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This paper describes the design of a facility which has been mounted in the 
RB-1 reactor to allow k-inf measurements of D 20 lattices by PCTR technique, 
k-inf measurements on ORGEL lattices are complementary to the buckling 
measurements performed at the Euratom Ispra JNRC on exponential (EXPO) 
and critical (ECO) facilities. 



Part I describes neutronic design criteria of the facility, with particular 
reference to the errors introduced in the measurements by neutronic flux 
non-flatness and spectrum mismatch in the test cell. 

Part II illustrates the design of the facility according to the experimental 
requirements, with special regards to some characteristic components. 
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SUMMARY 

This paper describes the design of a facility which has been mounted in the 
RB-1 reactor to allow k-inf measurements of D 2 0 lattices by PCTR technique, 
k-inf measurements on ORGEL lattices are complementary to the buckling 
measurements performed at the Euratom Ispra JNRC on exponential (EXPO) 
and critical (ECO) facilities. 

Part I describes neutronic design criteria of the facility, with particular 
reference to the errors introduced in the measurements by neutronic flux 
non-flatness and spectrum mismatch in the test cell. 

Part II illustrates the design of the facility according to the experimental 
requirements, with special regards to some characteristic components. 



CHARACTERISTICS AND DESIGN OF A FACILITY FOR K-inf MEASUREMENTS 
ON D20 LATTICES IN THE RB-1 REACTOR 

Introduction 

In the frame of the cooperation between Euratom and CHEN a L?0 . 
facility has been installed in the RB-1 pile of Bologna [Ί ] · 
The criticality of the RB-1 pile with this in pile facility was 
reached on October 21, 1965. 

This will permit the execution of k-inf measurements, according to 
the PCTR technique, on heavy water lattices, thus extending the use
fulness of the RB-1 pile which was until now used for the investiga
tion on graphite lattices. 

The experimental program will deal first with the measurements on 
ORGEL-type fuel elements [2 J (until the end of 1966) and it will 
continue with the analysis of lattices in the framework of the 
CIRENE project. The k-inf experiments will be completed by a series 
of detailed parameter measurements such as initial conversion ratio, 
fast fission ratio, etc., by the activation technique. 

The ORGEL experiments will be carried out with three types of fuel 
elements: 
1) a 19-rod, natural uranium metal cluster (lM-19), cooled by an 

organic liquid (diphyl, eutectic mixture C.?H.n - C.-ÏÏ....O) 
2) the same as 1) with a slight enrichment in plutonium 
3) a 7-iOd, natural uranium carbide cluster (UC-7), cooled by diphyl. 

Several square lattice pitches will be investigated, ranging from 19 
to 27 cm. 

It must be noted that the UM-19 and UC-7 fuel elements have been or 
are being tested on the Euratom exponential and critical facility, 
EXPO and ECO, installed at Ispra. 
In EXPO the material buckling of the ORGEL lattices is evaluated by 
measuring the relaxation length of the assembly by the activation 
technique. 

In ECO the material buckling is determined for the UM-19 lattices by 
flux mapping and for the UC-7 lattices by the progressive substitution 
technique ¡~3J. 

manuscript received on October 6th, I966 
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In all the above mentioned measurements on RB-1, ECO and EXPO, the 
same fuel elements will be used, so that a quite clean cross checking 
of the different experimental methods of obtaining the overall lattice 
neutron balance of a typical heavy water reactor will be possible. 

In particular, the k-inf measurements on RB-1 will allow in combina
tion with the ECO and EXPO experiments a test of the theoretical 
models for the evaluation of the neutron leakage in an ORGEL-type 
reactor. 
A detailed illustration of the PCTR technique is found in references 

