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ABSTRACT 

The possibility to operate the CEC Reactors HFR and ESSOR with 

a low enriched U,Al /Al plate type fuel has be«n studied. 

Assuming that the long term reliable operation of such a fuel 

has been demonstrated, it is shown that in HFR, the use of a 

20% enriched fuel would result in a non negligeable deterio

ration of th-j reactor irradiation capabilities. In the ESSOR 

reactor, with unchanged reactor power and flux levels, the fuel 

enrichment might be decreased to about 40% by increasing the U 

loading and the thickness of the cermet meat. Further 

reduction of uranium enrichment would require in this case a 

radical modification of the fuel element design. 
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I. INTRODUCTION 

The need for engineering test reactors has been determined 

early in the history of nuclear energy. It also was recognised 

that high thermal and fast neutron fluxes should be made 

available in such reactors in order to supply test results in a 

reasonably short time. 

This requirement means 

- a small critical mass (for high thermal neutron flux ) , 

- a small core volume (for high fast neutron flux), 

which can be achieved by using highly enriched fuel. 

Hence, the first generation of high flux rtest reactors, HTR-

ETR-ATR, conceived nearly 30 years ago I'M , already featured 

the typical combination of 
235 

- Al-clad plate-type fuel with more than 90 % U, 

- water cooling, 

- Be reflecting, and 

- neutron flux levels between 10 and 10 cm s 

In Europe, this approach has been used for several test reactors, 

(BR2 Mol, R2 Studsvik, S H O E Grenoble, OSIRIS Saclay, FRG2 

Geesthacht, HFR Petten). 

Another approach has been demonstrated by the Leavy water test 

reactors, starting with the natural uranium fuelled Canadian 

NRU 121. This reactor showed one of the drawbacks of low-

enriched fuel : it had to produce 200 MW for achieving a 
14 -2 -1 

maximum thermal neutron flux of 3 x 10 cm s 

Later US end European heavy water test reactors (DIDO, PLUTO 

Harwell, DR3 Risd, FRJ2 Julich, ESSOR Ispra) have used high 

enrichments to overcome this problem 13, 4/. 

New incentives for very high thermal (and epithermal) neutron 

fluxes originated from transplutonium element production pro

grammes (HFIR Oak Ridge) and advanced beam tube neutron physics 

txperiments (HFR Grenoble). In both cases, compact cores with 

fully enriched plate-type fuel elements have been the solution. 
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The typical fuel cycle of European test reactors /5/ is shown 

in Fig. 1. 

Transport of irradiated fuel 
elemenlsto rcoroi r.irm plant 

. i 
Reprocessing and reconversion 
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Irrrdiation 
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| Fuel element fabrication I 

10 
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TJD" 

Fission products 

Supply of U n 3 t 

.Neutrons. 

Fig. 1 : HTR fuel cycle 

The development work in the lield has mainly been devoted to tech

niques of the fuel element fabrication. 

Most of the European MTR's are using elements made by powder metal

lurgy techniques Ibf, and incorporating boron as a burnable poison. 

The typical fuel enrichment is 93% U. 
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Since a reduction of the presently used fuel enrichment in test 

reactors would have the effects that the fuel would be more 

proliferation-proof, its safeguards easier and its procurement 

more straight forward, the Joint Research Centre (JRC) of the 

Commission of the European Communities ( C E O has started 

studies on this subject for its own test reactors HFR Petten 

and ESSOR Ispra which are Jtilizing highly enriched fuel (90-93% 
235 

U ) . The boundary conditions for these studies are that the 

utilization of low enriched fuel should not deteriorate the 

present irradiation characteristics, i.e. the interest of these 

research reactors should be maintained. 

-i ' 
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II. THE HFR CASE 

INTRODUCTION 

Summary of nuclear and thermal properties, and schematic 

presentation of HFR are given in Annex A. 

The new levels of enrichment considered within the scope of 

the present study have been the following : 

75 7. 235 U brief assessment of a temporary solution 

consisting of re-utilising reprocessed %spent fuel without 

re-enri chment; 

20 % 235 U : main part of this study based upon the highest 

enrichment considered non-strategical; and 
235 

5 % U : this is approximately the upper limit of readily 
available commercial LWR fuel. 

