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Abstract 

Presented is a brief description of the Narciss-M2 critical assemblies, which simulate 
accidental watedwet-sand immersion of the TOPAZ-I1 reactor as well as water-flooding of core 
cavities. Experimental results obtained from these critical assemblies, including experiments 
with several fuel elements removed from the core, are shown. These configurations with several 
extracted fuel elements simulate a proposed fuel-out anticriticality-device modification to the 
TOPAZ-11 reactor. Preliminary computational analysis of these experiments using the Monte 
Carlo neutron-transport method is outlined. Nuclear criticality safety of the TOPAZ-I1 reactor 
with an incorporated anticriticality unit is demonstrated. 

,INTRODUCTION 

The TOPAZ-I1 space nuclear power system is a small, heterogeneous, intermediate-spectrum 
reactor that uses highly-enriched uranium-dioxide fuel and a zirconium-hydride moderator 
(Ponomarev-Stepnoi 1989). A crucial issue for space nuclear reactors is ensuring criticality 
safety at all stages of ground preparation, launch, and operation in the working orbit. It was 
shown by analytical investigation that one of the most severe emergency situations related to 
criticality safety is reactor immersion into water or wet sand with water penetration into the inner 
cavities of the reactor that can result in increased reactivity. As shown in preliminary studies, 
reactivity values obtained from computations in Russia and the United States (U.S.) are 
significantly different. Therefore, it was crucial to evaluate the methods for assessing nuclear 
criticality safety. Accordingly, special experiments were performed in 1993 to 1994 at the 
Narciss-M2 critical assembly. These experiments were conducted to study the effects of 
surrounding the assemblies with water and of allowing water penetration into the inner cavities 
of the critical assemblies that simulate the TOPAZ-I1 reactor, as well as to evaluate methods of 
assuring reactor subcriticality under these conditions. The results of these experiments and their 
tentative computational study by the Monte Carlo method are presented in this report. 

EXPERIMENTAL INVESTIGATIONS AND RESULTS 

Experimental studies of different critical-assembly configurations, under conditions of water 
and/or sand immersion and water filling of the reactor cavities, were pursued at  the Narciss-M2 



facility. To study the possibility of a reactivity increase from water immersion and/or burial in 
sand, experiments were performed with the partial removal of fuel from the core and with 
absorbers and displacers inserted into central cavities of fuel elements. The experimental results 
for the main configurations of critical assemblies studied at the Narciss-M2 facility are described 
below: 

e 

Configuration 0. This critical assembly with a beryllium radial reflector is unaffected by a 
water environment (i.e., without surrounding the assembly with wa te rhnd  or flooding the 
inner core cavities). The number of fuel elements is 37, each of which has a height of 
H ~ 3 7 5  mm. This critical assembly is assumed to be the initial point for the reactivity-effects 
evaluation for other configurations. 

Configuration 1. The radial beryllium reflector is dismounted and is replaced by a water 
radial reflector and experimental rotary drums filled with water. Inner cavities of the core are 
filled with water. The number of fuel elements is 37, each having a height of Hf=375 mm. 

Configuration 2. The same as Configuration 1, but four fuel elements are removed and the 
resulting void is filled with water. There are thus 33 fueled elements in this configuration. 

Configuration 3. The radial beryllium reflector is dismounted and is replaced by a wet-sand 
radial reflector and experimental rotary drums filled with water. Inner cavities of the core are 
filled with water. The number of fuel elements is 37, each having a height of 8 ~ 3 7 5  mm. 

Configuration 4. The critical assembly with a beryllium radial reflector is surrounded with 
water. Inner cavities of the core are water-filled. The number of fuel elements is 34, each 
having a height of H ~ 3 7 5  mm. 

The experiments were performed to obtain criticality for all configurations except 
Configuration 2, which was subcritical. Its subcriticality was measured by the source-jerk 
technique. Critical positions of drums and assembly reactivities for all configurations are given 
in Table 1. Other parameters of the critical assemblies that vary for different configurations, 
such as differences in fuel-pellet (FP) diameter, are also shown in this table. 