E>E · 
Here only a brief analysis of the method is presented as an introduc
tion to the design analysis of the facility. 
The k-inf of a multiplying medium can be obtained from the measure
ment of the amount of thermal absorber to be added to the medium for 
reducing its k-inf to 1. 
In the ideal case of an infinite critical homogeneous reactor (k-inf = 1), 
no reactivity changement occurs when vacuum is substituted to a portion 
of the medium. 
In a finite heterogeneous lattice it is necessary to obtain in the test 
cell the same asymptotic spectrum and flux distribution as exists in the 
Infinite critical reactor. The amount of thermal poison necessary to 
obtain a null reactivity signal when the test cell is substituted by 
vacuum is determined, k-inf is evaluated from the amount of such thermal 
absorber and from the thermal neutron density distribution across the 
cell. 
In a facility designed for k-inf measurements by such a technique, three 
regions are generally found: 
a) an external feeding zone, loaded with enriched uranium; 
b) a "buffer zone", i.e. some cells similar to the test lattice, 

designed to yield the asymptotic spectrum in the test central 
cell; 

c) the test cell to be poisoned and substituted by vacuum in reactivity 
measurement and allowing thermal utilization factor measurement. 



In the RB-1 ORGEL facility, the feeding zone is the same as that of 
the RB-1 pile and it is constituted by some rings of enriched ura
nium fuel elements in a graphite moderator. The central cavity of 
the pile (1 m diameter) is filled with the "buffer" zone: a special 
vessel has been designed for containing the ORGEL lattice. The vessel, 
the D?0 and nitrogen loops and the central special fuel elements, have 
been designed and constructed at CCR Euratom Ispra. 

A description of the criteria used for the neutronic design of the 
ORGEL tank region is given in Part I. The mechanical design of the 
DpO system will be described in Part II together with a general 
description of the overall facility. 
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Part I 

Neutronic design criteria 

1. Checking the feasibility of flux matching and flattening 

The main design problem, from the neutronic point of view, was to 
obtain criticality while respecting the infinite medium conditions 
in the central test cell. 

In fact from a first calculation it appeared that the amount of en
riched uranium pellets available to feed the graphite driver zone 
was not enough to permit criticality when the ORGEL tank was installed. 
This made it necessary to increase the U-235 mass of the feeding zone 
by putting in the periphery of the D O tank region a certain number of 
highly enriched plates, thus reducing in practice the size of the buf
fer zone. 
As a consequence it was necessary to check if, in such conditions, the 
spectrum could be matched and how many thimbles in the buffer region 
would be necessary in order to get the flattening of the flux distri
bution in the test cell. 
This check has been carried out by a series of calculations in condi
tions which simulated the experimental procedure. 
The actual geometry of the RB-1 reactor with the D?0 in-pile facility 
in the center was represented as closely as possible by means of a 
schematization in an r-z geometry as shown in fig. 1 a,b. In the Dp0 
tank there are inserted 13 ECO reference elements, the central one 
containing the test cell of 60 cm length and a radius of 10.6 cm which 
corresponds to the square pitch of 18.8 cm of the ECO lattice. The ECO 
reference elements are surrounded by 16 standard driver elements (see 
part II), with 20 <fo enriched fuel which are inserted into the D?0 tank. 

The "correct Cu-mass", that is the Cu-mass which corresponds to the 
theoretical k-inf value at this pitch k-inf = I.O785I (calculated by 
the code CAROLINA, ref. JJ.J) is 

7.41 g/cm /*<U.' 
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or in the case of a 60 cm long test cell a total mass of M^ ' = 445 S Cu. 
CU. 

By replacing the test cell by void the reactivity change of the reactor 

is calculated with the two dimensional twogroupcode EQUIPOISE 3 for 

different copper masses finding in such a way the "experimental Cumass", 

M
e
 , that corresponds to a zero reactivity change of the assembly. 

This calculation has been performed for three different degrees of flux 

flattening which were obtained by inserting into the thimbles at a ra

dius of 35 cm fuel elements with different active length t (see fig.1a) 

at top and bottom. By changing £ the axial flux distribution can be 

influenced to a considerable degree when 20 'fo enriched fuel pellets 

are used in these leveller elements. Figures 2, 3 show the axial flux 

distribution in the three different cases. (This flux distribution re

fers to the case where only the test cell has been poisoned and where 

the surrounding ECO region is unpoisoned.) 

From each value of the copper mass corresponding to a zeroreactivity 

of the pile, the "experimental kinf" can be derived. The difference 

Θ X"D "fc l· 

between "kinf " and "kinf " as a function of the flux flatness 

over the test cell is plotted in curve I of fig.6. The flux flatness 

2 
has been characterized by a quantity called m_ which is related, as 

explained in section 2, to the axial and radial flux flattening of 

the pile. 

