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IKTROgPOflON 

In order to specify the experimental techniques 
for few standard measurements sufficient to give a consistent 
set of lattioe parameters, a series of experiments were per-
formed on the RB heavy water zero power reactor (l), using 2J< 
enriched fuel elements of tubular shape. The results obtained 
were compared with standard two-group diffusion theory calcu-
lation, and the correlative data for "basic nuclear constants 
such a s ^ } effective resonance integral etc, were determined. 

One can expect that using the input data chosen in 
such a way the conventional calculation methods can be applied 
for fairly exaet determination of the lattice parameters, 
necessary in the stage of desing of a research reactor. 

It is known that this approach to the determination 
of basic lattice parameters is rather sophisticated. It assumes 
that the standard calculation recipes are exact if proper input 
data are given. According to the results so far published, for 
the different type of lattices, it ie true a rather narrow 
range of reaetor core compositions, and usualy fails when com-
plicated geometry of fuel elements, unusual core compositions 
or high fuel to moderator ratio is used. 

In this paper the experimental results as compared 
with the theory are indicating that the above method can be 
used with a high degree of accuracy even with a complicated 
type of fuel element, over a broad.variety of lattice configu-
rations. The reactor parameters thus obtained are reliable for 
the optimisation study as concerns the critical!ty and the 
reactivity of the reactor core. 
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CHARACTERISTICS OF THB RB REACTOR 

The RB reactor is an unshielded critical assembly 
intended mainly for lattice-parameter investigations in heavy 
water systems. The reasons for constructing an unshielded 
critical system were the following: 

a) To allow clean critical experiments in a simple 
geometry 

b) To provide flexibility in performing experiments 
even in cases where major changes in the core composition 
have to be made 

c) To reduce the time and cost of construction. 

The present construction of the RB reactor satis-
fies most of these requirements. On the other hand all efforts 
are made to protect the personnel and insure the highest 
possible safety in the reactor operation. When the reactor is 
operating there is no admission in the reactor hall and all 
operations are performed from a shielded control room. In or-
der to avoid high radiation levels in the reactor building 
and the radioactivity of the reactor core, the power for 
continuous operation is limited to 2 W. Short irradiations 
only are done at a higher power which never exceeds loW. This 
makes it possible to keep the radiation dose rate at the re-
actor tank as low as lo mr/h when some changes in the core 
are to be made. 

When operating at the standard power of 2 W the 
7 

thermal neutron flux at the reactor center is about 2.5.1o 
which allows for neutron measurements in most experiments« 
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Reactor 

The reactor tank is a cylindrical vessel with, a 
flat "bottom. The internal diameter is 199,86 cm, and the 
height 23O cm* The bottom of the tank is made of 15 mm thick 
aluminium, while the thickness of the side wall is 10 mm. An 
aluminium lid strengthened by radial ridges tightly covers 
the reactor tank. The lid has a 50 x 1900 mm slot along the 
diameter which serves for neutron irradiations inside the 
reactor core. This slot can be hermetically shut with an 
easily movable cover. 

The reactor tank is mounted on a platform and 
placed in the center of a basin with dimensions 8000x8000x 
I5OO cm^. The aluminium structure supporting the reactor 
tank is designed for a working lead of 15 ton. 

Two platforms supported by a separate structure 
are built around the reactor. These platforms are used by 
the personnel for all operations with the reactor core. 

Mo aditional reflectors or shields were built 
around the reactor core. 

To allow a broad variety of investigated lattices, 
a changeable lattice pitch is procured by a system of fuel 
supporting plates. One plate is fixed at the bottom of the 
reactor tank and the other about 20 cm below the lid, on top 
of the tank. The fuel elements are inserted in holes drilled 
in the plates. The system of holes gives a possibility of 
aranging about five different lattice configurations. At 
present square lattices are being Investigated and the exis-
ting holes in the plates allow an arrangement of the following 
configurations: 
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a) main pitch and integer multiples of the main 
pitch (n.a) 

b) Multiples of the main pitch with NfTand n \ T T 
©) A function of the main pitch of the form 

£ 7 7 7 , where a is the main pitch. 

