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The paper presents the main results of several sets of critical experiments with two
interacting similar slab tanks filled with aqueous solution of uranyl nitrate with uranium of
90% enrichment. These experiments were carried out at the RF-GS facility, Obninsk,
Russia. Tanks with the thickness of 15cm, width of 100cm and height of 120cm were used
in these experiments. The experiments were conducted with partitions made of concrete,
brick, polyethylene, cadmium, borated polyethylene. Consideration was given to the
dependence of critical volume in each tank on the distance between the tanks and on the
partition thickness. The tanks were filled with solutions of highly enriched uranium with its
concentrations of 75g/L and 250 g/L. Critical experiments were analysed with the MCNP
4A code based on the Monte-Carlo method and with the ENDF/B-V library.
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1. Introduction tanks filled with uranyl nitrate with uranium of 93. 1 %
enrichment. The effect of various absorbing and

4)When considering the nuclear criticality safety of reflecting plates was investigated.
systems containing fissile materials, the interaction of In the present work consideration is given to
the elements of which the given system is composed several sets of critical experiments with two
must be taken into account. The problem of interacting in the air similar slab tanks filled with
interaction between elements is encountered very aqueous solution of uranyl nitrate, with uranium of
frequently in the production, storage and 90 eichment. The experiments were conducted in
transportation of fissile materials. It is impossible to 1991-1992 at the R-GS facility in Obninsk, Russia.
find the optimum solution of the problem of The tanks with their thickness of 15cm, width of
economically feasible and safe location of equipment 100cm and height of 120cm were used. Concrete,
and fissile materials at the enterprises of external fuel brick, polyethylene, cadmium, borated polyethylene
cycle without experimental and calculation studies in were used as materials for partitions. The dependence
this field. of the critical volume in each tank on the distance

As far as the authors know, the first critical between the tanks was observed. The solutions with
experiments with interacting slab solution tanks were concentrations of 75 g/L and 250 g/L were used in
carried out in Oak Ridge (USA) in 1957. The slab the experiments. The experiments with partitions
tanks with the uranyl fluoride solution with uranium made of concrete and brick are of a specific interest
of 93,2 enrichment were used in the experiments. since they were evidently conducted for the first time.
The tank bottoms were in the same plane and the The critical experiments were analyzed with the
surfaces of the biggest area were either parallel or MCNP 4A code based on the Monte-Carlo method,
perpendicular to each other. This configuration and the ENDF/B-V library.
allowed the effect of neutron exchange between big
surfaces of tanks with fissile materials on the system 2. Description of the Experiments with Two Slab
criticality to be studied.') In the following Tanks
experiments the effect of hydrogen-containing
material (a layer of Plexiglas) which separated the 2.1 The Assembly of Two Interacting Tanks
tanks with fissile material interacting in the air was The critical assembly was in the form of "a
explored. 2) The experimental results can be also found movable table" for mounting the assembly

3)in work. In the Los Alamos National Laboratory components and control of mechanisms for drawing
(USA) thirty critical experiments were performed with two slab tanks together. The experimental system
the aim to study interaction of two co-axial cylindrical incorporated both immobile and mobile platforms on
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which two solution tanks made of stainless steel were concrete floor being equal to 58 cm. The floor was
mounted parallel to each other. Each tank had the lined with the plates of borated polyethylene with the
shape of a rectangular parallelepiped with the width of thickness of 8cm with the aim to reduce its effect. The
100cm and the height of 120cm. The average distance between the tanks and the partition thickness
thickness of each tank was determined by means of a were controlled in several points. The partition width
preliminary tank calibration along its height by and height was no less than the width and height of
flooding certain water portions of the known volume. the tanks, i.e. direct neutron streaming was ruled out.
Tank 21 on the left (immobile) platform had its All the partitions had the shape of rectangular
thickness of 14.78±0.14 cm, tank 22 on the right parallelepiped.
(mobile) platform had its thickness of 15.40±0.15 cm.
The side wall thickness of the tanks was equal to 03 2.2 Critical System Parameters
cm, the bottom thickness was 06 cm. The tanks were The system went critical as a result of step-by-step
fixed to the platforms in order to avoid their filling the tanks with portions of aqueous solution of
movement and to ensure their strictly vertical position. uranyl nitrate using graduated cylinder. The solution

The system for studying interaction allowed the level was measured with two contact level meters in
distance between the tanks to be changed within the each tank. The error of experimental solution level
range of O�200 cm. The horizontal movement of the determination was equal to ±0.15 cm. The distance
right tank was achieved with a stepwise controlled between the tanks varied from to 90 cm. The
helical motor drive. The platform was moved remotely maximum uncertainly in the distance between two
from the control panel. The tanks were mounted in tanks was 0 I cm. In Table I there are the
such a way that their bottoms were at the same level, measurement results of critical system parameters and
with the distance between the tank bottom and calculated Keff values.