It is seen that the error increases linearly with the nonflatness 

and that in the case of an unpoisoned ECO buffer (curve ï) and a per

fectly flat flux (m„ = θ) the mismatch error is about 0.4 Í<¡ in kinf. 

In the case of a poisoned buffer however the spectrum matching is good 

and the nonflatness is the only source of error. 

In fig. 4 the ratio of fast to thermal flux is plotted axially along 

the test cell, for the case in which the buffer cells are not poisoned. 

This ratio is about 3 % higher in the poisoned test cell than in the 

surrounding medium due to the increased thermal absorption in the test 

cell. This corresponds to about the same relative difference in the 

Cdfatio of a gold detector. For the case of a poisoned buffer region 

the ratio of fast to thermal flux in the test cell was found 



8 -

= 0.944 
pois. ECO 

which is very near to the theoretical value that is given by 

In fig. 5 "the radial flux distribution in the whole pile is shown for 
the case with unpoisoned and poisoned test cell and unpoisoned buffer, 

2. Approximate relations for spectrum matching and flattening evaluation 
In order to have quick methods to check the spectrum matching and flat
tening, simplified expressions may be derived, in the frame of two-group 
perturbation theory. 

- Spectrum effects 
It has been shown (ref. [5~\) that the error on k-inf due to a spectrum 
mismatching can be evaluated by the formula: 

.., ί^ιγ ft-feXS-fe) 
■>eo 

where 

ψ and 0 are respectively the flux and the adjoint flux 

1 and 2 refer to the fast and thermal energy group 

$ge refers to the values for an infinite medium. 

- Flattening effects 

The effect of non flattening on k-inf can be expressed by a simple 

approximation of the flux distribution over the test cell: 



where R and H are the radius and height of the test cell, 
2 

*£ and L are the Fermiage and the thermal diffusion length in 

the medium and OÍr¡and Cs^are the nonflatness parameter defined by 

, t flux at the center of the cell in group i /,\ 
r
'


 flux at the cell boundary in radial direction in group i ^ ' 

. < flux at the center of the cell in group i / .·» 

*
L
 " flux at the cell boundary in axial direction in group i ^ ' 

In order to check the validity of these two simplified formulae, they 

have been used to evaluate the errors in kinf due to spectral mismatch 

and non flatness of the flux for the case of fig. 1. 

Λ 63ΓΤ) "bh 
kinf = kinf

 y
  kinf , 

as evaluated by formulae (ï) and (2). 

From the curve III, as compared to curve I, it can be seen that 

 the spectrum effect is underevaluated by the simplified formula 

(0.1 <fo in kinf instead of 0.4 $ for m f = 0) 

 the flattening effect is also too low. In fact from the EQUIPOISE 

calculations (curve ï) it is found, for the axial flattening effect, 

that 

4 
-zas - -

1
·

0
 ·

10 

The corresponding v a l u e s , derived from ( 2 ) , i s 

¿Ko 
^ - . 10"

4
 = - 0.13 . i o "

4 

Δ ^ 3 H
2 

It is interesting to note that the EQUIPOISE result is confirmed by the 

experiments performed in PLATR (Pawling Lattice Test Rig) by Brooks et 

al. [6 J where the following relationship.; has been found between the 

error in kinf and the nonflatness of the axial thermal flux: 

A*- 4 
=  2.0 · 10 * 

It must be noted however, that in the PLATR experiments the length of 

the test cell is 70 cm instead of 60 cm as in the RB1 measurements. 
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3. Effects connected with the shape of the test cell 

For practical reasons, it has been found convenient to use, as test 
cell, instead of the true square central lattice cell the equivalent 
cylindrical cell determined according to the Wigner-Seitz presciption. 

It can be demonstrated that this induces an error on the k-inf which, 
in a two group formalism, is given by Ref. jj7j 

s U i ^ / *~ jv) 

where 
D. is the diffusion coefficient in group i and 

y^/ry signifies the normal derivative on the surface of the cell. 

