fuel rods. The resulting gas analysis 

results are resumed ir. Table 5. Specimen 

conditioning has beer, carried out upon 

samples of the following fuel rods : 

F-1066, F-1077, F-1115, F-5787 and F-5804. 

The destructive programme experiments are 

still in progress. 

Cross-sections of fuel pins F-1115 and 

F-1066 revealed crack patterns normal for 

low rated mixed oxide; pellet cracking is 

very irregular with predominantly radial 

cracks. 

The fuel showed no evidence of restructur

ing. Remaining UO, or a solid solution of 

UO, with low PuO, content present in the 

central region of the pellet is evidenced by 

an H,0, stain etch. 

Samples from the fuel pins F-1066 

(reference MOX fuel) and F-5787 (MIMAS MOX 

fuel) irradiated in the BR3 reactor (burn-up 

- 20 GWd/T) have been examined with the 

microprobe analyser. Radial profiles of the 

U, Pu, Cs, Xe, Nd, Mo, Zr concentration were 

obtained. There was almost no tendency to 

radial gradient build-up. 

In supplement the local deposition of the 

elements mentioned above, were also deter

mined between two adjacent PuO- grains. 

3.1.4. HBC - Hieh burn-up chemistry 

programme (39.62014) 

A detailed stereovisual examination has 

been carried out on the cracked fuel rod 

1-1066 after BR2 transient experiments. 

Eddy current examination and profilometry 

measurements were made. 

On the irradiated reference rod 1-329 a 

puncture test has been made which showed no 

particular fission gas losses. 

Fig. 3 shows a fuel pin section taken 

transversely through a cladding defect area. 

UO, was lost fr""< the fuel pellets 

immediately under the iractured cladding. 

The molten fuel boundary corresponds to the 

radial limit of observable spherical gas 

bubbles in that part of the fuel which forms 

the inner surface of the central void. 

3.2.FAST REACTOR 

3.2.1. Prophète programme (39.A3131) 

In 3 samples from fuel pin No. 1555 

(U02-Pu02 fuel clad with 15-15-Ti stainless 

steel) the retained fission gases were 

determined after dissolution of the fuel. 

The results are not available as the 

isotopic analysis of Xe and Kr has still to 

be carried out at BCMN. 

General clad samples of the same fuel pin 

have been cleaned electrolytically to be 

sent to Karlsruhe where TEM analysis will be 

performed. 

3.2.2. Farfadet fuel rods (39.A20O5) 

The second fuel rod FT2+FT8 (high 

density fuel) has been conditioned for 

metallographic and microprobe examinations. 

Cross-sections and longitudinal sections of 

fuel pins FT1 and FT7 have been examined in 

detail. 
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Fig,. 3 

HBC - fuel oin section 
cladding dt-n 



Test temperature : 285° C 

Pressurisation : 150 kg/cm2/min 

TABLE 3 : Burst tests - zircaloy cladding 

BR3/B310RR irradiation - fuel rod F3035 

Specimen 

TBI 

TB2 

TB3 

Reference 

Burst pressure 

kg/cm* 

1210 

1220 

1180 

785 

Hoop stress 

kg/cmz 

7933 

7978 

7573 

5096 

ttan. 
Estimated* 

circumferential elongation 

% 

3.6 

5.6 

8.3 

17.0 

if necessary HET samples will be prepared for more accurate determination of c 
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TABLE 4 

Primo programme 

PRIMO pins F-1077 

(monitor) 

F-1066 

(3-cycl.) 

F-5787 F-5804 

- Punction test & fission gas 

measurement 

+ stereovisual examination & 

photography of "crud" removal 

zone 

(X8530) 

+ eddy current examination 

(X8530) 

+ oxide layer thickness measure

ment 

linear scanning 

& spiral scanning 

(X8530) 

+ crud identification and 

sampling 

tape-band 

scraping 

(X8530) 

crud preservation 

+ analysis of the samples 

(8530) 

X 

615-625mm 

X4x2 

X 

XA 

X*fX2 

- Ceramographic examination 

- Microsonde examination 

- Fissile material density 

measurements 

- Solubility tests (MIMAS) 

- SIMS ( ETR) 

XCT4 XCT3 

XMS1 

XHgl 

XD1/D2 

XSIMS1 

XCT2 



TABLE S : Volune of released fission gas 

Primo programme 

Fuel rod 

F-S804 

F-5787 

F-1066 

Total gas 

volume 

cm3 STP 

107.0 

112.7 

184.0 

[Xe+Kr] 

cm3 STP 

0.75 

0.80 

36.65 

Xe 

cm3 STP 

0.71 

0.74 

34.A3 

Kr 

cm3 STP 

0.04 

0.06 

2.22 

Xe/Kr 

volume 

ratio 

17.7 

12.3 

15.5 

Total initial 

mass 

U+Pu 

e 

458.3 

458.3 

462.5 

[Xe+Kr] 

cm3 STP/g U 

1.64.10"3 

1.75.10"3 

79.24.10"3 

Fuel burn-up 

MWd/t̂ ,, 

18,000 

18,300 

255,000 
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The fuel was completely restructured : 

a wide band of columnar grains surrounds 

the central void (Fig. fc); 

a narrow region of fuel exists between 

the columnar grains and the cladding; 

this outer region is characterised by 

wedge-shaped and wide radial cracks in 

the fuel pellets. 

Different types of fuel-cladding cherical 

interaction have been observed : 

1. surface removal of cladding material by 

a matrix \ .tack; these cladding 

components penetrated in radial cracks 

in the fuel pellet; 

2. grain boundary attack of the cladding 

which resulted in grain boundary 

porosity has been observed. 

Two radial sections from fuel pin FT1 

(CT7 and CT9) and one longitudinal section 

from pin FT7 (CL8) have been examined with 

the microprobe analyser. 

