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Summary 
 
99Mo is a radioactive element that decays to a meta-stable state of 99Tc which is a pure 
gamma ray emitter. Being a pure gamma ray emitter is a rare quality and is useful 
especially for medical purposes. The United States uses more than 50% of the world’s 
99Mo for medical use (imaging, treatment, etc.) and produces none. There has been a 
renewed interest in a type of nuclear reactor that would be put to use specifically for the 
purpose of 99Mo production; said reactor is called an aqueous homogeneous reactor. 
An aqueous homogeneous reactor is a solution reactor that is fueled by soluble uranium 
salts dissolved in water. Aqueous homogeneous nuclear reactors were some of the first 
types of nuclear reactors built during the Manhattan project but were later shut down 
because of their failure to operate at high power, sufficient amounts of research on 
involved nuclides, and potential dangers during operation. However, aqueous 
homogeneous reactors could provide a continuous, easy, and relatively low 
maintenance means of generation of 99Mo as opposed to previous methods of 
generation. The NRC cannot license and allow companies to begin operation of 
aqueous homogeneous reactors without knowing all of the potential risks of running 
one. 
 
Aqueous homogenous reactors produce a lot of H2 and O2 due to the radioactive decay 
that occurs in the fuel solution; this is called radiolysis. A mixture of H2 and O2 can be 
both problematic and useful to the design of an aqueous homogeneous reactor. On one 
hand H2 is highly flammable and O2 could help fuel the flame posing a lot of danger to 
operation. On the other hand, with responsible management and a well designed off-
gas system it would be easy to recombine H2 and O2 into H2O and cycle it back into the 
solution. However, before any of this can occur a rate of gas production in an aqueous 
homogeneous nuclear reactor must be established. 
 
 
It was our team’s job to design an experiment capable of measuring the gas production 
of an aqueous homogenous nuclear reactor. First we solved for a sample capable of 
replicating reactor-like conditions in an aqueous homogenous reactor which consisted 
of about 1.9 kg of UO2SO4

 dissolved in 2.11 L of water for a combined total volume of 
2.54 L. We then decided it was necessary to irradiate the sample using a thermal 
neutron beam to further replicate reactor flux and fission rates. With the appropriate 
reactor conditions established we knew we would get a measurable amount of gas 
output due to radiolysis by using correlations/estimates previously established for a rate 
of H2 production per energy deposited in the fuel. Once it was confirmed that we were 
getting measurable amounts of gas we could focus on the actual equipment and 
process needed to measure the gas. All gas produced by the reactor will be collected in 
a separate container via vacuum pump; said gas will then be extracted with a shielded 
gas tight syringe and put into a gas chromatograph paired with a thermal conductivity 
detector for analysis. The gas chromatograph will separate the sample into its 



constituent gases and the thermal conductivity detector will determine how much of 
each gas makes up the sample. 