A calculation of this error has been carried out for our case and it 
has been found to be less of 0.1·10~ , i.e. practically negligible. 

4. Conclusions of the neutronic evaluations 

The preceding analysis leads to the following conclusions concerning 
the design of the D_0 lattices region: 

1. The introduction of U-235 enriched plates at the boundary of the 
heavy water tank does not prevent the spectrum matching in the test 
cell. Nevertheless for a good matching it has been found necessary to 
poison not only the test cell but also the surrounding buffer cells 
(otherwise an error of 0.4 </o in k-inf and 3 % in the ratio of the fast 
to thermal flux is introduced). 

2. The flattening of the axial flux in the test cell can be obtained 
by adding thermal poison (copper) or enriched pellets in the buffer 
region through tubes which are fixed inside the D?0 tank. 
In pratice it appeared that 41 tubes, distributed at four radial posi
tions, were necessary to satisfy the requirements of points 1 and 2 
above mentioned. Details on the tubes used, as well as on their position 
are given in part II. 
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3. The use of simplified formulae to calculate the effect of the 
spectrum mismatch and the flattening of the flux on k-inf must not 
be encouraged because they can underestimate these effects by a 
factor 5 - 1 0 . 

4; The use of cylindrical void cells does not introduce appreciable 
errors in the measurements at the k-inf. 
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Part II 

Experimental requirements and mechanical and hydraulic design 

of the facility 

1. Main experimental requirements 

The D?0 facility mounted in RB-1 had to fulfil the following physical 
and technical requirements: 
a) To allow the insertion of 13 ORGEL fuel elements (buffer zone) in 

an aluminium tank having a diameter and a height defined by the 
RB-1 central cavity in order to adjust the spectrum in the test 
cell as specified in the introduction and in part I. 

b) To allow an accurate adjustment of the lattice pitch of D_0 lattices 
between 180 mm and 270 mm. 

c) To allow the frequent extraction of the special central element for 
the necessary manipulations inside the test cell (poisoning of the 
test cell; substitution by vacuum, fine structure measurements, etc.) 

d) To allow the introduction of enriched fuel elements and copper rods 
in the D O vessel in order to adjust the axial flux distributions and 
to change the spectral condition in the central test cell. 

e) To allow an easy charge and discharge of D~0 from the containers, a 
fine regulation of the D O level in the main vessel and a continous 
D O purification; moreover a nitrogen loop had to be foreseen for D_0 
portection. 

On the basis of these requirements, the facility consists of the following 
components: 
1) the D O vessel placed in the RB-1 central cavity with the ORGEL ele

ments and thimbles necessary to fulfil the requirements of point d); 
2) the D_0 hydraulic loop; 
3) the N loop; 
4) a special ORGEL fuel element for reactivity measurements and fine 

structure measurements; 
5) auxiliary devices. 
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2. RB1 description 

The RB1 reactor is installed at the Nuclear Laboratory of Monte

cuccolino (Bologna); its maximum power is 10 ¥, corresponding to 

Q ρ 

a thermal flux of 10 n/cm sec. 

Figures 7 and 8 show a general view of RB1 {j] with installed D O 

facility. 

The reactor is contained inside a metallic vessel (8 mm thickness, 

531 cm height and 340 cm internal diameter) to allow underpressure 

operation. The vessel is surrounded by a 60 cm thick concrete shiel

ding. The top of the vessel is sealed off with an 0ring seal. The 

inside pressure is adjustable between 30 mmHg and the atmospheric 

pressure. It can be maintained at a constant value and can exactly 

be reproduced during reactivity measurements. The feeding zone is 

constituted by a graphite matrix housing the enriched fuel elements; 

the matrix has the form of a cylindrical shell with an internal dia

meter of 100 cm and an external diameter of 183 cm. 

Enriched fuel elements are arranged in three rings with a radius of 

61,7 cm, 80,8 cm and 91 cm. 

The reactor core is surrounded by an axial and radial graphite reflec

tor of 50 cm thickness. 

All fuel elements of the feeding zone have a length of 25OO mm and 

consist of: 

a) fuel pellets 

b) graphite pellets 

c)canning. 