The U02-Pu02 fuel clad with WN 1.4970 

stainless steel was irradiated during 1 

cycle in the BR2 reactor. 

Radial profiles of the U and Pu distribution 

in the fuel were obtained. 

Corrosion of the stainless steel clad by the 

fission products Cs, Te, I and by oxygen 

migrating from the fuel has been thoroughly 

examined. Some corrosion was observed but 

further examinations are still in progress. 

3.2.3. OASIS - pressure tubes irradiation 

pt-npt-aiwiw» (39.A31381 

Three sections HI, W* and H6 of 

irradiated tubes of the OASIS 1 and OASIS 2 

programmes have been examined. 

The microstructure and morphology of the ODS 

ferritic alloys did not change after 

irradiation. 

The martensitic steel EM12 shows globular 

precipitates of a second phase after 

irradiation. 

3.2.4. CharlfflWrm»—fWl rir\S programme 

(39.A3004) 

T*ble f< is indicating the non-destruc

tive examination programme on a first batch 

of pins which has been completely carried 

out. 

Preparations are made for the destructive 

programme principally dealing with cladding 

material examinations. 

3.3.FUSION REACTOR PROGRAMME 

3.3.1. Fafuma - M * T p ™ ^ -f (V> 170111 

The fatigue tests on this first MAT 

programme are almost finished. All post-

irradiation tests are performed at constant 

total axial strain using a diametrical extenso-

meter and strain computer to convert 

diametrical to axial strain. MAT II programme 

will sta^t in '88. 

k. SPECIAL PROGRAMMES 

(P. Beullens, J. Van de Velde, 

T. Van Ransbeeck) 

A.l.PAHR PROGRAMME (39.A5166) 

Cutting operations have been performed 

on a reference unirradiated U0~- epoxy 

vacuum impregnated particle bed in a 

stainless containment with the new cutting 

device designed for, in LKMA. 

Both, the use of diamond blades, and the 

applied impregnation technique seem to work 

quite satisfactory. 

The equipment now will be further prepared 

for installing in a hot cell and remote 

handling. Meanwhile the decontamination of 

the hot cell is in progress, in order to be 

able to achieve the introduction of the 

cutting device very soon. 

5. FUEL CYCLE RESEARCH TASKS 

(A. Daniels, A.C. DemiIdt, L. Sannen) 

5.1.PURIFICATT0N OF HIGHLY-ENRICHED URANIUM 

All analytical results after purifica

tion of the last available batches have been 

communicated to the IRE Institute. Before 

new batches will be treated, maintenance and 

repair work need to be done in the hot cell, 

where the chemical purification procedures 

are carried out. 
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Radial cross-section of restructure fuel. 

Longitudinal section : 
Fuel-clad chemical interaction 
Clad comDonents penetrating radial fuel 
cracks. 
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TABLE 6 : MDE Charlemagne 

Fuel pin 

48 H 

(99001) 

75 
(99016) 

3 
(99028) 

122 W 

(99030) 

155 

128 

11*1 

180 W 

50 

! (99099) 

* 
Cladding 

type 

Dl 

D3 

D4 

DA 

D6 

D8 

D9 

D9 

Dll 

X-ray 

examination 

X 

X 

X 

ECT 

X 

X 

X 

Profilometry 

X 

X 

X 

X 

X 

X 

X 

X 

Y-scanning 

-

X 

X 

Visual 

inspection 

X plenum oxide 

X blanket oxide 

Stainless steel type 4970, but submitted to different thermal treatments 
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6 . I » * - WHIMJP OP « H TKSTAIJ.ATTOMS, 
n n u i s a a r or asm ant cms MD 
DISMMULIKOF ou an CELLS 
(P. Beullens, A. Daniels, A.C. Demildt, 

L. Mies, L. Sannen, E. Vanhoof, 

X. Van Ransbeeck, A. Wouters) 

6.1.CONSTRUCTIONS AT LHHA 

6.1.1. Hermes 

Hot cell CI is completely mounted, 

including the shielding. The instrumentation 

has now to be tested and mounted, before the 

compactation test of a-contamination 

zircaloy cladding pieces can be realised. 

6.1.2. Hi eh temperature - High vacuum 

furnace 

The Leybold co pany is still trying out 

several compounds of the vacuum system of 

the furnace. In the meantime the major 

components have been ordered for construc

ting the necessary hot cell. 

6.1.3. Decontamination room (loc.^91 

Although the work has not cone to an 

end, it must be mentioned that major parts 

of the construction are now finished, 

although the work is carried out very 

slowly. The need for disposing of a minimum 

of decontamination and was ce-treatment 

facility is not available at LHMA AS the 
Waste department might become completely 

independent of SCK/CEN. 

6.1.*». Dismantling of workshop I (Hot cell 

No.10) 

During the last months of 1987, the 

transfer of waste to the WASTE services has 

been enhanced, which permitted to persever-

ate on the dismantling of the heavy equip

ment in this hot cell [Ref.7j. 

Up to now 60 tinned cans (13 L) with non-

burnable, solid a-contaminated waste have 

been sent to the WASTE from that hot cell. 

6.1.5. Construction of a small transfer hot 

cell in LHMA 

One of the 5 dismantled hot cells, 

consisting of a gastight a-box and 15 cm 

thick lead panels has been transferred and 

rebuilt at LHHA ->s a transfer cell. The 

necessary connections and ducts for the 

ventilation, compressed air, and the 

electric power are under construction. 

6.1.6. Air-titthtness of the LHMA building 

and adaptations to be carried out 

according to the operation permit 

Several tasks have been fulfilled in 

order to create an air depression of 30 Pa 

against the open air and at the sane time to 

reach 3 laboratory volume air renewals per 

hour. 