This study has been limited by a number of boundary condi

tions, viz. 

- conservation of the main reactor operating parameters, 

- conservation of all major components like core structure, 

control rods, heat exchangers, pumps, and 

- utilization of a plate-type, UAL fueL. In other words, a 

change-over to U 0 2 fuel which has the intrinsic advantage 

of more than twice the U density of UAl, is not examined 

in this paper. Study on U 0 2 fuel have been recently 

started. 

REDUCED FUEL ENRICHMENT 

1. Thermohydrauli cs 

Application of uranium with an enrichment lower than the 

present one requires an increase of the uranium content, 

thus of the "meat" volume and/or of the uranium content in 

the meat. 
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Table 1 shows the parameters of two types of elements (19 

and 15 plates) as compared to the present 23-plate design. 

Maintaining the Al clad thickness and the cooling water 

gap at their original values one obtains an increase of 

the meat by a factor of 2,14 and 3,15, respectively. The 

increase of the uranium content in the meat is limited by 

technological considerations (see Paragr. 3.2) to about 

47...50 weight '/., against 26 weight % for the present 

desi gn. 

Table 1 : Fuel content of elements with reduced number of fuel plates 

Type fuel 
element 

23 plates 

19 plates 

15 plates 

Fuel plate 
spacing 

mm 

3,45 

4,26 

5,40 

Water channel 
thickness 

mm 

2,18 

2,18 

2,18 

Plate 
thickness 

mm 

1,27 

?,08 

3,22 

Meat 
thickness 

mm 

0,51 

1,32 

2,46 

Meat volume 
per element 

444 

950 

1398 

Increase in 
meat vol. 

% 

ref 

+114 

+215 

The fuel plate cooling conditions are checked by calculating 

the maximum permissible surface heat flow (critical heat 

f l o w ) . 

For the HFR the critical power (P ) is determined by the 
c 

requirement that under the existing process conditions and 

for the applied reactor core loading none of the fuel 

elements (or control rods) may exceed its critical power 

(P ) . P and the corresponding surface heat flux are 

evaluated by the so-called bubble detachment criterion 111. 

From the applied criterion it follows that the critical power 

is proportioi.al to the heated area. In case of the 19 and 15 

plates elements the heated areas are reduced by 17 and 35 '/., 

respectively, with regard to the present 23 plates elements, 

see Table 2. 
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Moreover, according to the above mentioned criterion the 

critical power is also proportional to the coolant velocity. 

For the present core configuration the coolant channel 

cross section is calculated for the three types of fuel 

elements, see Table 2. The related coolant velocity in 

the cooling channels is then calculated using relations 

for the pressure difference over the core and the piping 

of the primary system / 8 / . 

For the present situation the nominal primary flow through 

the core is 4100 m /hr, while the bypass flow through the 

former D ?0 tank is maintained at 200 m /hr. The calculated 
4 2 

pressure" difference over the core is 10,2 x 10 N/m 

which is in good agreement with the measured value of 

10,7 x 1 0 4 N/m 2. 

Using the primary circuit pressure drop equations and the 

characteristics of the primary pumps, the flow and the 

coolant velocity in the channels of the considered fuel 

elements have been derived. The results are given in 

Table 2. It is seen that the coolant velocity shows an 

increase of 16 and 33 % for the 19 and 15 plates elements, 

respectively, with regard to that in the 23 pLates 

elements. 

According to the used bubble detachment criterion the maximum 

allowable power of an element is proportional to the product 

of the heated area and the coolant velocity, provided the 

dimensions of the cooling channel and the number of fuel 

elements remain unchanged. The reduction of the number of 

fuel plates and the increase in coolant velocity result for 

the 19 to 15 plate element in a power density reduction of 4% 

and 13%,respectively. 