The fuel pellets (UO ) are of two types: 

type 1: diameter 7 mm, height 13.2 mm ('U235 enrichment 20 </<>) 

type 2: diameter 7 mm, height I5 mm (U235 enrichment 4 Ì°) · 

The graphite is in form of pellets with different heights. As fuel 

canning are used anticorodal pipes with 8 mm, and 10 mm inner and 

outer diameter closed by plugs on both ends. Each standard fuel ele

ment is divided into three sections. Each section can be filled with 

20 "Jo or 4 Ì° enriched uranium. 30 special elements are utilized as safety 

fuel elements. Their bottom fuel plugs are fixed to the canning by a pa

raffin layer which melts in the case of an accidental power increase. 
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From preliminary critical mass evaluation it appeared advisable to 

introduce in the assembly some enriched fuel plates in the vicinity 

of D_0 tank, in order to have a reactivity reserve for neutron spectrum 

adjustment and flux flattening. 

Therefore no. 50 "Rospo" [δJ plates (90 fo enriched uranium) correspon

ding to a total amount of 2 kg*U235> were inserted between graphite and 

D O vessel in such a way to facilitate also the axial flux flattening. 

3j¡ Dg0 vessel (Fig. 9 and 10) 

This vessel is a cylindrical Al tank of 972 mm inner diameter, a total 

height of 4OOO mm with a wall thickness of 6 mm, and a flat bottom of 

27 mm. It is designed for an inside overpressure of 50 g/cm and out

side underpressure of 4OO mmHg, 

The vessel is made up in two parts, a bottom section of 3000 mm height 

and a top section of 100 mm height, in order to allow its mounting in

side the RB1 central cavity. Both parts are leaktightly flanged to

gether. The tank top is closed by a stainless steel cover of 1100 mm 

diameter and 20 mm thickness. A leaktight closeable central hole of 

330 mm diameter is provided for the handling of the central fuel element. 

4 closeable holes of 125
 m m

 diameter at a radius of 375
 m m

 are used for 

the insertion of 4 buffer fuel elements at fixed positons. 40 holes 

closeable by flanges are arranged on 3 different radia, 8 at a radius of 

235 π™> 16 et a radius of 350 n™
 an<

i 16 at a radius of 445
 m m

· 

A special hole is at a radius of 195 n™· 

All these holes have a diameter of 16.5 mm. 

They are used for the insertion of reentrant tubes which are kept in 

their proper position by a bottom and an intermediate grid plate. These 

thimbles are foreseen to house enriched RB1 fuel elements for flux 

flattening and spectrum adjustment experiments, or neutron detectors 

and copper rods for poisoning the buffer (see part ï). 

The top section houses the support for maximum 13 ORGEL type fuel ele

ments. 4 fuel elements rest in a fixed position at the radius of 37.5 n™» 

8 fuel elements hang on carriages which can be adjusted from outside by 

an endless screw drive mechanisme (fig. 11) in the pitch range I87 mm = d 

= 27O mm. The special central elenont hangs on a plate which rests on the 

fuel element support. 
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The D„0 level in the vessel is measured with a pyrex pipe water 
gauge with a precision of + 0.25 wa» The level meter is connec
ted by two stainless steel valves to the vessel, A safety device 
is forseen for closing automatically the valves in case of pyrex 
pipe rupture. 

4. ORGEL fuel element (Fig.12) 

The D_0 vessel is loaded with ECO reference type fuel elements 
(ref, pT])· The element consists of a 19 rod ring cluster with 
natural uranium cylindrical metal rods. 
The cluster is enclosed by a mock up pressure tube and a calan
dria tube. The pressure tube is filled with diphyl liquid. 
The mechanical data of the fuel elements are: 
rod diameter 12 mm 
cladding 1 mm Al 
distance between two cladded rods 1,2 mm 
distance between cladded rods and pressure tube 2 mm 
pressure tube thickness 1,5 mm Al 
calandria tube thickness 1,5 mm Al 
length of U rod 2900 mm 
weight per rod in U nat 6231,5 gr 
volume of organic at 20°C 5001,5 cm 
uranium volume per unit length of element 21,48 cm /cm 
volume of organic per unit length of element 17,668 cm /cm 

The fuel element hangs on a cardanic suspension on the fuel element 
support. 