6.1.7. Storage and transfer 

Due to the intensification of the 

post-irradiation examination work and the 

dismantling of certain hot cells and their 

equipment, 676 transfers with containers 

have been carried out in 1987. In order to 

be better equipped a new transport and 

lifting system has been acquired for loads 

no heavier than 3 tons. All kinds of waste 

have been dispatched to the WASTE services, 

but remnants of fuel pins (Biblis, Tihange, 

Westinghouse) have been stored at the 

BR2-reactor storage channel. 

Table 7 proviaes more detailed information 

about the different transfers which took 

place between LHMA and other internal 

services of outside institutes and 

companies. 

6-1-3. General management g& the LHMA 
laboratories and Waste problems 

a. Intervention in hot cells 

Table 8 provides information about the 

tasks to be performed in different hot 

cells, in order to update the existing 
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TABLE 7 : Transport to and from LIMA 

Kind of transport - destination 

in LHMA between hot cells 

from LIMA to the WASTE services 

from LHMA to the Chemistry department 

from LHMA to other departments SCK/CEN 

from LHMA to foreign institutes 

from other departments SCK/CEN to LHMA 

from Belgian institutes to LHMA 

from foreign institutes to LHMA 

Total 19t?7 : 

Number 

532 

76 

25 

21 

2 

13 

U 

3 

676 

TABLE 8 : Interventions in hot cells 

Data 

Sept. 

Sept. 

Oct. 

Nov. 

'87 

'87 

'87 

'87 

Hot cell 

identification 

Ml 

05-06 

05-06 

1000 Ci 

Number of 

interventions 

1 

3 

1 

1 

Description 

repair task upon the storage facility 

mounting new plexiglass window and 

balance 

mounting new plexiglass window 

repairing electric motor 
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équipaient so that the laboratory is not 

endangered by severe and unforeseeable 

black-outs. 

b. Waste disposal 

A large unount of waste has been 

discarded from the hot cell:; and has been 

sent to the WASTE services. Table 9 

describes the types of solid waste, the type 

of containers used and the amount expressed 

in cubic meter. These figures concern the 

whole year 1987. 

Large quantities of waste liquids 

(essentially water) are produced at LHMA. 

About 58% are to be considered as tepid, 

while no hot-wastes are discarded as such. 

The hot liquid wastes are always solidified 

and then treated as solid non-burnable high 

active waste. 

Table 10 provides the data concerning the 

waste waters which have been pumped through 

the appropriate ducts to the WASTE services. 

6.2.CONSTRUCTIONS AT BRI 

A part of the storage wing of BRI has 

been transferred from the BRI services to 

the LHMA. In order to become an efficient 

facility for examinations of some parts of 

LHMA programmes, different transformations 

have to be performed, part of these 

transformations have already been achieved. 

The oost important realisations already 

carried out are : 

- Dismantling of five lead cells. As the 

contamination of the lead was very low or 

negligible, the lead block can be 

re-utilised elsewhere. 

- Modifications on the concrete BRI hot 

cell (a cell of 2.50 m x 3.50 a in 

surface, 3.80 m high with a shielding 

wall, 60 cm thick, of barytes concrete) : 

a.forage of two supplementary holes in the 

front wall for the installation of a 

compact manipulator and a periscope; 

b.installation of an airtight lock chamber 

(sas La Calhene,, permitting the 

introduction, on a safe way, of high 

active materials, on the right side of 

the cell; 

c.overhaul of all instruments used or to 

be used for manipulation and examination 

work on specimens, e.g. crane inside the 

cell, shielded door, waste disposal, 

electrical power supply, 

- Study and realisation of some instruments 

for the hydraulic channel, which is 

indirectly connected to the hot cell, 

permits the use of the channel as a 

storage pool. In this way, radioactive 

material examined at LHMA and which may 

not be discarded as waste, can be stored 

in a retrievable manner. 
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TABLE 9 : Solid waste disposal 

Description - origin 

Originating from hot cells mostly in 

tinned cans (vol. 12 1) and dispatched 

in large (L:70 ca) or small (L:35 ca) 

polyethylene transfer boxes 

(La Calhëne) 

Burnable waste, originatii-g from 

the controlled zone 

Not-burnable waste, originating froa 

exploitation and dismantling 

Totals 

i 

Container 

type 

large L.L. boxes 

small L.L. boxes 

containers 200 1 

carts 

tinned cans 

of 2.5 1 

containers 200 1 

different 

Quantities 

Number 

of 

container 

37 

39 

35 

3 

60 

1 

Volume 

B 3 

2.3 

1 

7 

3 

1.4 

0.2 

4.3 

18.2 

TABLE 10 : Quantities of liquid wastes transferred from LIMA 

Description 

cold 

tepid 

hot 

Totals 

Quantities( mJ) 

5,400 

7,380 

12,780 
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APPENDIX I. 

Publications and Papers presented At Seminars and Symposia 

[l] J. Van de Velde, C. Van Loon, A. Gys, 

L. Sannen, L. Nies, P. De Regge 

Final report 

"Hot cell examination of ANF fabricated 

gadolinia-bear ing fuel rods from the 

Tihange-1 reactor" 

June 1987 

[2] J. Van de Velde, A. Gys, C. Van Loon, 

J. Ketels, L. Sannen, P. De Regge 

Final report 

"Westinghouse programme - Burnable 

absorber fuel rods" 

September 1987 

[î] J. Van de Velde 

"Nuclear power station Tihange II -

pressure vessel steel surveillance 

programme - capsule Tihange 11/1" 

June 1987 

O ] J. Van de Velde 

"Nuclear power station Doei III 

Pressure vessel steel surveillance 

programme - capsule Doel III/1" 

September 1907 

[5] A.C. Deaildt, J. Van de Velde 

"Steel pipe - Doel I" 