From the results it is concluded that in the HFR a transition 

from elements with 23 fuel plates to elements with a smaller 

number of thicker plates has no great influence on the 

allowable power density as long as the number of plates is larger 

or equal to 19 and the coolant channel geometry remains 

unchanged. 
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Table I : Influence of heated area and coolant velocity on 
allowable power density 

Type 
fuel 
ele
ment 

23 
plates 

19 
plates 

15 
plates 

Heated 
area per 
element 

1<fV 

17429(ref> 

14398(-17%) 

11367(-35%) 

CooIi ng 
channel 
cross 
section 
(Fig.3) 

10-V 

1675 

1396 

1168 

Total 
prima
ry 
flow 

m hr 

4300 

4175 

4000 

Core 
prima
ry 
flow 

m hr 

4100 

Pressu 

pump 

l04Nm-

33.5 

3975 i35.3 

38'"> : 37.3 
i 

re differences 

piping core 

2 . 104Nm"' 

104Nnf? 

23.3 

21.9 

20.1 

10.2 

13.4 

17.2 

Channel 
coolant 
velocity 

-1 
m s 

6.80(rcfl 

Influence 
on allow
able power 
density 

% 

ref 

I 
7.91 (t16%) -4 

( 
9.04(+33%) -13 

I 

2.2. Nuclear Characteristics 

5 % 2 5 5 U 

First estimations have shown that a core with 5 % enriched 

UAl-plate-type elements would be inoperable. This merely 

confirms the change-over to an entirely new type, like the 

French "CARAMEL" 191 for low enrichments. 

Studies on low-enriched UO, fuel elements have been recent

ly started. 
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20 % 2 3 5 U (HEU fuel) : 

For the present core configuraton with 33 fuel elements, 

6 control rods and 17 standard experiment assemblies 

and for a core with 2 extra fuel elements in positions 

H4 and H6 (see Annex A) a number of calculations have 

been performed for fuel elements with 207. U (MEU) 

and 90-93% 2 3 5 U (MEU) /10/. 

In Fig. 2 the neutron spectrum (above 0,6 eV) in the 19 
235 

plates elements with 314 (initially 390) gram U (20% 
enriched) is compared with that in the present 23 plates 

235 
elements with the same amount of U (90% enriched). 

It is seen that the deviations are rather small. Above 

3 MeV the flux density remains practically unchanged, 

between 3 MeV and 100 eV the flux density is about 16% 

higher and below 100 eV a number of dips of 10 to 20% 

occur. 

On one hand the absolute fast neutron flux level would 

increase by about 16% due to a reduced fraction of mo

derator in the core unit cell (19 vs. 23 cooling channels), 

on the other hand it would decrease as a consequence of 

reduced permissible power density. 

The reduction in power density originates from : 

- the decreased number of fuel plates per fuel element, and 

- the increased number of fuel elements, required for 

reactivity reasons, and possible flux (hence power) 

peaking effects in the fuel plate corners. 

All in all the available fast neutron flux would remain 

unchanged compared to the present core. 

As far as thermal neutron fluxes are concerned, the higher 

critical mass of the MEU core would result in an extra 

reduction of about 10%. All in all the thermal neutron 

flux will decrease by about 25%. 
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Table 3 compares relevant parameters of the present core 

and cf an operable 20'J enriched core. The 15-plate 

version has been ruled out by its inadequate reactivity. 

The reactivity of the 19-plate MEU version is acceptable 

as the reactivity effect of the parasitic absorption in 
-* -r Q 17 C 

U and the lower H/ U ratio is compensated by the 
10 

omission of the burnable poison ( B ) . 

Table 3 : Multiplication factors of HFR cores with HEA and MEU fuel elements 

C c e 

type 

=3 B 

2 ^ E 

3 3 ' 
SI t 

Number 
of fuel 
c l e m . / 
control 
rods in 
the core 

33 /6 

33/c 

35 /6 

Init 
U 

e n r i c h 
ment 

% 

9 0 . 

9 0 . 

20 

93 

93 

ial 

con ten t s 

F . E . 
tg) 

0 

* ) 
1,0 ' 

0 

Numbc 
pl.3 

F . E . 

r of fuel 
t e s 

an. 

23 19 

19 16 

Init 
U 

weight 
in the 
"meat" 

<%) 

18 

26 

47 

ial 
2 3 5 U 

r . E . 

tg) 

21 n 

390 

390 

Ttass 

C .R . 