5'. Special central fuel element (Fig.13) 

Reactivity change measurements are executed between the following two 
states: 
state 1 : central test cell voided 
state 2: central test cell of ORGEL type poisoned at different degrees. 

These experimental requirements defined the mechanical design of the 
central test element.'The fuel element consists of 3 sections: 
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The central test section, a bottom and a top section. All 3 sections 
are inside the calandria tube. 

The lower section rests on the calandria tube bottom and supports 
the test section; the top section hangs on the calandria tube head. 
Two flanges are fixed on the calandria tube and are used to seal 
off the vacuum boxed containing the test cell moderator. 

State 1 is simulated by filling the box with Helium and by removing 
the central fuel element section. 

The diameter of the vacuum box depends on the pitch under investiga
tion. The length of the box of 5OO mm was chosen as a compromise bet
ween effects favouring a long test section (big reactivity differen
ces between the two states, small influence of the end cap 3 of the 
fuel element test section) and effects favouring a short test section 
(flux flattening and spectrum adjustment). 

A substitution of the central part of the fuel element is possible 
with a special fine structure fuel element section designed for 
microscopic parameter measurements ( £ , f and ρ ) and having the 
fuel in form of pellets for introduction of neutron detectors. 

6. The DpO loop 

The D O loop (fig.8) is foreseen for the following operations: 

1. filling and emptying of the D_0 vessel at the beginning and 
the end of the experiments; 

2. circulation of D_0 through a purification system; 

3. DpO level fine adjustment in the vessel before any reactivity 
measurement. 

The hydraulic loop is supported by a suitable mechanical structure, 
The D_0 (and N?) pipes enters the reactor through a tight flange 
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with cone-sphere connections. The D_0 pipes positioning inside 
the RB-1 vessel was accurately studies in order to avoid any 
difficulty during the fuel element loading of the feeding zone. 
The hydraulic loop consists mainly of (see fig.14)* 
a) the D20 vessel (19) 
b) the storage tank (9) 
c) the purification system, including: 

c-1) a pump (10) 
c-2) a flow-rate meter (12) 
c-3) two filters (13) 
c-4) an ion exchanger (14) 
c-5) a conductivity meter (15-16). 

In the vessel and storage tank a device is provided allowing the 
D-0 level measurement (18). 
The D?0 introduction into the tank is obtained by gravity from 
the storage tank (9), step by step, opening valves 19 and 20 (two 
valves are inserted for safety reasons). 
The pump is used also for emptying the main vessel at the experi
ments accomplishement. 
The pump has an immersed rotor and incorporates a filter to purify 
the cooling and lubricating liquid (D?0). The parts in contact 
with DpO are of CR-Ni-Mo steel. 
The pump characteristics are: 
- flow rate: O.48 4- 1.44 nr/h 
- head: 12 m (at 1 m /h flow rate) 
- power: 1,1 HP. 
Flow rate regulation is obtained by using a by-pass. 
The storage tank is of stainless steel and has a capacity of about 
300 liters. The storage tank is used for receiving the D_0 from the 
containers, and for small D?0 displacements for level regulation in 
the ORGEL vessel. 
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The ion~exchanger consits of a stainless steel column filled 
with amberlite resin Xe-150, At the input and output a deflector 
and a filter are installed. 
The flow rate meter is of floating type and has a 3-30 lt/min range. 
The conductivity meter has a conductivity cell with Pt electrodes 
connected to an a.c. Wheatstone bridge. 
The filters consist óf a stainless steel tank (<¡f = 7 mm), and 
height - 250 mm) filled with stainless steel sintered powder. 
A DQO sampling device is provided for periodic title control: 
DpO samples are extracted from valve 3. 

7. Nitrogen loop 
Purpose of the nitrogen loop is : 
a) drying the D?0 loop before D O introduction 
b) keeping of a nitrogen overpressure (50 gr/cm ) with a low 

content of H^O on free D_0 surfaces, in order to reduce to 
a minimum its contamination. 