October 1987 

[6] J. Van de Velde, C. Van Loon, .. Ketels 

Framatome 

"Programme - Tihange "up flow" 

carotties d'acier - essais sur Matériaux 

irradies" 

October 1987 

[7] A. Daniels, A.C. Deaildt 

Working group hot laboratories and 

remote handling 

Plenary meeting 1987 

"Disposal of contaminated equipment from 

hot cells" 

August 1987 



APPENDIX II. EQUIPMENT INVESTMENTS MADE OPERATIONAL IN OR AROUND HOT CELLS DURING THE PERIOD 01.07.87 - 31.12.87 

Name "bescripti Cost-price in kF Utilisation time 

Coaxial germanium detector 

Canberra 

Measurement of gamma-ray spectra 

of nuclear fuel 
542 50* 



APPENDIX III. PARTICIPATION AT SYMPOSIA, MEETINGS, WORKING GROUPS (01.07.87 - 31.12.87) 

Date 

17-21.08.87 

23-24.09.87 

Place 

Lausanne 

(Switzerland) 

Ispra (Italy) 

Object 

9th International conference structural mechanics 

in reactor technology "SMIRT" 

Plenary meeting of the EEC working group on hot 

laboratories and remote handling 

J. 

A. 

A. 

A. 

Persons 

Van de Velde 

Daniels 

Demildt 

Wouters 



APPENDIX IV. PARTICIPATION AT TRAINING COURSES 

Date Place Object Participants 

15-16.10.87 TUI Karlsruhe (Germany) Ionic etching C. Van Loon 



CHAPTER VII 

INFORMATICS 

F. DE GREEF 
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1. GERERAI. 

(J.F. De Greef) 

During this second semester of 1987, 

efforts became more and more polarised 

towards the integration in the computer 

network of a full information system 

providing for the follow-up of projects and 

automating supporting activities and 

services. 

Complementary to the scientific 

computation, which still occupies the 

mainframe computer for the largest part of 

its available time, strong demand exists 

since several years for implementation on 

the computer system of rather managerial 

problems and applications aiming at a more 

efficient operation of the organisation. 

As a consequence, many versatile hard

ware systems and software packages, which 

became in the mean time available on the 

market place, have been installed and 

improved on the mainframe and on personal 

computers as well, trying to meet this 

strong demand-

On the first place, results of 

scientific computation had to be organised 

in graphical output, reporting and 

documentation, which in turn had to be 

distributed in an electronic way through the 

network system by most compatible means. On 

the second place laboratories and 

secretariats had to be automated for 

integration in the information flow of data 

and text acquisition, notes, documents, 

orders, reports and last but not least 

personnel control. 

At the end of 1987 however efforts in 

this sense resulted in an overload situation 

of the mainframe computer due to the strong 

rise of the number of terminals, word 

processors and personal computers to be 

linked to the computer network system. 

Although computer time still remained 

available during night and week-end for 

scientific computation in batch processing 

mode, the bottleneck situation permanently 

occurred in the interactive processing mode 

during day-time : the unbalance between the 

number of users and the processing power 

of the mainframe becane indeed no longer 

acceptable. 

As already stated in the previous 

progress report, upgrading the network 

mainframe computer was found mandatory. Too 

much waste time occurred for programmers and 

end-users because of too long response tines 

due to the traffic bottleneck in the system. 

Efforts not only improved operation and 

installations, but application, training 

and research received as well most atten

tion. Implementing application and training 

end-users aimed at the same purpose, the 

development of a full information system. 

Research has been pursued in the matter of 

implementing expert systems in view of 

applicability to projects at order in the 

organisation. In this way research in 

expert systems collaborate as well at the 

development of information systems, not at 

least in the field of managerial 

applications. 

Finally, efforts improved the inte

gration into third networks and the 

application of the electronic conferencing 

software made available on our mainframe. 

2. OPERATION ARO mSTALLATIORS 

(R. Caron, J. Daniels, H.R. Deckers, 

J.P. Wannijn) 

Daily running of the mainframe computer 

and its main network was as usual executed 

in day and night/weekend shifts. Day shift 

included the normal operation day-time of 

the organisation from half past seven a.m. 

to six p.m., five days a week. Night/weekend 

shift included all the remainder time of the 

week. The use of the system during day-time 

was interactive, whereas lo \g running jobs 

were executed in batch operation during the 

nights and the week-ends. 

As stated in the previous report, the 

operation of the mainframe computer still 

presented two main bad characteristics : 

- the system becomes more and more over

loaded in the interactive use during 

day-time, 
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the system is idle for half-tine in 

the batch operaticn use during the 

nights and the week-ends. This situation 

was a sinple result from the load 

characteristic which in turn resulted 

from the users' requests. But the 

overall reason lay in the steady ex

panding last years of the number of 

connections to the system for inter

active use. In the appendix diagrams 

displaying the evolution of the number 

of virtual machines and active connected 

lines can be observed. 

As a consequence, a proposal was again 

worked out to upgrade the actual IMips IBM 

4341 to a 4Mips computer, but could not yet 

be accepted for execution. At the same time 

efforts continued to be spent to bring over 

all computer work to be done on the systems 

of the Ministry of Economic Affairs 

(CIV/CTI Centrum voor Informatieverwerking / 

Centre de Traitement de l'Information). The 

aim of this transfer was to fill up the idle 

tine in batch operation of our computer 

during the nights and the week-ends. Some 

minor programmes have already been trans

ferred but for the total load again the 

actual computer must be upgraded. 

In Table 1, the use of the mainframe in 

the period concerned is spread over the 

diverse programmes and activities of the 

organisation. 