(g) 

170 

270 

270 

... , 

Overal l 
nverage 
Z 3 5 U 

(g) 

1 9 1 , 5 

1 5 1 , 0 

2 7 7 , 5 

24 0 ,0 

3 0 6 , 5 

2 7 1 . 0 -

Pu 
con 
ver
sion 
rat io 

0,01 

0,01 

0,15 

Keff 

w i th - with 
out 
Pu Pu 

1,063 

I ,011 

1,030 

1 ,02 0 

1 ,029 

1,005 

1,063 

1,011 

1,030 

1,020 

1,031 

1,013 

eff 

over the 
c y c l e 

0 ,052 

0,01 

0,021 

C.R. 

d i s p l a 
cement 

cm 

20 

4 

8 

C a s e 

ear l ie r 
co res witl 
out 10B 

r e s e n t 

s tudisd 

10 
*) Average fuel element B-contents are 0.39 and 0.213, 

for the beginning and the end of a reactor cycle, 

respectively. 
1^5 149 

= beginning of cycle (after ' Xe and Sm saturation) 

E = end of c>cle. Fu«»l life time in present case and in 

case of MEU is 5,5 and 5 reactor cycles, respectively. 

F.E. = fuel element 

C.R. = control rod. 

The reactivity loss during a cycle for MEU is more than twice 

as high as for the present core. The corresponding control 

rod displacement of 8 to 10 cm is a major nuisance to in-core 

experiments (unstable neutron flux and nuclear heating con-

di tions). 
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Fig. 2 : HFR neutron spectrum, with a 20%-19 plates core compared to 
the present 90%-23 plates configuration, normalised to the 
same number of fissions per unit volume 

235 
75 % " 3 U 

Another estimation has been made for 75 % enrichment, with 

the idea of temporary utilisation of recycle MTR fuel 

without re-enrichment. Although such an element is feasible, 
235 

using higher U contents for compensating the parasitic 

captures in U and U, and with some losses in available 

neutron fluxes, a fuel element of this type is not an attract

ive proposal : a still fairly high-enriched fuel would namely 

be required, and development would have to be invested into 

new calculation and production methods for a solution rather 

limited in its time of application. 
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3. FUEL TECHNOLOGY 

3.1. Present Fabrication Techniques 

The fabrication of the traditional MTR plate fuel element 

follows well established techniques. 

Earlier problems with this type of fuel mainly consisted 

in "dog bone" shaping of the UAl core insite its cladding, 

insufficient bonding between core and clad, and UAl grain 

identations into the inner clad surface. Moreover, 

pitting corrosion had occurred due to impurities in the Al 

clad of certain elements (not in HFR Petten). 

3.2. Design of a 20 % 2 3 5 U HFR Plate Element 

It has been shown in Paragr. 2 that thermohydraulic and 

nuclear considrations result in a design with 19 thick 
235 

plates and 390 g U per element. This in turn means a 

total U mass of 103 g per plate to be accomodated in 

1,32 mm core thickness and by incrasing the U fraction in 

the UAl from presently 26 to 47 weight %. 

The new layout obviously would require investigations into 

manufacture techniques and irradiation behaviour. 

Anyhow the high U fraction would increase the hardness of 

the fissile core, probably requiring the application of a 

harder Al alloy (Al-Fe-Ni). The traditional problems 

mentioned in Paragr. 3.1 would add to new assembly 

uncertainties. Moreover, it has to be assumec that the 

thick plates cannot be curved and that adaptations to the 

present HFR core box and core elements would be necessary 

in order to accomodate the "straight" element (Fig. 3 ) . 
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Development Work 

As stated above, the main development requirements are 

anticipated to be in the hot and cold rolling stages of 

fuel plate manufacture. These have therefore to be 

examined by a series of test plates with natural uranium 

cores to be submitted to non-destructive and destructive 

examens. 

The next steps would then be 

- assembly tests with U plates, 
ndt 

- hydraulic tests on dummy and on U plate elements. 
Dot test irradiation and post-irradiation examens on U 

plate elements, 
nat 

- test irradiation and post-irradiation examens on elements 
235 

to final specifications (20% U ) . 