With three pairs of suporting plates it was 
possible to arrange the following lattices. 

Main pitch (cm) 7 8 9 
na 9.9 19.8 11.3 22.7 12.7 25.4 
na 14 21 16 24 18 

If 2a)2 + a 2 15.6 17.9 20.1 

With a sufficient number of fuel elements it is 
possible to arrange a radially bare reactor system. In the 
axial direction the reactor is bare in most cases. This makes 
it possible to treat the reactor as a bare system in a large 
number of experiments. By criticality approach, the bare 
syst 
ted. 

-4 systems with a buckling as low as 7.6.10 can be investiga-

There are several facilities for reaching the 
interier of the reactor core. For neutron flux distribution 
measurements dismountable horizontal and vertical channels 
passing through the reactor core are provided. The vertical 
channel is in the central position and can be used either 
for neutron flux distribution measurements or for sample 
oscillations in connection with oscillator work. The horizon-
tal channel is at a height of 60 em from the bottom of the 
tank and can reach either the central axis or pass through 
the reactor. For neutron flux distribution measurements these 
channels are used in connection with various techniques 
applied, formally for all measurement with micro BF^ or semi-
conductor counters the measuring de-irises are moved along the 
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experimental channels. When activation techniques are applied 
the foil holders are directly inserted in the channels. 

For all experiments where the fuel should be 
reached, there is a 7 cm wide slot on the reactor lid. An 
additional opening on the tank lid serves to insert and 
remove specially prepared fuel elements for intracell measu-
rements . 

Heavy water circulation system 

When the reactor is not operating the heavy water 
is stored in a storage tank with a capacity of 7 ton. The 
tank is located in an underground room. 

The circulation of the moderator from the storage 
tank to the reactor tank and back, Is realized through a 
stainless steel pipe system. A canned rotor pump is used to 
pump the moderator into the reactor tank through a tube of 28 
mm in diameter. Ђу reversing the direction of rotation two 
pumping speeds are possible, i.e. 2,5 cm/min, and 0,8 cm/min. 
of the level raise in the tank. 

The moderator can be dumped by gravity either 
through a stainless steel tube of 45 mm.i.d., or through the 
pumping circulation system. 

Pumping or draining of the moderator is controlled 
by pneumatic valves which are actuated by D.C. magnetic valves* 

The air pressure difference, between the reactor 
tank and the storage tank is equalized through an aluminium 
tube. A scheme of the water circulation system is given in 
Fig.l. 

The heavy water temperature is measured by a plati-
num resistance thermometer which permits an accuracy of + 0.2°0, 
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For continuous moderator level measurements one 
of the safety is used. This rod differs mechanically from the 
normal safety rod "because a separate cog-wheel system with a 
synchro generator is added. The accuracy of measuring the 
relative heavy water level is "better than + 0.02 cm. 

In addition to the continuous water level monito-
ring equipment, there are two stable levelmeters in the 
reactor tank which serve to control the pumping speeda-(fast 
pumping limiter), and the maximum height of the heavy water 
in the reactor tank (maximum level limiter). 

The fast pumping limiter is placed far "below the 
critical level. Its height is adjusted so that for a 
given system does not exceed 0.9. After reaching this level a 
contact probe activates a relay which stops the pump. 

The maximum water level limiter is placed above 
the critical level. Its height is determined so that the 
maximum excess reactivity does not exceed 6oo pcm. After 
reaching this level the contact probe scrams all safety and 
control rods and stops the pump. 

Control and safety 

Beaetivity of the reactor is normally controlled 
by varying the heavy water level. These operations are per-
formed manually. In addition, there is one rod which can "be 
used for automatic power control. The rod position is 
controlled by an error signal which is a function of the 
difference "between the actual and required power. 