Further use has been made of the com

puters of CIV/CTI of the Ministry of 

Economic Affairs at Brussels via the data 

link between these computers and our main

frame. The computer use concerned mainly the 

reactors programmes : 

Fast neutrons reactors programmes 54.1 

Light water reactors programmes 45.9 

Total use 100.0 

The total use of the CIV/CTI computers 

for the period concerned was 95 hours 

CPU-time. 

EARN (European Academic Research Net

work), the IBM project linking research 

institutes for exchanging scientific com

puter programmes and date has been further 

increasingly used. SCK/CEN is an EARN-node 

in the network deserving the surrounded 

centres. 

SEAS (SHARE European Association), the 

European IBM computers users organisation 

continued to some extend to make use of our 

mainframe by its SEASCOM, a software for 

electronic conferencing in the organisation 

of SEAS. 

The use of this electronic conferencing 

software has been proposed to the CEC for 

the SUPERCN network (superconductivity 

research information). 

Other third parties continued to make. 

use of our mainframe on-line and inter

actively. Amongst them : OVAM (Openbare 

Vlaamse Afvalstoffenmaatschappij), CORAPRO 

(Control of Radioactive Protection), BN 

(Belgonucléaire) and AWW (Antwerpse Water

werken) . 

A study has been made to reduce mainte

nance costs of the installation. A first 

evaluation has been made in collaboration 

with so called TPM's (Third Party 

Maintenance companies). 

Some old type of modems and terminals 

have been removed and replaced by new types 

resulting in a better cost / performance 

balance. An additional control unit has 

been installed extending the network by 32 

lines. 

Concerning the software QMF (Query 

Management Facility) Version 2 Release 2 has 

been implemented. The installation of 

Release 5 of the operating system CMS has 

been prepared. 
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Table 1 

Use of the Mainframe Computer 

Programnes / Activities 

Day Night 

Fast neutron reactors programme 

Light water reactors programme 

Fuel cycle programme : 

- Geological disposal 

- Safeguards 

- Waste Services 

Fusion reactors programme 

Non-nuclear programmes : 

- Environmental studies 

- Energy systems 

- Industry services 

Oriented basic research : 

- Materials 

- Neutron physics 

- Exploratory research 

- Biology 

Supporting activities and services 

- Operation 
- Administration 
- Utilities 

- BR2 

- Security 

- Third parties 

2 .6 

3 .4 

10.4 

3 . 0 

2 . 2 

1.9 

7 .5 

5 .9 

4 . 1 

0 . 1 

15 .1 

0 . 6 

0 . 1 

8 . 4 

9 .3 

2 . 2 

8 .7 

11.2 

3 .3 

2 . 0 

3 .7 

5 . 4 

3 . 1 

0 . 4 

1.4 

2 . 4 

0 . 8 

0 .7 

-
52 .4 

0 . 2 

2 . 6 

5 .3 

0 . 9 

12 .1 

3 .5 

3 . 1 

Total use 100.0 100.0 

Total use of the mainframe for the period concerned was : 

- 588 hours-CPU time during day-time (CPU : Central Processing Unit) 

- 700 hours-CPU time during night and week-ends. 



3. AmicAnoMs A» nraHaxrai 
(J. Bonnijns, L. De Corte, M. Jansen, 

I. Mertens, G. Peperstraete) 

3.1 APPLICATIONS 

A survey of the application requests is 

pictured in Table 2 where the requests are 

classified according to three main appli

cation domains (Mainframe, Burotics and 

Personal Computing). A distinction is made 

between requests dated before 1987 for which 

no response as yet could be given and those 

which entered in the course of the whole 

year of 1987. Furthermore, internal and 

external requests are separately indicated. 

Most of requests are situated in the 

mainframe database applications and in the 

PC-applications in a lab and office environ

ment. The remainder of requests from 1986 

remained relatively high. This points to a 

shortage of programming personnel. The 

number of new requests since the beginning 

of the year lies in the rate of 1 demand 

every 2 days. Responses to the requests are 

displayed in the Table 3 according to the 

progress made up to the end of the year. 

The requests are issued from projects 

and activities according to Table U. 

The HADES project (High Active Disposal 

Experimental Site), where the DCS (Data 

Collection System) has been further 

developed for daily registration of 35 Kb 

data from about 570 sensors. The collec

ted data stored in a database system for 

retrieval, analysis and reporting are made 

accessible through QMF for actually nine 

users. The network software HULTI- and 

LAN-LINK has been analysed, evaluated and 

tested on multi-tasking. Software means 

for a general control and alarm system 

have further been discussed. A begin is 

made of visualising on the upper PC-AT the 

underground frames. 

In the field of environment studies 

operationality has been reached of an 

information system in the LMB-lab re

porting data analysis. 

Implementing PC-systems to process data-

acquisition and measurement analysis, 

played more and more a role in a large 

part of the applications. Communication 

software amongst others has been written 

for data and code transfer from other 

DP-systems to PC. ASYST has been used to 

develop a fuel element model and a data 

acquisition system on site of a géothermie 

experiment. 

All database applications from the 

beginning till now, actually operational, in 

development or in waiting, are displayed in 

Table 5 according to the implemented 

DB-tool. The growth of the use of the SQL 

relational database is clear. Actually 120 

SQL-users manipulate 1300 relational tables 

which correspond to 255 Mb of disk space. 

Applications were mainly concerned with 

the following projects : 

The OVAM project (Openbare Vlaamse Afval

stoffenmaatschappij). This application 

runs since the beginning of 1985 and 

includes mainly a database for industrial 

waste disposal which is still in extension 

to cover the many aspects of inventorying, 

licensing, transport, treatment and 

storage. The main activity was the 

transfer and implementation of the 

application from our mainframe to the own 

computer system of OVAM. 

Analysis and programming for end-use in a 

professional environment, such as document 

management systems, graphics and specific 

databases. 

