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The U.S. DOE Hanford Site currently contains 177 underground tanks
filled with high-level radioactive waste. These tanks contain 53 million
gallons of this highly toxic waste. The waste in these tanks is composed
primarily of bi-product from the plutonium development during the
Manhattan Project. In order to protect the environment from this waste, a
waste treatment plant is being built on the site in order to vitrify the waste
(encase it in melted glass) which will then be buried far underground away
from any water sources.

Thermolysis
H2CO + H2O (OH-) →

HCOO- + H2

Water Radiolysis
H 2O + radiation → H- + H+ + OH- + eaqeaq- + H + H 2O → H2 + OHH + H → H2
Organic Radiolysis
H + R-H → H2 + R
Corrosion
2H2O + Fe → Fe(OH)2 + H2

Deflagration:
Deflagration occurs when the propagation of the combustion wave of
through the pipe begins and remains at a low subsonic speed as it
accelerates down the pipeline.
Detonation:
Detonation occurs when the propagation of the combustion wave is
faster than the speed of sound through that material. Due to this, the
pressure in the pipe just ahead of the reaction remains at the initial
pressure.
Deflagration-to-Detonation Transition (DDT):
Deflagrations may have certain mechanisms which generate
turbulence and cause flame acceleration. If the flame front has
sufficient acceleration and distance of travel to approach
approximately half of the equilibrium detonation velocity, the flame
will suddenly jump from deflagration to detonation. This
phenomenon is known as deflagration-to-denotation transition
(DDT)..

During the 2009 SwRI HPAV R-DDT test, seventy-three of the tests resulted
in detonations. The results were also consistent with other tests since they
showed considerable change in DDT distance for gas mixtures with lower H2
concentrations.

Gas generation in high-level radioactive tank waste is one of the major safety
issues at the Hanford Site. Out of the gases generated from tank waste, such as
nitrogen, nitrous-oxide, ammonia, and methane, hydrogen is of primary
concern. Understanding how hydrogen is generated in the waste and the
ability to predict the gas generation rate is essential for controlling and
preventing the flammable gas hazards which may occur during interim
storage, waste transfers, retrieval, and treatment.
The WTP has been constructed with hot cells and black cells in order to
protect workers from the high levels of radiation associated with the highlevel waste. The problem with these cells, especially the black cells, is that
they are virtually inaccessible for maintenance and repair. They have been
designed to last for the entire 40 years of service life of the WTP. The black
cells contain a great deal of pipes in which hydrogen build up may occur. This
highlights the need for HPAV studies and research in order to be sure that such
events do not occur.

In the 2008 HPAV Structural System Response test, eighty experiments were
conducted in the SSR apparatus. Detonation experiments were conducted and
initiated from different ends of the apparatus. Steady detonations were
achieved in all experiments using a gas mixture of 30% H2 and the resulting
velocities are documented. In an attempt to initiate stable high-speed
deflagrations, twenty eight experiments were conducted with hydrogen
concentrations of 12%. In none of these was a stable high-speed deflagration
achieved.

The results from the various experiments show that even in the worst case RDDT scenario, there is still insufficient energy to cause any permanent
damage to the pipe. The nuclear grade stainless steel pipes that will be used in
the WTP are highly ductile with high fracture toughness. The strain rates seen
in the HPAV experiments are within the elastic and elastic-plastic regimes for
this material. The energies associated with worst case R-DDT events are still
two orders of magnitude less than that of TNT, which is what is necessary for
fragmentation of the pipe material. The pipes subjected to many of the HPAV
tests showed no detectable signs of degradation due to the repeated HPAV
detonations.
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