The time required is estimated to about two years before 

a positive decision for a change-over could be taken. From 

that point another year has to be allowed for before a com

plete new core can be installed and operated. These estima

tions are based on similar development exercices which have 

been carried out when the original MTR fuel element was 

first introduced, later during the HFR power increases, 

and for the introduction of the present burnable poison 

fuel element. 
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4 . FUEL CYCLE AND COST ESTIMATES 

4 . 1 . Fuel Cyc le P l a n n i n g 

T a b l e 4 compares t h e p r e s e n t to a p o s s i b l e MEU f u e l c y c l e . 

Table 4 : Comparison of the annual fue l cycle character ist ics of HFR 

Reactor po.<er 

Annual operation time 

H3 of plates per element 

N3 of pLates per control rod 

N* of used fuel elements 

N* of used control rods 

Average discharge burn-up 

235.. - . .. U enrichment 
235 

Annual net amounts, U 2 3 6 u 
2 3 8 u 
239-

Pu 
240-

Pu 

T o t a l , heavy metals 

T o t a l , f i ss ion products 

Overall to ta l 

MU 
th 

days 

— 

— 

~ 

~ 

% 

% 

kg 

kg 

kO 

kg 

kg 

kg 

kg 

kg 

High 

IN 

93 

30,4 

— 

2,4 
— 

— 

32,8 

— 

32,8 

enrichment cycle Medium enrichment cycle 

45 

285 

23 

19 

66 

17 

53 

OUT 

74 

14,4 

2 ,7 

2,3 

0,08 

— 

19,5 

13,3 

32,8 

19 

16 

77 

22 

43 

IN 

20 

36,0 

~ 

143,9 

— 

~ 

179,9 

— 

179,9 

OUT 

12 

20,5 

2,7 

141,6 

1,6 

0,2 

166,6 

13,3 

179,9 

The o v e r a l l f u e l c y c l e scheme would remain t h e same as shown 

in F i g . 1 , w i t h o p e r a t i o n 4 r e a d i n g " e n r i c h m e n t to 20%" . 

The a v a i l a b i l i t y of r e p r o c e s s i n g f a c i l i t i e s f o r the r e s i d u a l 
235 

12% U fuel, possibly in Europe, remains to be examine . 

Such a MEU cycle would produce about 1,8 kg Plutonium per 

y •:•. a r . 
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4.2. Comparative Annual Cost Summary 

A comparison between the annual cost of the two cycles is 

given in Table 5. The figures approximately correspond to 

the 1978/79 price levels. It should be noted, however, 

that the MEU fuel element manufacture prices are yet 

unknown and therefore this comparison should be considered 

as very preliminary. The figures adopted average 

estimations forwarded by several suppliers. An increase 

by 30 % with regard to the present elements due to more 

difficult rolling as well as to new tooling and inspection 

requi reirents, has been assumed. 

Table 5 : Comparison of the annual net fuel cycle cost 

• : \ 

Initial enrichment 

Ar.rtual net fuel comsumption 

Required annual gross uranium 
quantities, 235 

U , 
total 

Annual reprocessing 
requirements 

N" of used fuel elements 
N* of used control rods 

Manufacture cost, 
fuel element 
control rod 

Annual cost 

Fuel element manufacture 
Control rod manufacture 

Feed uranium 
Enrichment 

Reprocessing,reconversion 
Transports,insurances 

TOTAL ANNUAL COST (x) 

% 2 3 5U 

kg235U 

kg 
kg 

kg(U+Al) 

8103 

8103 

81o| 
810 

8103 

810 

8103 

8103 

8103 

High I Medium 
enrichment cycle 

93 

16, 

31,3 
33,7 

374 

66 

17 

4,5 
8,6 

297 
146 

398 
435 

187 
130 

1.590 

20 

,02 

37,1 
185,4 

600 

77 

22 

5,9 
11,2 

454 
246 

405 
423 

300 
170 

Remarks 

for 12825 MWd 

1 including 
j 3% losses 

j see Table 4 

2.000 | 

Assumed unit prices : 

Feed uranium : 120 8/kg U 
a nat 

Enrichment : 100 8/kg SWU 

Reprocessing and reconversion : 500 8/kg (U+Al) 

(x) rounded off 
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Transition Expenses 

Elements 

The transition to medium-enriched fuel elements would cause 

develop., ent and adaptation costs (see Paragr. 3.3.). It 

might imply expenses for the necessary increase of the 

overall uranium inventory. 

