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SHEBA Prompt Burst Dynamics 

Robert Kimpland 

Introduction 

The Solution High-Energy Burst Assembly (SHEBA), located at the Los Alamos 

Critical Experiments Facility, is a homogeneous liquid-fueled reactor that is being 

prepared for prompt burst operation. As part of the preparations, a reactor safety study 

was performed in support of the new SHEBA experiment plan. This study looked at the 

maximum power, total energy yield, and maximum transient pressures that may occur in 

the reactor during prompt burst operation. The goal of this study is to analyze the 

neutronic and hydrodynamic behavior of the reactor during burst operation, and to ensure 

that prompt burst operation does not damage the reactor or exceed the safety envelope 

of the facility’s Safety Analysis Report (SAR). 

SHEBA consists of an annular fuel core surrounded by a stainless steel shell. The 

outer radius of the core is 24.4475 cm and the inner radius is 3.175 cm. The center of 

the core is occupied by a thimble, which houses a safety/burst rod made of boron 

carbide. Control of SHEBA is accomplished by varying the height of the fuel in the core. 

SHEBA may be operated in a free-field condition or lowered into a concrete shielding pit, 

which also acts as a reflector. Typically, the critical height of the fuel is between 43 and 

45 cm, depending on fuel temperature and core location. 

SHEBA currently has two different fuels available for prompt burst operations. The 

first fuel is a 5Y0-enriched aqueous uranyl fluoride salt solution with a uranium 

concentration of approximately 1000 gU/liter. The second fuel is a 20%-enriched aqueous 



uranyl nitrate salt solution with a uranium concentration of 190 gU/liter. The study 

analyzed the behavior of both fuels during prompt burst operations. 

The study makes use of a computer simulation model developed at the University 

This model combines an equation of state and energy, momentum, and of 

continuity equations for the fuel with a radiolytic gas production model and the reactor 

point-kinetics equations, to form a coupled neutronic-hydrodynamic model of the SHEBA 

core. The model tracks fuel temperature, density, and pressure as a function of time and 

position. A reactivity feedback model, which accounts for fuel temperature and density 

changes and radiolytic gas formation, allows the simulation model to predict self-limiting 

power bursts above prompt. 

To begin the study, the computer model was used to simulate prompt bursts in the 

SILENE reactor, which is similar to SHEBA, both in geometry and fuel comp~sition.~ Peak 

power, burst yield, and transient pressure data exists for several SILENE experiments. 

The SILENE data was used to calibrate the radiolytic gas model by matching the results 

of computer simulations and experimental data. The radiolytic gas model, which produced 

the best match between the computer simulations and the experimental data, was then 

used to simulate SHEBA bursts. 

Inertial Effects 

From a reactor safety viewpoint, inertial effects are one of the most important 

areas of concern. Inertial effects are large transient mechanical stresses or pressures that 

are produced in fuel materials during sufficiently large exponential power bursts. In the 

case of SHEBA, an inertial pressure may be built up in the liquid fuel, potentially causing 

damage to the core vessel or fuel-pumping system. 
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Two mechanisms are responsible for the formation of inertial pressure in aqueous 

fissile solutions. The first is a lag in thermal expansion during an exponential power burst. 

The rate at which the temperature of the fuel material increases is so large that the 

material cannot expand fast enough to relieve the internal pressure generated. The 

second mechanism is the formation of radiolytic gas bubbles. These bubbles form and 

expand so rapidly that they create dynamic pressure waves in the surrounding liquid. This 

results in a transient compression of the liquid fuel. 

The simulation model uses two-dimensional Eulerian hydrodynamics to track the 

motion of the liquid fuel. The Navier-Stokes equations are used to describe the axial and 

radial velocities of the fuel, and a simple continuity equation is used to track the change 

in density of the fuel. A condensed-phase equation of state, which has been modified for 

liquids containing gas bubbles, is used to calculate inertial pressure. These equations are 

driven by the neutron kinetics, through an energy equation which calculates changes in 

fuel temperature. The neutron kinetics are, in turn, driven by the fuel motion and 

temperature through reactivity feedback. 

Reactivity Feedback 

Three reactivity feedback mechanisms occur during prompt bursts in SHEBA, 

volumetric expansion, thermal neutron temperature effects, and radiolytic gas void 

formation. As the temperature of the SHEBA fuel increases, its volume expands by 

increasing the fuel height. This causes fuel atomic number densities to decrease, and 

thus macroscopic cross sections to decrease, which leads to increased leakage. 

Also, as the temperature of the SHEBA fuel increases, a hardening of the thermal 

neutron spectrum occurs. This hardening of the spectrum to higher energy causes the 
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neutrons to "see" different thermal cross sections. In the case of uranium fuels, this 

produces negative reactivity feedback. 

The formation of radiolytic gas in the SHEBA core causes a displacement of the 

fuel. This displacement tends to move fuel from regions of high importance to regions of 

lower importance. Void formation can radically alter the geometry of the core, and 
~ 

produce large negative reactivity feedback. I 

Several neutron transport analyses were performed to obtain reactivity feedback 

coefficients suitable for use in the reactor kinetics equations. The reactivity feedback 

model tracks the change in reactivity of the SHEBA core as a function of fuel density, fuel 

temperature, and the volume of radiolytic gas produced. 

Results and Conclusions 

Calibration and testing of the computer model was performed by simulating several 

SILENE pulse experiments. Figures 1 and 2 show a comparison between the model's 

results and experimental data from the 71 -gU/liter uranyl nitrate solution series in 

SILENE.4 The maximum relative error between the model and experimental data is 13% 

for the burst yield and 30% for the maximum inertial pressure. The computer model 

adequately simulates both the neutronic and hydrodynamic behavior of SILENE. 

Simulation of prompt bursts in SHEBA, with both fuels, has been performed with 

the computer model. Figure 3 shows the model's predicted power and pressure pulses 

for a $2.00 burst in the fluoride fuel. The model predicts a peak power of 1076 MW, a 

burst yield of 11 MJ, and a maximum transient pressure of 0.37 MPa. The results of this 

study indicate that no damage will occur to either the SHEBA vessel or the fuel-pumping 



system for bursts up to $3.00, nor will these operations exceed the safety envelope of the 

Facility's SAR. 
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Comparison of burst yield vs. reactivity for SILENE. 
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Figure 2 Comparison of maximum pressure vs. reactivity for SILENE. 
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Figure 3 Model’s predicted power and pressure pulses for a $2.00 burst in the uranyl 
fluoride fuel. 