Development of procedures and programs for 

general administrative use or use in an 

office environment : 

- Mailing lists for general use. 

- Installation of the electronic order 

proposal procedure on all workstations 

of the secretariats. 

- Development of the personnel application 

procedure and examination for the 

Personnel Department. 

External services related to: 

- Programming, analysis and evaluations 

replying to new requests from several 

companies (BN, AWW, Corapro, CIPAL) and 

the SMEs (Small and Medium Size 

Enterprises) Verellen, F.leurynck and 

Favori. 
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Table 2 

Applications Requests 

Mainfraae (Host Computer) 

- Databases 

- Graphics 

- Data entry, Reporting 

- Analysis, Statistics 

- Specific Programming 

Burotics (Office Automation) 

Personal Computing 

- Lab Automation 

- Specific Programming 

- First Line Software 

- Databases 

- Network, Communication 

Total 

Before 

Int. 

12 

1 

0 

0 

0 

6 

5 

1 

0 

0 

0 

25 

1987 

Ext. 

4 

0 

0 

0 

1 

1 

0 

1 

0 

0 

0 

7 

Whole year 1987 

Int. 

29 

3 

4 

1 

6 

8 

10 

4 

4 

7 

3 

79 

Ext. 

3 

0 

2 

0 

3 

3 

0 

4 

0 

2 

0 

20 

1 

Total 

48 

4 

6 

1 

10 

18 

15 

10 

4 

9 

3 

131 

Table 3 

Response to Requests 

Remainder from 1986 (32) 

During 1987 onto (99) 

Total (131) 

A( not yet started) 

4 

13 

17 

D(in development) 

9 

25 

34 

O(operational ) 

19 

61 

80 

Degree of operationality : about 60 % 
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Table k 

Applications Requests according to Projects/Activities 

Before 1987 Whole year 1987 Total 

Fast neutrons reactor programes 

Light water reactor programnes 

Fuel cycle programme : 

- Geological disposal 

- Safeguards 

- Waste services 

Fusion reactor progranme 

Non-nuclear programmes : 

- Environmental studies 

- Energy systems 

- Industry services 

Oriented basic research 

Supporting activities and 

- Operation 

- Administration 

- Utilities 

- BR2 and Technology 

- Security 

- Third parties 

Total 

services : 

_ 

1 

2 

1 

-

-

6 

1 

2 

1 

6 

3 

8 

-

-

1 

32 

1 

4 

8 

-

3 

3 

12 

5 

15 

2 

12 

17 

8 

2 

7 

-

99 

1 

5 

10 

1 

3 

3 

18 

6 

17 

3 

18 

20 

16 

2 

7 

1 

131 

Table 5 

Response to Database Requests 

DB-tool 

CMS 

PC 

QBE 

SQL 

STAIRS 

Total 

A(not yet started) 

2 

1 

-

U 

1 

8 

D(in development) 

3 

3 

-

5 

2 

13 

0( operational) 

13 

6 

1 

Ub 

8 

11* 

Total 

18 

10 

1 

55 

11 

95 
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3.2 EXPLORATION AND EVALUATION OF DP-MEANS 

In the mainframe environment, develop

ment tools around the SQL (Structured Query 

Language) strategic packages have been 

continuously looked for to augment pro

ductivity on the mainframe. At the end of 

1987 following tools were available : 

DBEDIT (Database Editor) to simplify the 

set-up of SQL-tables 

REXXSQL, a facility for the programmer 

to access SQL-tables. 

Other software tools have been explored 

for acquisition in 1988 : 

for the follow-up of applications 

developments under VM/CMS the Pansophic 

package VMLIB to optimise amongst others 

the use of the resources of the system 

Excelerator from Intech, a PC package as 

application generating and analysing 

tool to reduce maintenance costs of 

programmed systems 

in the frame of SAA (System Application 

Architecture) the announced tools ADPS 

(Application Development Project 

Support), DBRAD (Database Relational 

Application Directory) as the earlier 

evaluated CSP (Cross Systems Product). 

two workstations IBM 5080 have been 

ordered for CAD (Computer Aided Design) 

applications, one for the Technology an4, one 

for the HAWAI-project. 

In the working group KRK (Kultuurraad 

der Kempen) an evaluation has been made of a 

lot of software packages for on integrated 

automation of libraries : Tobias, Vubis and 

Dobis-Libis. Results of this evaluation 

will be applied the our own library auto

mation. 

In the field of office automation the 

IBM compatible PC and the word processing 

package DisplayWrite k became the SCK/CEN 

standard for the secretariats. The related 

package DisplayWrite Assistant becomes the 

standard for other PC users. Together with 

DisplayWrite 370 on the mainframe these 

tools are systematically brought into use 

for document exchange in the frame of PROFS. 

The high quality IBM 3812 pageprinter for 

text and graphics has been made operational 

for general use. Desktop Publishing has been 

started with on a COHPAQ-386 PC with a high 

resolution screen and the Pagemaker software 

package. 

In the field of personal computing the 

Zenith-PC, IBM PS/2 and Compaq were prefer

red. Besides office automation, applica

tions continued to be situated in the 

environment of developments, programming and 

laboratory automation. Exploratory activi

ties related to several domains : networking 

and communications, distributed printing 

facilities in the DisplayWrite environment, 

the new IBM personal system nS2 as an 

intelligent workstation in the Host en

vironment and several software packages and 

programming tools. Token Ring and PC-Lan's 

have been examined for networking and modems 

have been installed on PC for access to the 

external databases and bulletin boards. ECF 

(Enhanced Connectivity Facility) and a new 

application architecture SAA (System Appli

cation Architecture) in the frame PS2-Host 

have been further investigated. 

The Autocad-package on PC-AT has been 

successfully installed on several work

stations for CAD applications. 