In the following rough estimation of costs it is assumed 

that the development of such MEU type fuel has been 

already accomplished, and that its reliable long term 

behaviour has been demonstrated within specific fu«l 

development programmes, the cost oi which are not consi

dered here. 

The adaptation costs of such a developed fuel to the HFR 

characteristics could be estimated as follows : 

rolling and assembly tests t 35 x 10 

hydraulic tests 10 

U test irradiation and post-

irradiation examens 160 

20% enriched elements, test irradiation 

and post-irradiation examens 215 

The different geometry of the new elements requires the 

replacement of other in-core components : 

30 beryllium reflector element* t 390 x 10 

30 Al filler elements for experiment 

positions 40 

Expenses for revised safety report and licensing of the 

new fuel would be in the order of 2 100 x 10 . 
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Fuel Cycle 

The required total uranium inventory depends on fuel cycle 

duration and annual gross input. Presently, the best esti

mation for the fuel cycle length is 3,6 years, composed of 

the following average dwell times : 

pre-irradiat ion storage 

irradiation, intermediate storage 

cooli ng time 

transport, reprocessing, reconversion, 

enrichment 

manufacture of fuel elements 

8 months 

9 months 

7 months 

10 months 

9 months 

43 months. 

This implies total inventories of approximately 

61 kg U at 93% "| 
>• for the present HEU cycle 

59 kg U at 7 4 % J 

340 kg U at 20% 

320 kg U at 12% 
for the studies MEU cycle 

Provided that a satisfactory change-over strategy can be 

applied, the tiansition from one to the other uranium 

inventory might be achieved without significant extra 

cost. 

Experiments 

Losses of quality and quantity of the test irradiations 

during the transition time would be unavoidable, but 

cannot be expressed by additional cost figures at this 

stage. 
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CONCLUSIONS 

Assuming that the long term reliable operation of such MEU 

fuel elements is demonstrated, this preliminary study shows 

that the operation of HFR Petten with this 20% enriched fuel 

would have the following consequences : 

. The thermal neutron flux would be reduced by about 25%, 

and the fast neutron flux would remain unchanged. 

. The change of the local neutron flux during one reactor 

run would be more pronounced due to the increased control 

rod movement : i.a. : locally less stable irradiation 

condi t i ons. 

. The number of irradiation position would be decreased. 

. The fuel cycle cost would b»» notably increased, and 

transition costs would be inavoidable. 

. The fuel cycle would produce approx. 2 kg plutonium per 

year. 
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III. THE ESSOR CASE 

INTRODUCTION 

Summary of nuclear and thermal properties, and schematic 

presentation of ESSOR are given in Annex B. 

In the following the various possibilities of reducing the 

uranium enrichment in the drivei—zone fuel of the ESSOR 

research reactor are considered. 

The basic assumptions used for the analysis are that reactor 

power and flux levels would remain unchanged and that modi

fications of fuel element design would be within the range 

of current fabrication and performance Limits. 

ESSOR DRIVER FUEL ELEMENTS 

12 experimental channels art enclosed within a ring of 16 

MTR-type fuel elements ihich constitute the driver zone. 

The active length of these fuel elements is 150 cm, see 

Fig. 4. They are composed of 6 concentric fuel plates on a 

3-wing structure fixed within an outer tube. The structural 

components are fabricated from an aluminium alloy. 

Until 1974 the fuel itself was a U-Al alloy, with 90% 

enriched uranium and 462 gr U-235 per fuel element. Since 

1975 increasing use has been made of fuel elements, 

identical geometrically, but with a uranium aluminide UAL 

dispersed in Al as the fuel meat. These elements, with 

their higher uranium loading (650 gr U-235 per element), and 

the possibility of including burnable poisons, allow greater 

reactivity control to cover higher experimental loadings, 

provide the basis for future use of even higher uranium 

loadings and thus the possibility of reduced uranium 

enri chments. 