The reactor is equipped with three safety rods. 
Safety rod Ho. 3 serves simultaneously as a follow-up point 
contact probe by which the heavy water level in the reactor 
tank is measured both manually and automatically. 
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Position of the follow-up level meter and of the 
control rod are indicated on the control console "by synchro 
position indicators while the two safety rods are provided 
only with signal lights for indicating the limit positions. 

The control console of the reactor is equipped 
with six measuring channels: 

- Two pulse channels with BF^ counters for opera-
tion in the subcritical range. 

- Two logarithmic DO channels for the measurement 
of the power level and period. The power indication from one 
of these channels is included in the automatic power control 
loop. Both channels use compensated boron chambers, type 
CCP1N10, with a sensitivity of the order of 1.5.1o14" A/n/cm2 

sec. 
- Two linear DC channels with compensated boron 

chambers, type CCP1N10, for the power level measurement. One 
of these two channels is used for the automatic power control. 

Safety rods can be withdrawn only if all circuits 
are closed and if one of the start-up channels indicates at 
least 5 pulses/sec. To ensure the presence of this minimum 
signal a Ra-Be source of 0.5 C is injected pneumatically in 
a position immediately below the reactor tank where it is 
locked by an electric magnet. 

The control rod can be withdrawn only if the two 
safety rods are in the upper limit position. 

To withdraw the third safety rod (the follow-up 
level meter) it is necessary that all the safety circuits are 
closed. 

When operated the safety system will result in: 



- 8 -

a, dropping of all three safety rods 
b, dropping of the control rod 
c, stopping any further increase in the heavy 

water level. 
The safety system is designed on the principle of 

* 

one of two, There are 12 circuits which will cause the safety 
system to operate giving also an optical indication of the 
fault that has eaused the scram: 

A manual scram "button is also included in the 
safety circuits. Safety circuits of the instrument channels 
are automatically "blocked if the instruments are disconnected 
from the main supplies. 

LATTICES STUDIED 

In the present series of experiments 2$ enriched 
metalic uranium, fuel element in different lattice configura-
tions were studied. These elements are normaly used in the BA 
high flux reactor of the Boris Kidrič Institute in Beograd. 

The fuel is manufactured in tube shaped slugs 
canned from both sides with aluminium. 

Overall dimensions of the fuel slug are as followss 
- Outside diameter of aluminium canning 37 mm 
- "Outside diameter of the uranium tube 35 mm 
- Inside diameter of the uranium tube 31 mm 
- Inside diameter of aluminium canning 29 mm 
- Length of the slug 110 mm 

Inside the slug there is an additional aluminium 
tube, serving as a spacer for DgO coolant flow. The tube has 
an outerdiameter 23 mm and 1 mm wall thickness. - The cross-
section of a fuel slug is shown in Pig.2. 
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Sen to fifteen such fuel slugs are placed in an 
aluminium tube whose overall dimensions are 43/41x2250 mm, 
Thus"the total length of a fuel element could be changed, in 
accordance with the requirements of experiment. The shrouds 
could be either open at the bottom or closed if lattices with 
void are investigated. 

The total number of fuel elements is limited. In 
most experiments 52 fuel elements were used. 

The lattices recently investigated are made of 
square shaped cells. The lattice pitches as expressed by the 
distance between the axis of two fuel elements are: 7, 8, 9.9# 
11.3, 14, 16, 17.9 and 19.8 cm. 

TBOHNIQUBS IR BUCKLING DETERMINATION 

For all the investigated lattices buckling was 
measured by flux mapping. Several neutron detecting techniques 
such as: foil activation, semiconductor counter or BF^ miniatur 
counter techniques were tested. Although the measurements by 
means of a counter proceeds much faster and the results are 
streight forward suitable for theoretical interpretation, the 
foils activation technique proved to be more reliable. The 
main reason is the difficulty in keeping the reactor power 
steady when the counter moves through the reactor core. Osci-
llation in reactor power usualy introduce much higher errors 
in the overall flux distribution obtained by counters than the 
foil activities plot. 