LAN (Local Area Network) networks with 

gateway facility to the mainframe, such as 

10-NET from Fox Research, Torus/Tapestry 

from Torus Systems and Arcnet from Data-

point, have been investigated besides the 

IBM Token Ring LAN. For successfully 

application, SNA on the mainframe is 

necessary and consequently the upgrading of 

the CPU. 

BADGE readers and a PC as concentrator 

have been ordered for the fully automation 

of the control of presence time of the 

personnel. 

3.3 EDUCATION AND INFORMATION 

For the year 1987 an education programme 

was set up aiming at a users basic training 

in four main domains : office automation, 

PC-use for several purposes, use of the 

mainframe computer and laboratory auto

mation. The total number of items was 

provided 29 : 7 dedicated to office auto-
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Second seaester 

Domain Number of Sessions 

Office 9 

PC 7 

Mainframe 5 

Laboratory 1 

Total 21 

mation, 10 to PC-use, 9 to mainframe use and 

3 to laboratory automation. Sessions were 

spread over the year in such a way that at 

least one occurs a week. Success made the 

repeating of some sessions necessary, so 

that 22 sessions took place in the course of 

the first semester and 21 sessions in the 

second semester. 

Besides, several demonstrations of 

developed applications were given bringing 

the total number of sessions up to 61 and an 

attending of 612 persons (10 persons per 

session) for the whole year 1987. 

Special sessions took place on EARN-use 

(European Academic and Research Network) on 

the mainframe and VP-Expert on PC. 

In the frame of office automation two 

special training sessions must be 

mentioned : 

- the introduction of the DisplayWrite 

family as a standard for the electronic 

exchange of documents between secretariats 

in the frame of PROFS, requested for 

specific training Department per Depart

ment. Beginning was made with the 

Technology Department 

- the introduction of the automatic control 

of the presence time of the personnel by 

the secretariats and the Personnel 

Department asked as well a specific 

training. Secretariats were trained in 

the use on their terminals of the 

developed ad-hoc computer program. 

Information is merely concerned with 

support of the user. Thirefore an INFO-

newsletter and a INFO-desk were created last 

6 

ning Progn 

Registrations Attendees 

28 72 

240 115 

50 25 

37 17 

355 229 

year and further developed in the course of 

1987. New software and hardware axe 

described in the newsletter as well as 

tendencies in the world of informatics. 

INFO-desk spent much time to distribute and 

install software on the users systems, and 

to make them the ad-hoc manuals available. 

Most questions from the users for supp rt 

were related to : 

- communications in general 

- non compatibilities between hardware and 

self installed software 

- installation of add-on cards with adjust

ment of installed software 

- execution of backups and restores disk 

- use of a large variety of printers 

First line programming 

- use of PC-software (DisplayWrite, Lotus, 

Dbase III,..) 

Furthermore, INFO-desk made about 27 

hardware configurations to be ordered for 

well defined purposes, quotations for hard-

and software and arrangements for organising 

the training sessions. 

Two editions took place of the 

INFO-newsletters, the latter of which was 

published by DTP (Desktop Publishing). 

Direct service was given by the INFO-desk, 

specifically the fabrication of qualitative 

overhead's and dia's. 

The use of PROFS has been examined by an 

inquiry. Response of 50 % was obtained from 

the 155 users pointing to a need for optimi

sation, more information about facilities, 

training and last but not least a request 

for mandatory use. 
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h. —«»*ira A » ANALYSIS 

(û. Christyn, G. Coseaans, H.R. Deckers, 

J. Vandervee) 

Further research on knowledge based 

systeas concerned the developed expert 

systea shell written in TURBO PROLOG for a 

PC and the operational specific expert 

systea for analysis of hydro-geologic data. 

The expert systea shell, written in 
Turbo-Prolog which has been locally de
veloped, will be submitted to an Al-company 
to obtain an external evaluation on the 
coaaercialisation of this product. The tool 
itself becaae operational and will underlie 
inside ES démonstrations. 

The expert systea developed for the 
treatment of hydro-geologic data runs under 
ESE (Expert Systeas Environment) on the IBH 
mainfraae computer. The tool called PUMPEX 
is described in a paper entitled "PUMPEX : 
An Expert System to analyse aquifer tests" 
by H. Deckers and J. Patyn has been accepted 
for publication in "Hydrosoft Journal". 

In the field of analysis, further 
collaboration has been given to the ad- hoc 
working group on SRA (System Response 
Analyser), a project under development at 
the Joint Research Centre of the CEC at 
Ispra. The task will be the development and 
test of a human simulation model. Further
more, in the frame of the safety working 
group of the CEC, collaboration has been 
given to problem of licensing use of 
computer systems for safety purposes on 
nuclear reactor systems. 

In the field of long term programming 
the automatic TELEX-system and the automatic 
recording and control of the presence time 
of the personnel, have been improved. The 
computer programme controlling the presence 
time of personnel has been fully implemented 
on the mainframe computer. 

APPENDIX I 
Publications and papers presented 

at seminars and symposia 

1. Patyn J., Bonne A., Ledoux E. 

Geohydrologisch onderzoek in Noord-België 

in verband net de berging van radioactief 

afval. 

Water, aug. 1987, nr. 35 

2. Patyn J. 

Contribution à la recherche hydro
géologique, liée à l'évaluation dt 
déchets radioactifs; 
cUR 1107? FR, CEC, uixeaburg 

3. Miaides T., Patyn J. 

Dispersivity determination in the neogene 

aquifer of the Caapine Belgium with the 

help of a regional hydrogeocheaical 
method; 

Mining Metallurgical Annals, n" 6<>, 
aug. 1987 

<». Deckers H., Patyn J. 