Table C tical pararnete of the system which consists of i eracting slab tanks.

Case Uranium Critical Partition material Critical level of Critical level Kff ± cy,
concentration, distance (thickness, cm) solution in of solution in MCNP

g/L between the tank K2 1 cm tank M22 cm (ENDF/B -V)
tanks,

cm

1 78.7 0 - 20.9 21.1 1.004 ± 0.001

2 78.7 2.5 - 23.8 23.7 1.006 ± 0.001

3 78.7 5.0 - 26.3 26.3 1.003 ± 0.001

4 78.7 7.5 - 28.5 28.5 1.005 ± 0.001

5 78.7 10.0 - 30.5 30.5 1.003 ± 0.001

6 78.7 12.5 - 32.2 32.4 1.002 ± 0.001

7 78.7 17.5 - 35.7 35.8 1.000 0.001

8 78.7 20.0 - 37.3 37.5 1.000 0.001

9 78.7 25.0 - 40.2 40.4 0.998 ± 0.001

10 78.7 30.0 - 43.4 43.4 1.000 0.001

I 78.7 35.0 - 46.2 46.4 0.998 0001

12 78.7 40.0 - 49.2 49.3 0.999 0.001

3 78.7 50.0 - 54.5 54.7 0.998 ± 0.001

14 78.7 75.0 - 67.1 67.3 0.999 0.001

15 80.0 90.0 - 73.6 73.7 1.001 0.001

16 248.1 - - 16.1 16.35 1.00 ± 0.001

17 248.1 2.5 - 17.9 18.1 0.998 ± 0.001

1 8 248.1 7.5 - 20.8 21.0 1.000 0.001

19 248.1 12.5 22.8 22.9 0.996 ± 0.001
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20 248.1 17.5 - 24.5 24.6 1.000 0.001

21 248.1 25.0 - 26.4 26.5 0.996 ± 0.001

22 248.1 35.0 - 28.5 28.7 0.998 0.001

23 248.1 50.0 - 30.4 30.6 0.997 ± 0.001

24 248.1 75.0 - 32.3 32.5 0.997 0.001

25 80.0 8.0 Polyethylene 29.0 29.1

. (8.0)

26 248.1 8.0 Polyethylene 20.2 20.3 0.987 ± 0.001

(8.0)

27 80.0 8.0 Borated 43.6 43.7

Polyethylene

(8.0)

28 248.1 8.0 Borated 26.0 26.1 0.998 0.001

Polyethylene

(8.0)

29 80.0 8.1 Polyethylene lined 44.1 44.3
with cadmium

(8.0+2*0.05)

30 248.1 8.1 Polyethylene lined 26.5 26.7 0.999 0.001
with cadmium

(8.0+2*0.05)

3 74.1 7.0 Brick 7.0) 26.3 26.5

32 74.1 12.5 Brick (I 2.5) 28.7 28.9

33 74.1 18.0 Brick ( 18.0) 30.8 31.1

34 74.1 25.0 Brick 25.0) 32.0 32.2

35 80.0 50.0 Brick (50.0) 33.6 34.2

36 248.1 7.0 Brick 7.0) 18.7 19.0 0.996 ± 0.001

37 248.1 12.5 Brick 12.5) 19.0 20.0 0.991 0.001

38 248.1 18.0 Brick (I 8.0) 20.9 21.1 0.995 ± 0.001

39 248.1 25.0 Bric ( 25.0) 21.6 21.7 0.993 ± 0.001

40 248.1 50.0 Brick (50.0) 22.9 23.1 1.004 ± 0.001

41 74.1 10.0 Concrete (I 0.0) 25.7 25.8

42 80.0 10.0 Concrete 10.0) 25.6 25.7

43 74.1 20.0 Concrete 20.0) 29.3 29.45

44 80.0 20.0 Concrete 20.0) 28.9 29.1

45 74.1 30.0 Concrete 30.0) 32.5 32.7

46 74.1 40.0 39.4 39.6

47 74.1 50.0*) Concrete 30.0) 46.0 46.2

48 74.1 40.0 Concrete 40.0) 33.4 33.7

49 74.1 50.0 Concrete (50.0) 33.4 33.6
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50 248.1 10.0 Concrete 10.0) 18.9 19.0 0.999 0.001