The foils used are made of copper for thermal or 
gold for epithenaal neutron flux mapping. They are disc shaped 
with a diameter of 10-17 mm and a thickness of 0.2 mm. 

To irradiate the foils, they are arranged on an 
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Prom the flux distribution measured three succe-
ssive points are selected. 

The three selected points on the sin oC'h distri-
bution can be represented as: 

n x = A sin ©C (H + Л H ) 
n 2 = A sin oC (i) 
n^ = A sin oC (S - Д Н ) 

where cKis the axial buckling and Д Н the distance between 
the points. 

By developing the expressions for n^ and n^ as 
sin ('oC + /h)t adding the two expressions and deviding the 
result by n^ one obtains. 

A 
"i + n3 

arc cos 6 H 2a 
Any set of three exidistant points, can be 

presented in this form, and the /hi value obtained. The advan-
tage of this method is that the distance A H can be fixed 
with high precision, and it is not necessary to make the 
normalisation. The mean value for /6 © Ш be found from a 
series of/2>i obtained. The standard error can be eysely de-
termined by using the standard deviation and the expression 
for /Si. 

In most of the investigated lattices the refleetor 
influence on radial flux distribution was very much pronounced. 
So the thermal neutron flux distribution could not be simply 
represented by the AJo ( o C r ) function. Cadmium ratio measure-
ments have sJiown, that there was no pronounced region in the 
reactor where the ratio between thermal and epithermal flux 
could by taken as constant, and where the simple one group 
diffusion theory could not by applied. 

The method adopted for radial buckling determination 
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is based on the twogroup diffusion theory. It assumes that 
the thermal and epithermal flux distributions could be 
presented by the following formulas: 

0 f = A Jo { j u v) - B I Q r) 

0S = S 1 A Jo (JJL r) + S 2 B I o (V r) 

where ja is the radial buckling to be determined. If the 
epithermal flux distribution is multiplied by the reflector 
coupling coefficient S^, and the two distributions added, 
the obtained distribution must have a Jo (ja. r) form, where 
the ja. value can be easily found using the least squares 
method. Both distributions have to be properly normalised 
beforehand which is easily done by measuring the absolute 
ratio between fast and thermal fluxes at the reactor center. 
For this purpose the cadmium ratio at the reactor center was 
measured by means of thin gold foils. After self-absorbtion 
corrections the Westcott r value was found and the absolute 
ratio between 2200 m/sec thermal and epithermal fluxes 
determined, 

* - W Г 1 To ; J B 

where T is the neutron temperature in the core and Tq 2200 
m/sec neutron temperature. The integration is made over the 
epithermal region, 

This method includes the use of the theoretical 
value of S^, but the buckling obtained is not very sensitive 
to the possible inaccuracy in this value. 

j 

The factors affecting the accuracy of the total 
bucklings include the statistical errors in the foil counting 
and positioning, and uncertainty in the corrections applied 
especialy in S_ and 0,,/0 . values. If all these errors are 
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estimated independently and statisticaly combined, the 
standard error in bucklings is + 1$, 

The result obtained reduced to D^O concentration 
99.80 and the temperature of 20°0 are presented in Pig.3. 

PLUX DISTRIBUTION INSIDE A CELL 

Thermal neutron distribution measurements within 
an elementary cell were carried out on a specially prepared 
fuel element which was mounted in the central position of the 
core. The fuel element was drilled with a 0 3 mm diamond 
drill close to the middle of the active height and the hole 
was painted with colourless lacquer to avoid a release of 
fission products. A special small tube with detector foils 
was placed in the hole. The uranium in the fuel element is 
only 2 mm thick. To enable detection of particular thermal 
flux variations in different diffusion media one should atain 
the highest possible resolutions between the points measured. 
According to the experimental results it was evident that a 
high statistical accuracy of the activities measured and 
strict positioning of the detector foils were required to make 
these microeffects visible« 

Small intercalibrated foils of dysprosium aluminium 
alloy were used as detectors. Owing to its highly effective 
activation cross section, moderate decay and slight departure 
from the l/v law, dysprosium proved as a convenient detector 
for intracell measurements. 