COMPUTATIONAL INVESTIGATION OF CRITICAL ASSEMBLIES 

The Monte Carlo method was used for computational study of the critical experiments because 
of the complex structure of the TOPAZ-I1 reactor and critical assemblies under investigation, as 
well as the physical properties of intermediate-spectrum, heterogeneous systems with highly 
enriched fuel. Computations were performed using the MCU (Russian) and MCNP (U.S.) codes. 
The calculational model was rather detailed to properly account for all gaps and cavities filled 
with waterhand in the experiments. Construction elements of the thermionic fuel element m), 
fuel, control drums, and reflectors were considered by the calculational model. The results of 
calculational investigations and comparisons with experiments are shown in Table 2. 

When the results of the experiments at  the critical assemblies are compared with 
computational data it becomes apparent that computational codes based on the Monte Carlo 
method, as well as the neutron data used, provide agreement with the experiment. Thus, earlier 
computational data on nuclear criticality safety (with regard to the anticriticality unit) for the 
TOPAZ-I1 reactor (Sapir et  al. 1994) are confirmed experimentally. These experiments also 
support the conclusion that the water-flooded TOPAZ-I1 reactor surrounded with wet sand has 
more reactivity than if it was water flooded and surrounded with water, although this difference 
is modest. As for dry sand surrounding the TOPAZ-I1 reactor, experiments showed that the 
reactor remains subcritical. 



TABLE 1. Critical Assemblies Configurations. 

# Description 
Reactivity with 

12 Drums 
Withdrawn, Beff 

Critical Position of Drums (")* 

SDs CMtl CMt2 CMt3 CM14 CD#5 CD#6 
0 Without water; 180 180 0 180 0 107 0 +2.35 

Beryllium reflector; 
37 FP 017.Ox4.5; 
Hp375 mm 

1 Water filled cavities; 
Water radial reflector; 
30 FP 017.Ox4.5; 
7 FP 017.9x8.0; 
Hp375 mm 

2 Water filled cavities; 
Water radial reflector; 
30 FP 017.Ox4.5; 
3 FP 017.9x8.0; 
H ~ 3 7 5  mm; 
Fuel removed from 
channels 2,4,5,6 and 
replaced with water 

3 Water filled cavities; 
Wet sand radial reflector; 
37 FP 017.0x4.5; 
Hp375 mm 

4 Water filled cavities; 
Beryllium radial reflector 
surrounded with water; 
34 FP 017.Ox4.5; 
H ~ 3 7 5  mm; 
Fuel removed from 
channels 2,4,6 and replaced 
with water. 

180 

180 

180 

180 0 180 0 97 180 4.80 

-9.1 

0 

180 

180 0 180 36 0 +1.19 

180 180 180 73 180 +0.35 

* SDs represents the position of all six safety drums. CMt n indicates the position of six individual control drums. 

TABLE 2. Results of Critical Assemblies Calculations. 

# for Criticality Reactivity with 12 Drums Withdrawn ($) 

Experiment Computation using MCU Experiment Computation using MCU 
(Be~O-008) 

0 1 .Ooo 1.002M.001 +2.35 --- 
1 1 .Ooo 0.992M.003 4.80 ___ 
2 --- 0.92&0.003* -9.1 -9.5 
3 1 .Ooo 0.99150.002 +1.19 ___  
4 1 .ooo 1.001&0.002 4 .35  --- 

* With 12 drums withdrawn (cp = 180") 



CONCLUSIONS 

The experimental and calculational study of the water-flooded and wet-sand-immersed reactor 
performed at the Narciss-M2 facility (RRC Kurchatov Institute, Russia) has supported the 
conclusion that neutron data and codes based on the Monte Carlo method used in the U.S. and 
Russia provide good agreement with the experiment. Thus, the earlier computational data for 
nuclear criticality safety of the TOPAZ-I1 reactor were confirmed by the experiment. 

However, because there is some difference between computational data produced in the U.S. 
(MCNP code) and in Russia (MCU code) it will be necessary in the future to investigate in detail 
the reasons for this difference. This will allow further improvement of the anticriticality unit 
design for the TOPAZ-11 reactor. Experimental data on the reactivity effect of the water-flooded 
and waterhand-immersed reactor obtained at the Narciss-M2 facility are sufficient for this 
purpose. 
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