�1 248.1 20.0 Concrete 20.0) 20.5 20.7

52 248.1 20.0 Concrete 20.0) 20.7 20.8 0.999 ± 0.001

53 248.1 30.0 Concrete 30.0) 21.7 21.9 1.007 ± 0.001

54 248.1 40.0 25.0 25.1

55 248.1 40.0*) Concrete 30.92_ 26.8 27.0

the partition is located in the center

2.3 Solution, Tank and Partition Parameters All of the MCNP calculations used the continuous-
The experiments were carried out with the solution energy ENDF/B-V cross sections, employing 1060

of uranyl nitrate.') Uranium, nitric acid concentration, generations of neutrons with 1,000 histories per
solution density and uranium isotopic composition generation. The first 60 generations were excluded
were determined by the solution sampling and its from the statistics for each case, producing 1,000,000
analysis. Solution compositions are shown in Table 2 active histories in each calculation. The MCNP runs
The same table gives the calculated values of H/U are based on 20T. The results of calculations (Kff
moderation parameter (hydrogen-to-uranium nuclear Ia) are summariscd in Table .
concentration ratio).

3.2 Reduction to "Pure" Geometry.
Table 2 Solution characteristics. In order to estimate the effect of various

Uranium Solution HN03 components of the system (concrete walls, structural. . .. . ...... ......... ..... ........................ .... ..
Concentration density Concentration H/U elements, steel platforms and three-layered bottom

... ... ....... ..... ..... ... ... .... ..... .... .... .. 3) ......... .... .... .1 .... ..... ... ...... ........ ... reflector) on the critical level of the solution the
(g /) (g/cm (moles L) appropriate calculation for experiment K2 20 (Table )

78.7±0.40 1.105±0.001 0.05±0.001 323.8 was made. For this experiment, not counting all
I I structural elements of the system, it is necessary to

80.0±0.40 1.106±0.001 0.05±0 '001 L3�185 increase the solution height up to 26.57cm (8 % to

248.1±1.2 1.340±0.001 0.21±0.002: keep the critical condition of the system. The
corresponding reactivity change is equal to 288 %.

Slab tanks were fabricated of steel whose
composition and density are given elsewhere. 5) 4. Conclusion

Measurements were made of partition material The analysis of critical experiments with two
density; that of polyethylene: - 0923 ± .001 g/cm', interacting in the air similar slab tanks filled with
borated polyethylene 3% of boron) - 0936 ± 0.01 aqueous solution of uranyl nitrate with uranium of
g/cm3, cadmium metal - 864 0.11 g/CM3 , building 90% enrichment allows the following conclusions to
red brick - 15± 0.05 g/CM3.6) Concrete blocks were be made:

made of cement, sand, crushed stone and water in I.The experimental results give comparative
proportions typical of construction practice. Water information about interaction through the air and
content in concrete did not exceed 100 L in a cubic various partitions. This information can be directly
meter. Concrete density was 21 ± 0.05 g/CM3 . The used for practical application in those cases when in
element content of materials was not analyzed. practice there is a situation close to the experimental

3. Preliminary Calculation Results conditions;
2.The preliminary analysis of experiments with the

3.1 Modeling. MCNP code was based on actually 100% modeling of
The code MCNP4A with continuous-energy cross geometrical and material conditions of the experiment.

sections was used to model experiment geometry in The discrepancies between calculations and
three dimensions. The experimental assembly was a experiments in Kff are within 0.5%, with several

substantial distance away from the concrete walls of exceptions.
the room. The closest wall to slab-tank is 200 cm 3.It is reasonable to reduce the experimental results
away. The effects of the concrete walls, the assembly to "pure" geometry for them to be further used for the
construction elements, steel platforms, and complex purposes of criticality safety.
bottom reflector (borated polyethylene, stainless steel 4.It is necessary to determine the experiment
list, and concrete floor) were taken into account by technological error.

direct calculations Kff with MCNP for each case.
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