To define more accurately the positions of the 
detector foils a special small tube was made of plexiglass 
with an 2.1 mm internal and 2.8 mm external diameters. Within 
this tube the foils of 2 mm in diameter, and 0,15 mm thick 
were arranged on a sandwich principle by using plexiglass cy-
lindrical spacers with a 2 mm diameter. The distance between' 
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the foils was Kept constant (1 mm or 2.5 mm) in order that 
the shadowing factor may remained unchanged. All the elements 
included in the sandwich were machined to an accuracy of 
+ 0 e01 mm so that the relative position of the detector was 
known to within + 0*1 mm. 

Intraeell irradiation was carried out along the 
side and the diagonal of the square lattice. At least two 
irradiations fire performed in each direction for each lattice, 

The "beta activities were measured in cycles with 
four independent GM channels of approximately identical effi-
ciencies . The measurement intervals were chosen in such a way 
as to obtain a standard error of about + 0.3$ in all channels. 

The results obtained were corrected for the foil 
weight, decay and the counter dead time, to present the -ther-
mal neutron flux distribution inside a cell. 

Figo5 shows the measured distributions for several 
lattice pitches. Both, side and diagonal direction distribu-
tions are given. 

Prom the curves obtained experimentaly the measured 
average thermal neutron fluxes were calculated for particular 
material regions. The obtained values are used to calculate 
the thermal utilisation factor as well as the diffusion length 
for the ©ore composition. 

According to the definition of the thermal utilisa-
tion factor f, i.e.the number of thermal neutrons absorbed in 
the fuel per each neutron absorbed lii the reactor, the f value 
is calculated from the formula: 

S T 7 f 
'f*" a u u ^ 

' 4> 



where N is atomic density. 

; X a i ^ ilI»-325 absorption eross section 
. (for fuel absorption cross section allowance 

is made for the difference of 40°C in neutron 
temperature). 

V - volume of the zone 
P. - thermal flux averaged over the material zone. 

The diffusion length is determined from the formulas 

. • • • ' . . " • i 2 - J L • 

where D andX a are the mean values of the diffusion constant 
and the absorption cross section for the core composition« 

All calculations were performed by means of an 
electronic computer. The computer program prepared for this 
purpose employs the foil counting rate as an input, making all 
the necessary corrections, calculates the average fluxes in 
various zones, the thermal utilisation factor and the diffusion 
length. 

\ \ 2 Table I gives the result for f and 1 as obtained 
for; different la-fetioes. 

Table I 
2 

Lattice pitch f L 
Л-/: 46.0 

8 0.9488 61.0 
: ; ' 0.9461 99.0 
11,3 0.9432 137.0 
14.0 0.9378 212.0 
16.Q 0.9331 282.0 
17.9. O.9275 352.0 
19;8 0.9205 ' 430.0 
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Betermination of the infinite multiplication constant 
2 

The experimental data for buddings and L offer 
the possibility of determining the infinite multiplication 
constant using the two group diffusion theory expression 

k = (1 + L 2B 2) (1 + T B 2 ) 
OD ' 

There is no direct method for measuring the 
slowing down length and the usual way to determine k ^ is to 
use the calculatedT. This way of approach was applied in 
the case under consideration. 

The slowing down length was determined from the 
expression 

r = r 0 <1 + - J s - U l + 2 • Џ - ) m tot 
The value T = 118 cm2 is adopted for 99.80$ D o0. o d 

The above expression is recommended by Dessauer (2), and out 
of several formulas existing in the literature is chosen 
because of its simplicity. 

The infinite multiplication constant as a function 
of the lattice pitch is given in the Pig.4. 