The reactor power is approximately 25 MW, generated essen

tially in the driver zone. 
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INCREASED U LOADINGS AND REDUCED ENRICHMENT OF THE DRIVER ZONE 

Three approaches to reduced uranium enrichment (within the 

above assumptions) can be foreseen, each based on increasing 

the total uranium loading per fuel element. In incrasing 

order of difficulty these are : 

- increased U loading in the UAl /Al (cermet) meat, with no 

other modifications; 

- as above but increasing the meat thickness and reducing 

the clad thickness; 

- radical modification of fuel element design. 

1. Increased U Loading in Cermet 

The present fuel elements of this type have 22% by volume 

of UAl in the cermet meat. From the literature it seems 

that this loading can be increased to 40% even though the 

burnup performance has been established only for small 

plates. 

Diffusion theory calculation have been performed to esta

blish the effect on the enrichment, and show that with 52% 

enrichment the operating cycle would be satisfactory. 

2. Increased Heat Thickness 

The present meat thickness is 0,508 mm within a clad of 

0,381 mm thickness. There appears to be no problem in 

increasing the tickness to 0,77 mm and perhaps reducing 

the clad thickness to 0,25 mm (if a slightly greater clad 

thickness would be require^ it seems possible to reduce 

the water gap thickness but the effect on primary circuit 

thermohydraulics would require investigation). This solu

tion is shown in Fig. 5. 

Extrapolating the calculations of Point 1 the enrichment 

for this case could decrease to approx. 40%. 
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3.3. Radical Modifications of Fuel Elements Design 

Over the years various new fuel element designs have been 

studied, all with the aim of increasing the uranium 

loading and some to give better experimental capabilities. 

These modifications range from further increase of meat 

thickness with the existing concentric tubes (Fig. 6) to a 

completely new turbine-type element using involute plates 

(Fig. 7 ) . All have major repercussions on the primary 

circuit thermohydraulics, and various degrees of diffi

culty regarding fabrication and burnup performance. For 

these reasons a substantial development programme would be 

necessary to optimise the variations. 

Depending on the results of this programme a potential for 

a further reduction of uranium enrichment exists. 
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Fig. 7 : Involute (turbine) fuel element 
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CONCLUSIONS 

It appears from the study that keeping the present reactor 

power and flux levels, the enrichment of the ESSOR fuel 

element might be decreased, from the actual 90-93% to 52% 

by increasing the U loading in the cermet meat. An addi

tional decrease to approx. 40% might be obtained by 

increasing the meat thickness and reducing the clad thick

ness. Further reduction of uranium enrichment would 

require a radical change in the fuel element design. 
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ANNEX A 

HFR PETTEN 

Table A1 : HFR data sheet 

Fig. A1 : HFR reactor core 

Fig. A2 : HFR reactor 
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Table A1 : HFR data sheet 

reactor power 
number of fuel assemblies 
number of control members 
number of in-core irradiation positions 
number of reflector irradiation positions 
number of horizontal beam lubes 
number of pool s;de facility positions 
fuel charge of fresh fuel assemblies 
boron charge in the side plates of fresh fuel assemblies 
total fuel charge 
volume of core 
average thermal flux density in inner fuel position 
maximum thermal flux density in inner fuel position 
maximum fast flux density in in-core cxperim. position 
max. thermal Jlux density in in-core experim. position 
typical nuclear heating in graphite: in-core positions 

reflector positions 
pool-side facility 

flow rate of p.imary coolant 
coolant speed in fuel assembly 
coolant speed in filler element 
inlet temperature of coolant 
outlet temperature cf coolant 
temperature difference across the reactor core 
average heat flux density in mid position 
maximum heat flux density in mid position 
absolute pressure above reactor core 
pressure difference over the reactor core 

45 MW 
33 
6 
9 
8 
II 
i : 
3'>0 g :j*U 
! 111U ms ,0B 
11 kg : % 
0.2 m3 

1.5 x 10" m ' V 
2.1 x 10" rrf2.s" 
->.Ox 10" m":.s" { 
2 . 0 x 1 0 " m - V l 

I3W/g 
0.1 W/g 
4W/g 
4.;o.;V/h 
7.1 ni/s 
0.2 to 7.1 m/s 
313K(40"C) 
323 K(50'C) 
10K 
1.00M\V/m2(100Wrm:) 
1.60 M\V7m2( 160Wciri! 