The Np loop consists of (fig, 8): 
a) nitrogen supply (1); 
b) pressure reducer (2); 
c) 2 Mobil Sobead containers (3); 
d) 2 molecular filters containers (4); 
e) 2 indicators constituted by chromatic molecular Sifters (8); 
f) a 4 K¥ heater (25); 
g) a 1,5 KW heater (5); 
h) two compressors (7); 
i) two thermostates (6) (28); 
l) a manometer (21); 
m) a safety valve (20). 
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The drying circuit is intended for the following operations: 
1) drying of nitrogen coming from the supply; 
2) drying of nitrogen coming from the main vessel (closed loop); 
3) drying of air; 
4) regeneration of the molecular sifters and of a silicagel. 
In operations 1), 2), 3) the thermostate (6) is set at 80 C and 
the 1,5 KW heater is switched on. Operation 4) can be performed 
simultaneously with each of the described operations. The normal 
N_ pressure is read on a manometer placed on the operational 
panel; a minimum and a maximum pressure signal is given by a 
manometer (21). 
The threshold pressure value of the safety valve (20) can be varied 

p 
in the range 20 + 5OO gr/cm . 

8. Auxilary equipment 
For the fuel element handling some auxiliary devices were installed. 
One working bridge for the assembling of the ORGEL elements was 
mounted above a cavity in the reactor hall. A fuel element storage 
is provided for I5 ready mounted elements. For the fuel element 
loading and unloading an auxiliary manual crane was installed 
allowing a more accurate positioning of the ORGEL type elements. 

9. Cost of the facility 
The D„0 facility was constructed at the general work shop of the 
C.C.R. Euratom - Ispra and mounted at the reactor RB-1 - Bologna. 
The cost of DpO loop, all mechanical component included, is of 
about 30.000 $ (fuel elements and Dp0 excluded). 

The D_0 inventory is of about 2 to. 
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The small D?0 inventory and the small number of ORGEL fuel 
elements necessary for the buffer zone (8 or exceptionally 
12 elements) is an important advantage of k-inf measurements 
in a RB-1 type reactor where lattices having liquid or solid 
moderator can be tested. Such a measurement is a useful com
plement to buckling measurements by substitution technique in 
a critical facility (ECO) where the D?0 and fuel element in
vestment is much higher 3 while the expected precision of the 
two methods is of the same order of magnitude. 
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Fig. 1 : RBI-ECO Loading Used for Flux Mismatch Calculations 

Rospo plat· 

Al-tank (0.6 cm thick t 

UtvgUgr flgmtnj 

ECO r»f. »I»m»nt 

central ttst etil 

o 

á
4 

T 

I 

ι 
J 

Ι . 
"D 

Έ a. 

graphlt· 

ΛΑ cm 

Al-tank 

At-tank ♦ Rospo platts 

E 
u 
o 
o 
«η 

a) 

SCALE 1:20 



Flg. 2 : Axial Dis t r ibut ion of Fast Flux over the Test Cell 
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Fig. A Ratio of Fast to Thermal Flux in Axial Direction in the Test Cell 
( only Test Cell Poisoned ) 

0.96 Τ τ 

0.94 

0.92 -

.c 

\ 
0.90 

l = 52.5 

CO 
tf». 

0.88 

0.86 
100 110 

test cell length 

120 130 KO 150 

ζ [cm] 

160 170 180 
J_ 
190 200 



- 25 

Fig. 5 : Radial Flux Distribution in RB1-ECO 18.9cm. 
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Fig. 6 : Error In Kco Due to Spectral Mismatch and Non-uniformity of Flux 
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Pig. 7  Vertical cross section of RB1 reactor with installed DO facility 
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Pig. 8  Horizontal cross section of RB1 reactor with installed D?0 facility 
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Pig. 9 - Cross section of DO vessel 
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Pig. 10 - Top view and section of D-0 tank 



"¿ 

Ft: 

□ 

Fig. 11  Fuel element drive mechanism 
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Fig. 12 : The fuel element investigated 



Fig 13 : The special fuel element with the test cell 



Fig. 14 - Flow sheet of DO and N loops 
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