An effective way of chacking the calculated values 
for is to measure the water level reactivity coefficient 
df /dH which can be expressed by: 

d J > e 2 l / 2 ( 1 + 1? + Г } 

d H H 3 + B ® 2 1 + L 2B 2 1 + Г В 2 
ex 

where H is the extrapolated water height at criticality, and 2 s x 
<9 ^ the radial reflector coefficient. 

dj? By direct measurements of • • • it is possible to 
2 dn. 

determine experimentaly / L f _ w and compare it 
1 2 2 + 2-9-' ~ ' 
1+B L 1+33 £ 

with the same expression obtained with the theoretical £r . 
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The water level reactivity coefficient was obtained 
« 

by measuring the stable reactor period for a fixed value of 
Л H. The reactivity was calculated from the inhour relation. 
For this purpose a program was written for the electronic 

\ 

computer Z-23 where 14- delayed neutron groups were taken into 
account. Photoneutrons were weighted by the nonescape proba-
bility for fission products gamma rays of energies higher than 
2.23 MeV. 

From a series of measurements of the reactivity as 
a function of 4 H, dp/dH is obtained by the least square method, 
assuming a linear varriation of)as function of H in the 
vicinity of the critical height. 

2 The is the radial reflector coefficient. It 
3 / 3 2 

xs primarily a function of the geometrical characteristics of 
the reactor core, and can be obtained theoreticaly during 
criticality calculations. When the criticality determinant 
was calculated by varying the radial and axial buckling values, 
the reflector coefficient is obtained as a ratio between • 

a^-2 _ Вл / a A 

dfh ~ / atf* 
The experimentaly obtained results for M are compa-

red with those calculated on the bases of the theoretical t 
2 2 

and the experimental B and L . This comparation is shown in 
Fig.6. As one can see, the theoretical curve represented by 
full line, shows a rather good accordancy with the experimental 
points, although a number of points are scattered around the 
theoretical curve. This is due to low accuracy in dF/dH 
determination. 

This comparison shows that the values for V are 
rather well computed, but at the same time indicates that the 
method of direct determination of C by means of d.P/dH is not 
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suitable. 

Correlative data for 7 and the effective resonance integral 

The and f factors experimentally determined 
offer a possibility of estimating the value of q and the effec-
tive resonance integral. The method is described by Mumery 
(3.) and consists in expressing the logarithmus of k ^ f as a 
function of the fuel to moderator ratio NuVu. The straight 
i • 4.-U , • in • -u N m Y m line theoretically given by: 

kop _ NuVu 1 f * dB 
l o g — = l o g £ r S - R e J * T 

gives the logarithmus of at its intersection with the 
vertical axis. The slope of the straight line represents the 
effective resonance integral divided by ^ 

Such an analisis is made for eight measured values 
NuVu 

of and f, and the log as a function of I s expressed 
in fig.7. The extrapolated value for log cq is 0.528 which, 
with £ = 1.008 gives f? = 1.676. The slope obtained by 0 ' corr. least squares is 2.99. When the usual value of f for Ђ^О is 
used = 0.177) one obtains for the effective resonance 

r , d E integral]^г-јГ = 15.92 b. 

COMPARISON WITH THEORY 

Por all of the lattice studied calculation of the 
critical bucklings were done, using the four factor model and 
twogroup diffusion theory. The BNL-325 cross-sections with 
Westcott notation were used. Owing to the fact that some arbi-
trariness in the choice of the formulas for lattice parameter 
calculation cannot be avoided, in all cases where it was 
possible the expressions which allow a direct experimental 
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check were used. For those parameters where direct measure-
ment was not possible, no special effort was made to improve 
the calculation methods, but simple emprical formulas were 
applied. 

In this way the lattice parameters were devided 
in two categories: 

- were the definition allows a direct experimen-
tal check, 

- were a number of miscellaneous processes are 
lumped together and not a strict definition is possible. 

The theoretical model, gives a relation between 
these two categories, and offer the possibilities to deter-
mine the correlative data for the parameters in second 

2 2 
category. As the measurable parameters f, £ , L , and B . 
are taken. The correlative parameters are p, к^, /j? and T • 
This is an arbitrary chois, which was based on the existing 
experimental methods. 