340kN/m2(3.4bar) 
110kN/m:(l.l bar) 

fresh fuel loading 
of the fissile 
control member 
followers'. 270g 

equivalent fission flux 
density (see section 6) 

maxima 
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NORTH 

WALL 
REACTOR 

BEAM TUBES 

FUEL ASSEMBLY 

CONTROL MEMBER o 
BERYLLIUM OR ALUMINIUM 
REFLECTOR ASSEMBLY 

EXPERIMENT ASSfMBLY 

I'lF 
MB 
IIFI'IF 
I'ROF 
lik 
I'R I 
FASY 
FIT 

Pool side isotope facility 
Horizontal beam luhe 
Hidi tlux density pool-side isotope facility 
Pool side rotating facility 
Hydraulic rabbit system 
First pneumatic rabbit system 
Second pneumatic rabbit system 
Fissile isotope target 

F i g . A1 : HFR r e a c t o r core 
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1. Cover (see insert) 

2. Pcnet rations 

3. Reactor vessel 

4. Control member 
absorber section 

Horizontal beam tubes 

6. Reactor core with fuel 
and reflector elements 

Control member 
fuel section 

Control member 
connection to drive 
mechanism 

Pool side facility 

10. Feed mechanism for a 
PSF rig 

11. PSF rig in position 

12. Extension tube with 
power supply lines 

a HFR and pool-side.facility (PSF) with a rig in the pool-side facility. 
b New cover: Central Reactor Top Lid (CRTL). used since August 1976. 

F ig . A2 : HFR reactor ( v e r t i c a l ) 



- 32 -

ANNEX B 

ESSOR ISPRA 

Table B1 : ESSOR data sheet 

Fig. B1 : ESSOR reactor core 

Fig. B2 : ESSOR reactor 
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Table B1 : ESSOR dato sheet 

CORE 
Active dimensions 118 cm diam. - 154 cm height 
Sub assemblies 16 driver zone fuel elements. 6 concentric plates 465 g "-U ea;h (type 1) 

or 600 g =»U each (type 2) 
12 experimental zone positions 17 cm max diam. 
4 peripheral zone positions 7.5 cm max diam. 

Moderator 12,000 kg D*0 at SO "C average lemp. and I atm operating pressure 

CONTROL 
Safety rods 4 BtC mechanical type (3% antireactivity in 2 s) ? 

3 U3OB1 liquid type (5"/. anlircactivity in 0.2 s) 
Shim rods 10 Cd mechanical type (15% antircactivity at 0.007%fs) 
Control rods ? SS mechanical type (0.8% antircactivity at 0.04%/s) 

VESSEL material SS. AiSI 304 L 41) cm height 
238 cm diam. 

design pressure 8 kg/cm: 

HANDLING Driver zc Iclmg machine 
max capacity inner diam. 14 cm; 

inner height 573 cm 
Experimental zone loading machine 
max capacity inner diam. 24 cm; 

inner height 935 cm 

OPERATION PERIOD I" TYPE 
Shut down frequency 50 days 
Shut down period 8 days 

OPERATION PERIOD 2° TYPE 
Shut down frequency 22 days 
Shut down period 4 days 
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Experimental ?one ch.inncls 

Safety rod 
channels 

Two phase 
control rod 

cfianne' 

F i g . B1 : ESSOR r e a c t o r c o r e 
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w~a 
I) Reactor Vessel; 2) Thermal Shield; 3) Lower Shield; 4) Dupm Syslem; 5) Experimental Channels; 

6) Driver Fuel Elements; 7) Control Isotex Rods; 8) Rod Drive. Mechanism; 9) Primary Coolant InleL 

Fig. B2 : ESSOR reactor (vertical) 


