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ABSTRACT 

The paper focuses on experimental analysis of nuclear criticality safety at accidental 
water immersion of fuel elements of the Russian TOPAZ-2 space nuclear power system 
reactor.  

The structure of water-moderated heterogeneous critical assemblies at the NARCISS 
facility is described in detail, including sizes, compositions, densities of materials of the main 
assembly components for various core configurations.  

Critical parameters of the assemblies measured for varying number of fuel elements, 
height of fuel material in fuel elements and their arrangement in the water moderator with a 
uniform or variable spacing are presented. It has been found from the experiments that at 
accidental water immersion of fuel elements involved, the minimum critical mass equal to 
approximately 20 kg of uranium dioxide is achieved at 31-37 fuel elements.  

The paper gives an example of a physical model of the water-moderated heterogeneous 
critical assembly with a detailed characterization of its main components that can be used for 
calculations using different neutronic codes, including Monte Carlo ones.  

 

1 INTRODUCTION 

The paper contains a description of the NARCISS critical facility available at the 
Russian Research Center “Kurchatov Institute” and modified for the purpose of studying 
critical parameters of assemblies simulating possible accidental water immersion of highly 
enriched uranium dioxide fuel elements of the Russian TOPAZ-2 space nuclear power system 
reactor [1, 2] at various stages of their handling during their fabrication, storage, 
transportation, etc.  

Critical parameters of the assemblies measured for varying number of fuel elements, 
and their arrangement in the water moderator are presented. 



108.2 

Proceedings of the International Conference Nuclear Energy for New Europe, Portorož, Slovenia, Sept. 8-11, 2003 

2 DESCRIPTION OF THE CRITICAL FACILITY NARCISS 

2.1 Overview of the Facility 

The experiments were performed on critical assemblies of the NARCISS facility [3, 4] 
located in a special room 15.4 m long, 6 m wide, and 6.8 m high. Beneath the room there was 
a basement about 5 m deep.  

Figure 1 shows the general view of NARCISS critical assembly without a water tank. 
 
 

 
 

Figure 1: General view of the NARCISS critical assembly without the water tank 
 

Figure 2 shows the configuration and main dimensions of the critical assembly with the 
water tank. The critical assembly was installed on the support plate with a central hole for the 
neutron source tube and shafts of control and safety drums. The support plate was mounted on 
the upper ring. The upper and the lower supporting rings, connected with six legs, were 
installed on a stainless steel plate. The support columns which were 5 m high passed through 
the hole in the concrete floor and rested on the foundation of the basement.  

Critical assembly is surrounded with the water tank which allowed carrying out the 
experiment on the criticality safety issues with water, dry sand and wet sand. 
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Figure 2: Configuration of the critical assembly with the water tank and support structures 
(dimensions given in mm). 

2.2 Core of the Critical Assembly  

Figure 3 is the horizontal cross section through the core center showing all the main 
components. Vertically, the core was assembled of zirconium hydride moderator blocks with 
channels for guide tubes containing fuel elements. The radial reflector was made in the shape 
of a discontinuous ring. It consisted of 12 sections and 12 rotating drums (6 safety and 6 
control).  

 

 
 

Figure 3: Cross section of the core with the vessel and radial reflector 

2.3 Fuel Elements  

A sintered uranium dioxide enriched in 235U to 96% [3, 4] was used in the fuel elements 
as the fission material. Each fuel element was assembled of uranium annular dioxide pellets 
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(with a central opening). The height of the annular pellets ranged from 5 to 20 mm. Usually 
the three standard types of fuel elements were used in the experiments (Table 1). 

 
Table 1: Main Characteristics of the Fuel Elements of Standard Types 

Type of fuel 
element 

Height of fuel 
element (mm)  

Outer diameter 
(mm) 

Inner diameter 
(mm) 

1 325.0±0.1 17.00 4.5 

2 375.0±0.2 17.00 4.5 

3 375.0±0.2 17.88 8.0 

 

3 THE CRITICAL EXPERIMENTS SIMULATING ACCIDENTAL WATER 
IMMERSION OF FUEL ELEMENTS 

3.1 Overview Modified NARCISS Critical Facility (NARCISS-M) 

Critical experiments with highly enriched (96%) uranium dioxide pins and water 
moderator have been performed at the modified NARCISS critical facility (NARCISS-M). 

A cylindrical stainless steel tank [4] was made to confine the core and to surround the 
assembly with water during the performance of the special experiments on criticality safety. 