The result obtained as compared with experiments 
are the following: 

Thermal utilization 

Computation of the thermal utilization factor 
were done using the expression previously mentioned. The 
disadvantage factors were calculated according to the di-
ffusion theory, using some corrections based on the P^ 
aproximation to the neutron transport theory. 

The results obtained for f are higher by 0.3$> 
in comparison with the experiments. For close packed lattices 
this discrepancy is somewhat lower. The difference appears 
primarily from the error in moderator disadventage factors. 
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As some preliminary calculations show, it can "be completely 
reduced if more exact treatment of neutron flux distribution 
is made. The fuel disadvantage factor is small because the 
uranium tube thickness is to small, and the error because of 
that cannot influence the result appreciably. 

Fast fission factor 

Although it was possible to measure the fast to 
thermal fission ratio and obtain this factor by the experi-
mental way, the computed value was used trough the whole 
analysis. The expression identical to that submited by Spinrad 
(4) was adopted for the calculation. The moderator influence 
inside the fuel element was not taken into account. The 
obtained value is £= 1,008. 

Thermal reproduction factor in fuel 

Using S5 = 2.46 and BNL-325 cross sections, one 
obtains for 7? =1.73» As shown before, the In op plot gives 

f 
forr^ much lower value т^ = 1.676. This is in the same time 
the highest discrepancy between theory and the experiments. 

Resonance absorption 

The exponential expression was shosen for computa-
tion of the factor p. For the effective resonance integral, 
out of several rather different formulas reported in the 
literature, semitheoretical expression given by Galanin (5)* 
for the same type of fuel element was taken. 

r " ~t 

p = exp ( - • f ) a n d y = I^kl+'jff-?* • 1.2+0,55 (jf - jf)\ 
m ~ j 

S It ass-umes dependence of the effective resonance 
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integral. 
To allow for the influence of the moderator inside 

the fuel tube the surface depending part of the resonance 
integral was increased by 20fo, The resonance integral computed 
in such a way appears higher by 12f° in comparison with that 

k obtained from in <x> plot. This influence the discrepancy in 
f 

p value ranging from 0.2$ up to 2fo for close packed lattices. 

Infinite multiplication factor 

The discrepancy in «7 was completely reflected on 
k^. The calculated values are higher by 2-3$-

2 Bucklings B 

The most pronounced discrepancy between theory 
and experiments was observed on the material bucklings. The 
percentage error in total buckling values is of the order 
of 10-15$, The computed radial bucklings are in a good agree-
ment with experiments, owing to the fact that it is practi-
cally the function of the geometry only. The axial buckling 
as the final aim of calculation was influenced by all 
discrepancies previously mentioned, and the difference 
between calculated and measured values are rather high. 

QONaLUSIOKS 

The experiments and comparation with theory show, 
that if the directly measurable lattice parameters are deter-
mined. with a reasonable degree of accuracy, then a-cording 
to the addopted theoretical model it is possible to obtain 
the corelative data for other parameters necessary for cri-
ticality and reactivity calculation. The lattice parameters 
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where the correlative data shoud be taken in any case are )J> 
and the effective resonance integral. 

For ri in our case ђ = 0.969 . ћ is * corr. ' corr. * 
recommended, what is in a good agreement with the reported 
values from critical experiments for natural uranium heavy 
water lattices. 

As the correlative value for the effective reso-
nance integral the following formula is recommended: 

I = 3.68 + 21.1 */JL res. V E 
what is the same expression as used by Galanin (5), hut the 
moderator inside the fuel tube is increasing the surface 
part of the resonance integral by 4$> instead of 20$ as ori-
ginally taken. 

The critical bucklings calculated in such a way 
are in very good agreement with experiments for the whole 
range of lattice studied exept for very close packed configu-
rations, where the calculations are giving somewhat lower 
values. This deviation could be explained by the fact the fast 
fission faetor is calculated without the mutual interaction 
between the separate fuel elements. 
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Fig. 1. — Schematic view of the reactot 
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