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Summary

Oak Ridge National Laboratory (ORNL) is a research facility owned by the Department of
Energy and operated by Martin Marietta Energy Systems. At ORNL, research is performed in a wide
range of areas including nuclear energy research, environmental sciences, materials research, health
and safety research, and production of radioisotopes. These activities generate 70 million gallons per
year of process wastewater which is basically tap water and ground water containing trace amounts
of radioactive compounds. This water is treated for removal of contaminants at the Process Waste
Treatment Plant (PWTP) before discharge to the environment. Water softening followed by ion-
exchange is used to decontaminate the wastewater. The wastewater softening process removes water
hardness compounds such as calcium and magnesium by precipitation, settling, and filtration to
prevent them from interfering with the following ion-exchange treatment. The wastewater is pumped
through a vertical ion-exchange column which exchanges the radioactive strontium in the wastewater
with nonhazardous elements such as sodium. Any calcium and magnesium in the softened wastewater
will be removed by the ion-exchange process, leaving less resin capacity for removal of the
radionuclides. This reduces plant efficiency, increases costs, and increases the volume of PWTP
secondary radioactive waste which must be disposed.

There are many things that can cause the softening process to operate poorly. In some cases,
the problems are easily identified and rectified, while in other cases, extensive study of the softener
operation is needed. An ongoing effort is underway to optimize the operation of the softener and
thus maintain peak efficiency, minimize costs, and minimize secondary waste volumes.

The softening process involves the addition of sodium hydroxide to precipitate calcium
carbonate and other hardness compounds, followed by addition of ferric sulfate and an anionic
polyelectrolyte to aid in agglomeration, settling, and separation of the solid particles from the
wastewater. The softener consists of a rectangular tank with a large baffle partially separating a slow-
mix zone (where precipitation occurs) from a clarification or liquid/solid separation zone. In the slow-
mix zone, the wastewater and treatment chemicals are allowed to mix and react The wastewater then
flows under the baffle and upward into the clarification zone where the solid particles are allowed
to settle. The clarified wastewater is pumped through filters to remove any remaining solids before
the ion-exchange treatment. The precipitated particles in the softener are removed periodically from
the bottom of the clarification zone and are dewatered and containerized for disposal.

In February 1992 an intensive test program, brought about by softener operational difficulties,
was begun. The test program revealed several important parameters which significantly affected
softener performance. For example, routine addition of sodium carbonate to the wastewater feed
increased the rate, and sometimes the extent, of the softening reaction. Also, the addition of certain
commercial detergents and cleaners to the wastewater significantly inhibited the softening reaction.
Lastly, it was found that the extent of softening was extremely sensitive to the rate of addition of
ferric sulfate, routinely added at a concentration of 2.5 mg/L (as iron). The findings from this test



program have resulted in limiting the types of detergents used at ORNL and improved control of
ferric sulfate additions at the PWTP. Implementing these measures has improved softener
effectiveness, reduced costs, and reduced secondary waste volumes. ORNL will continue to conduct
treatment optimization activities such as this, which support environmental protection and the health
and well-being of surrounding communities.