Pumpex : An expert-system to analyse 

aquifer tests; 

Hydrosoft, issue nr. 35 

5. Kretzschaar J., Coseaans G. 
Performance evaluation of air pollution 

impact assessment models, fifteen years 

of practical experience 

International Symposium Environmental 

Meteorology 29.09 - 01.10.1987 

Wiirgburg FRG 

6. Cosemans G. 

Een vingeroefening in Turbo Prolog : 

Een gebruikersvriendelijk programma voor 

het opstellen en ondervragen van minimale 

bes1issingsvormem 

Studiedag Prolog, APPLAI 09.09.87 Essene 



APPENDIX II 

PARTICIPATION AT TRAINING COURSES, SEMINARS, SYMPOSIA, CONFERENCES. 

DATE 

26-27.01.37 

03-04.02.87 

11-13.03.87 

24.03.87 

12-21.03.87 

03-10.04.87 

07.04.8? 

13-16.04.87 

29.04.87 

28-29.04,87 

20,22,25,25,27.05.87 

02.06.87 

PLACE 

Luik 

Ispra 

Brussels 

Namen 

California 

Montpellier 

Antwerp 

Brussels 

Antwerp 

SCK-CEN MOL 

Antwerp 

OBJECT 

Colloque - exposition Intel1. Artif. 

Meeting on System Response Analyser 

Westinghouse 3-day conference on 

Instrumentation and Control 

Decus symposium 

IBM/Guide Special Exchange Day on storage 

product directions + Guide '87 

SEAS organisation meeting + Spring Meeting '87 

Studiedag : "Simulatietechnieken en computergebruik 

in de energiesector." 

Course Asyst 

Studiedag KVIV "Vierde generatie Software" 

International Seminar 

- Operative Expert Systems 

IPO studiedagen "Programma ontwikkeling 

methodologiëen voor informatiesystemen." 

PARTICIPANTS 

CHRISTYN D. 

F. DE GREEF 

F. DE GREEF 

R. CARON 

H.R. DECKERS 

H.R. DECKERS 

F. DE GREEF 

J. BONNYNS 

G. PEPERSTRAETE 

J.F. DE GREEF 

H.R. DECKERS 

G. COSEMANS 

D. CHRISTYN 

G. PEPERSTRAETE 



APPENDIX II (continued) 

PARTICIPATION AT TRAINING COURSES, SEMINARS, SYMPOSIA, CONFERENCES 

DATE 

01.07.1987 

03.08.1987 

15.06.1*87 

18.09.1987 

25.09-02.10.1987 

12.10-15.10.1987 

13.10.1987 

10.11.1987 

01.12.1987 

20-21-22-23-27-28-29 

27.lO.1987 

18-20.11.1987 

2A.11.1987 

17.12.1987 

10.1987 

PLACE 

Delft 

Kopenhagen 

Dief .em 

U.I.A. 

Edinburgh 

Wenen 

I.P.O. Antwerp 

Zaventem 

Diegem 

London 

Brussels 

Leuven 

OBJECT 

Toekomstig werk Expert Systems 

STEERING COMMITTEE of the Inductive programming 

Special Interest Group 

Optische Media en CD-ROM publishing door 

ORDA-B 

Informaticaroarkt voor biblioteeksystemen 

SEAS AM87 + Executive Board Meeting 

SEAS AM87 Gebruikersgroep Database/VM & PC 

INFOMATICS 1987 

Programma Ontwikkeling Methodologieër. voor 

Inform. Sy it. bijwonen 

RENDECK : opleiding IBM software 

LAN Seminarie door Compulec 

Seminar : Practical application of AI : 

the state of the art 

Congres BVT 

Seminar Martin Haeley 

PARTICIPANTS 

G. COSEMANS 

G. COSEMANS 

I. MERTENS 

G. PEPERSTRAETE 

M. JANSEN 

H. DECKERS 

L. DRIESEN 

I. MERTENS 

G. PEPERSTRAETE 

J.P. WANMJN 

R. CARON 

H. DECKERS 

R. CARON 

G. PEPERSTRAETE 



APPENDIX III 

GUEST WORKERS AND TRAINEES 

NAME 

CLEFAS Mark 

DE GREEF Els 

PRAETS Viviane 

CUYVERS Elke 

COSTERS Els 

INSTITUTE (Country) 

H.I.K. - Geel 

E.H.S.A.L. - Brussel 

H.O.R.I.T.O. - Turnhout 

Salus Nostra Instituut - Mol 

Salus Nostra Instituut - Mol 

TRAINING and PERIOD 

03-31/08/87 

01-31/07/87 

06/07.87 - 31/05/88 

09/09/87 - 31/12/87 

10/09/87 - 30/09/87 



APPENDIX IV 

INVESTMENT HADE THE PERIOD CONCERNED 

NAME 

Personal Computers and Software 

Computer Terminals 

Automatic badge control 

CAD-System 

System Software 

DISCRIPTON 

These personal computers have been 

installed in several Departments 

for office and laboratory automation, 

in general linked to the mainframe 

computer network 

Additional terminals for general 

use ana linked to the mainframe 

computer network 

Badge readers and PC for automatic 

control of the presence time of the 

personnel 

System with two workstations for 

computer aided design and drawing 

Mainframe software for general 

application which was already in 

use but rented 

PRICE (BF) 

3.300.000,-

750.000,-

650.000,-

3.750.000,-

2.200.000,-

UTILISATI0N TIME 

100 % 

75 % 

not yet installed 

not yet installed 

100 % 
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Use of the IBM 4341 
Number of ins t a l l e d Virtual M a c h i n e s from jan 1986 
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Use of the IBM 4341 
Number of d a i l y used l i n e s f r o m 1 j a n 1987 
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Use of the IBM 4341 by the c o n n e c t e d Virtual M a c h i n e s in 1987 
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Use of the IBM 4341 by the connected Virtual M a c h i n e s in 1987 
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