The tank was 697 mm in outer diameter and 1 mm thick. The total height was 782 mm. 
For criticality safety purposes, a fast water drainage system was provided (Figure 2, 4). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: General view of the water moderated NARCISS-M critical assembly  
with the water tank 

 
Figure 5 shows the general view of the NARCISS-M critical assembly without the 

water tank. 
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Figure 5: General view of the water moderated NARCISS-M critical assembly without 
the water tank 

3.2 Core 

The core was made up of fuel elements in aluminum tubes fixed in the holes of top and 
bottom tube sheets forming the complete structure (“basket”). Figure 6 shows the structure of 
the basket for the NARCISS-M critical assembly. 

 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 6: Structure of the “basket” for the  NARCISS-M critical assembly 
 

The “basket” was installed in the vessel of the assembly, specifically oriented and fixed 
in the vessel by three locks in its upper part. 

The spacing of the fuel elements across the core was defined by configurations of the 
top and bottom tube sheets. Lattice configurations differed from each other in: 

-    number of fuel elements, 
- radii of concentric circles where fuel aluminum tubes were located,  
- number of fuel elements located at each circle. 
Some examples of lattice configurations are given in Figure 7. 
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Figure 7: Some examples of lattice configurations for spacing of the fuel elements  
 

3.3 Moderator and Reflectors of the Assembly 

The moderator and the end reflectors of the NARCISS-M assembly were formed of 
distilled water filling the vessel. 

Radial reflector was formed of distilled water filling the tank [4]. 
 

3.4 Control and Safety Drums 

The special rotating drums in the shape of thin walled perforated stainless steel 
cylinders [4] were used in the experiments (Figure 8). The rotating drums were 70 mm in 
outer diameter and 68 mm in inner diameter. The inserts of boron containing alloy are 
installed at the inner side surface of the drums. The inserts of boron containing alloy were 
67 mm in outer diameter, 5 mm thick and were fabricated in the form of segments with the 
central angle of 1160.  

Each drum was rotated from 0 to 1800 by an individual drive. 

 
Figure 8: The rotating drums for the water moderated critical experiments  

 
 
 

3.5 Results of Experiments 

The main aim of these experiments was to find the minimum critical mass of the highly 
enriched fuel elements of the TOPAZ-2 space nuclear reactor in water. Table 2 gives the 
description and results of the experiments. 

 



108.7 

Proceedings of the International Conference Nuclear Energy for New Europe, Portorož, Slovenia, Sept. 8-11, 2003 

 
 
Table 2: Results of Critical Experiments with Highly enriched (96%) Uranium Dioxide 

Pins and Water Moderator. 

# Fuel Elements (FEL) 
Distribution: 

Radii mm [Number] 

FELs 
Height, 

mm 

FELs 
Number  

 

UO2 
Mass, 

kg 

Control Drums Position 

1 0[0], 42.6[6], 81.8[12], 
116.0[12] 

375 30 24.5 CD-5, φ=25.50; 
CD-1, 3, 4 φ=00; 

Remaining φ=1800 
2 0[1], 42.6[6], 81.8[12], 

116.0[12] 
300 31 20.4 CD-5, φ=20.50; 

Remaining φ=1800 
3 0[1], 37.15[3], 

65.0[12], 105.35[18] 
325 34 24.0 CD-5, φ=53.50; 

CD-2, 4 φ=00; 
Remaining φ=1800 

4 0[1], 30.0[6], 63.0[12], 
103.0[18] 

260 37 21.2 CD-5, φ=98.00; 
Remaining φ=1800 

5 0[1], 32.0[6], 65.0[12], 
105.0[18] 

260 37 21.2 CD-5, φ=53.50; 
CD-2, 4 φ=00; 

Remaining φ=1800 
6 0[1], 37.15[6], 

65.0[12], 105.35[18] 
250 37 20.4 CD-5, φ=15.00; 

Remaining φ=1800 
7 0[1], 42.6[6], 75.0[12], 

109.0[18] 
260 37 21.2 CD-5, φ=20.00; 

CD-2, 4 φ=00; 
Remaining φ=1800 

8 0[1], 42.6[6], 75.0[12], 
109.0[18] 

375 37 20.4 CD-5, φ=10.00; 
Remaining φ=1800 

9 0[1], 47.5[6], 81.4[6], 
119.0[12] 

469 25 25.8 All CD and SD, φ=1800 
Subcriticality, ρ=-1.68$ 

 
 
 
 

3.6 Computational Model of the Water Moderated Assemblies  

Physical model of the critical assemblies simulating accidental water immersion of 
highly enriched uranium dioxide fuel elements at the NARCISS-M facility for calculations 
with various codes was developed [2]. 

Figure 9 gives an example of computational model as applied to the Russian Monte-
Carlo computer code MCU for calculations of criticality parameters. However, the 
calculations using this model have not been performed yet. 
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Figure 9: Example of computational model of the water moderated assembly of the 

NARCISS-M facility 
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