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ABSTRACT 

This document summarizes the experimental results obtained in 

the SILENE test reactor on pressure waves accompagnying fast power transients. 

Measurement data from a pressure sensor in the fissile solution was used 

to determine the relation between the maximum pressure wave amplitude bp 

and certain characteristic parameters of the first peak :w(the reciprocal 

of the period) and 2 (the energy integrated up to the maximum of the pressure 

peak). 

The results indicate that the pressure signal is initiated prior 

to the maximum of the power peak ; it is very likely that the radiolysis 

gases contribute negative reactivity to the excursion kinetics, compounding 

the temperature effect. 

On the basis of theses findings it may be affirmed that a signifi- 

cant pressure wave would only be generated during a fissile solution power 

excursion if the phenomenon occurred very quickly (i.e. in less thant 10 

msec). 
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CRITICALITY ACCIDENTS IN SOLUTION 

Review of Pressure Wave Measurement Experiments in the SILENE Reactor 

1. EXPERIMENTAL OBJECTIVES 

Several specific experiments were conducted during 1980 and 1981 

in the SILENE reactor cl] to provide fundamental information on the mechanisms 

by which a dynamic pressure wave in produced in the fissile solution during 

an accidental criticality excursion. A pressure sensor was placed on the 

fissile solution midplane, and data was acquired for the following purposes : 

- First, as part of the safety studies for which criticality experi- 

ments are carried out at the Valduc Nuclear Research Center, to develop 

simple models correlating the pressure wave with the power excursion kinetics 

(period, power, energy, etc... ) for practical application to safety analysis. 

- Application of this model to the SILENE reactor itself to ensure 

that the core vessel can withstand high reactivity steps, as the maximum 

permissible pressure wave on the vessel wall is limited to 8 bars absolute. 

- A longer term objective based on the results of radiolysis gas 

formation experiments [2] is to understand and model the physicochemical 

phenomena governing the formation of radiolysis gases and the generation 

of a pressure wave. 

These phenomena are important in nuclear safety since a pressure 

wave can jeopardize the integrity of the first containment barrier ; hydrogen 

formation due to radiolysis may result in an inflammation or explosion ha- 

zard ; and accurate modeling of an accidental criticality excursion in a 

fissile solution [UO2(NO3)2, Pu(N03)4, UO2F2] is only possible if the computer 

code set allows for radiolysis and bubble formation. 

This is obviously a long term objective. Models were proposed 

in the USA as part of the KEWB program, and can constitute the groundwork 

for further research. 
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The work accomplished by the CEA/IPSN/SRSC to date and reviewed 

in this document has been limited to conducting tests with the SILENE reactor 

to develop simple models. 

2. SILENE REACTOR CONFIGURATION AND DESCRIPTION OF EXPERIMENTAL DEVICE 

SILENE is a uranyl nitrate solution fueled reactor with the feature 

to perform power transients corresponding to kinetics representative of 

an accidental criticality excursion. 

The bottom of the core vessel includes a CEC BELL pressure sensor 

designed to ensure at all times that the reactor operating pressure limit 

of 8 bars absolute has not been exceeded. 

For the purposes of this study a different type of pressure sensor 

(KISTLER) was placed in fissile medium on the solution midplane at the point 

of maximum axial flux (figure 2). 

The CEC BELL pressure sensor is a tight wire design, while the 

KISTLER sensor is a piezoresistive model. The nature of the environment 

made the choice of a pressure sensor difficult : it had to be temperature- 

independent , acid resistant, relatively insensitive to nuclear radiation 

and with a minimum response time. Further details are provided in reference 3 

3. EXPERIMENTAL RESULTS 

The principal results are indicated in table 1. Figures 3 through 

19 show the sensor values recorded during the power transients. The following 

notation is used throughout : 

Qt 
Total uranium concentration (g.l-I) (92,7 % 23511 enrichment) 

"f Final volume (1) 

KeffI Effective reactivity at the moment of the first peak 

T2 Doubling time (msec) 

u Reciprocal of period (see-I) 
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; Maximum power at top of first peak (fissions.sec'I) 

0 Time corresponding to maximum power during first peak 

t0 
II II to beginning of pressure signal in the solution 

tP 
II II to maximum pressure signal in the solution 

&P Dynamic pressure wave at bottom of core vessel during first peak 

E  ̂

(relative value) 

Energy integrated to ? (time of maximum power). 

