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Research Objective:

The objective of this project isto develop anove laser ablation in liquid for surface decontamination. It
amsto achieve more efficient surface decontamination without secondary contamination. Another am
is to make this surface decontamination technology becomes economically feasible for large scde
decontamination.

The mgor gods are asfollows.

1. To deveopnove Laser Ablation Decontamination in Liquid (LADIL) technology for safe
remova of radioactive and/or toxic contaminants from a surface without producing dangerous
secondary pollutants.

2. Toobtanadaabasefor the basc physca processes of laser ablation on a solid-liquid interface
and use the results of this basic study to improve the cleaning efficiency of surface-contaminated
materias.

3. To optimize the cleaning process for efficient recycling of contaminated materids.
4. Toevduaethefeashility of LADIL for large scale surface decontamination.
Research Progress and Implication:

After gpproximate 2 year of a3 years project, we have designed, ingtalled and tested the facility for
laser dblation in liquid for surface desorption. During the past year, we have demongtrated and
evauated surface decontamination with laser ablation in solution. The mechanism for desorption was
aso carefully studied.

During the past year, we have pursued laser ablation in liquid for surface decontamination with laser
wavedength ranging from UV to IR. We found laser wavelength is not a critical factor for surface
decontamination if the liquid solution is transparent to the laser waveength. Since in most waste Sites,
the solution almost dways contain various materias which tend to absorb UV beam, the wavelength
preferred to be used isin near UV or visible region. We have also found laser induced acoustic
desorption can enhance overal desorption efficiency. With the help of optical acoustic desorption, the
overdl efficiency can beincreased by 30%. Our study of the ablation of absorbing liquids showed that
the surface tenson and fluctuation of the acoudtic field causes formation of micro-droplets with an
average radius 5 to 10 um which varies with the laser fluence used for irradiation. Similar to ablation at
aliquid-air interface, ablation at a solid-liquid interface produces micro-particles rather than
evaporation of the solid materid. The average Size of particlesin water was found to be about 3.5 pm.
The observation of particle desorption instead of molecule desorption indicates that the efficiency of



desorption in solution ca be sgnificantly increased compared to desorption in air. Furthermore, the
micrometer Size particles can be easily separated from the solvent by centrifuging. Thusthe
contaminants can be separated and stored in adequate storage area.

During the past year, we have been informed that many DOE sites have nuclear fuel pools with high
levels of contamination. The pools are used for storing spent nuclear fud. The fud was very radioactive,
and was contained in fuel rods. Many rods were placed in a basket with individuad dots for each rod.
They were put in the pool because water is agood shidd for radioactivity. However, after along
period of time, the housing deteriorated and fuel leaked in the pool. Significant part of lesked
contaminants precipitated at the top edge of the pool. Lowering the water level to clean this area during
pool dismantlement allows the contaminants to become airborne at an unacceptable safety risk. We
consder LADIL can have great potentia to achieve decontamination of these nuclear fuel pool. During
the past year, we have put sgnificant effort in evduating the feasbility for LADIL for nuclear fuel pool
decontamination.

Since we are not equipped to handle radioactive materids, we tried to Smulate the deposition of metas
inwater and found significant deposition of meta particles on the top edge of ametd beaker. We then
designed an optical system to guide laser beam into water for surface decontamination without the need
of putting any optics into water. Efficient decontamination was achieved with aNd-Y ag laser. The very
preliminary resultsindicates it has potentid to scale up for nuclear fuel decontamination.

Planned Activities.

During the coming years, we will put mgjor effort to evauate the feasibility of usng LADIL for nuclear
fud pool decontamination. The mgor tasks will include the measurement of surface decontamination
with different pH vaues. We will try to smulate the chemica environments of these fud pool without
radioactivity. An excimer laser beam will be used to check the desorption efficiency at high repetition
rates. A modd will be pursued to estimate the time and cost for decontamination of these pools with
LADIL.

In addition to the sudy on the potentid of fud pool cean-up, we will continue to sudy the fundamenta
mechanism of laser desorption in liquid. They will include the optimization of laser power dengty for
surface decontamination, the suspengion times for farious particles at different Sizes and desorbed
particle size didtribution.