4. PROPOSED RELATION FOR Ap IN LIQUID PHASE 

In compliance with the formalism defined in reference Cl 3 the 

results were used to determine the following expression relating Ap (the 

relative pressure variation) to the power excursion parameters :w(reciprocal 

of the period) and f (energy integrated up to the instant of maximum power) : 

Ap (bars) = 1.14 x lo-l9 (Uf - 6.2 x 1017) 

where W = l/Te (set-I) and I! is expressed in fissions, as shown in figure 

20). 

5. INITIAL CONCLUSION 

Theses experiments have provided us with a simple model that can 

be used for safety analysis purposes to estimate the amplitude of the pressure 

wave liable to be generated during a power excursion, for example to ensure 

that the result does not jeopardize the integrity of the solution vessel. 

The expression relating bp tow and f clearly shows that the pressu- 

re wave depends both on thespeed of the power transient characterized byw 

(the reciprocal of the period) and on the energy released in the peak ?. 

i.e. the rate at which radiolysis bubbles are produced. 

More concretely, graph No 21 plots the evolution of the pressure 

wave Dp versus the power excursion doubling time T2, and shows that a signi- 

ficant pressure wave only begins to appear in the fissile solution for 

doubling times shorter than 10 msec. 
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Another aspect is worthy of note. Some figures include signal 

variations from the fissile solution pressure sensor as well as from the 

core vessel bottom pressure sensor, revealing a time and amplitude lag between 

the two sensors that is not surprising in view of their positions and the 

wave propagation rate in the core medium. However, as only the lower sensor 

was previously available, it was always assumed that the pressure wave 

appeared after the power peak ; these results show that a major pressure 

field is created simultaneously with the power peak, and that it probably 

affects the kinetics of the peak. Table 1 indicates the times corresponding 

to the onset of the pressure signal to, the maximum pressure tp and the 

power peak ? . 

All recent hypotheses and theories assume that the radiolysis 

gases only appear after the first peak and that the latter is thus only 

limited by effects related to thermal expansion. The initial findings suggest 

that this is not the case, and show that the ultrasonic technique [2] used 

to detect the "radiolysis gas onset threshold" requires further improvement. 

This method assumes that the ultrasonic waves are disturbed as soon as bubbles 

appear in the fissile solution, and considers this instant as the onset 

of radiolysis gas formation. In fact, this method detects the appearance 

of bubbles which have already reached a certain size, i.e. after a period 

of growth or coalescence, since the bubble detection time measured in this 

way always occurs after the first power peak. 

The pressure wave measured in theses experiments by the liquid 

phase pressure sensor thus incontestably provides the best representationof 

the pressure field created locally by the rapid appearance of radiolysis 

gas microbubbles which are not detected by the ultrasonic system until they 

have grown in size or coalesced with other microbubbles. 

It is reasonable to assert that in the light of the results obtained 

with the SILENE reactor new models may be advanced to explain the physicoche- 

mica1 mechanisms governing the formation of free radicals by radiolysis 

along the paths of fission fragments , as well as the formation of microbubbles 

and their subsequent evolution (growth, coalescence, migration, etc...). 

From a purely scientific standpoint it would no doubt be interesting 

to investigate what might be called the "fissile solution equation of state", 

but in comparison with the safety benefits the magnitude of the effort invol- 

ved precludes any such project without the contribution of foreign partners 

interestedin pursuing this area of research. 
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