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Task Description 
The goal of this task is to evaluate new sorbent 
materials, ion-exchange materials, or other processes 
for groundwater and process wastewater decontami-
nation that will be more selective for the removal of 
90Sr and 137Cs than standard treatment methods. 
Laboratory studies will strive to obtain a quantitative 
understanding of the behavior of these new materials 
and to evaluate their sorption efficiency in reference 
to a standard benchmark treatment technique. 

Testing of the new materials will begin by conduct-
ing scoping tests where new treatment materials are. 
compared with standard, commercially available 
materials in batch shaker tests. Sorption tests will be 
performed under various treatment conditions (e.g., 
pH, temperature, simulant waste composition) for the 
most promising materials. Additional testing with 
actual wastewater will be conducted with two or 
three of the most effective treatment methods. Once 
batch testing of a treatment method is completed, 
dynamic column tests will be performed using the 
most successful sorbents, to obtain the defining col-
umn operating parameters. 

Technology Needs 
Most DOE sites manage very large volumes of 
dilute liquid wastes that must be treated before being 
discharged to the environment. The waste is composed 

• principally of contaminated groundwater and 
cooling water. Wastewater generated from research 
operations, reactors, and radiochemical production 
facilities also contribute to the overall waste inven-
tory. The principal contaminants of the waste are 
90Sr and 137Cs with trace quantities of heavy metals 
and organics.. 

The current treatment processes for these wastes 
generate large amounts of solid secondary waste 
that must be disposed of as radioactive waste. 
Handling and disposal of these secondary wastes 
is very expensive. Therefore, new processes are 
needed that will minimize the volume of secondary 
waste produced. 

Scientific Background 
A number of sorbents, ion exchangers, and advanced 
èxtractants are currently being developed for remov-
ing strontium and cesium from highly alkaline waste. 
These same sorbents may hold promise for the treat-
ment of contaminated groundwater and process waste-
water. Materials and processes that have demonstrated 
a high efficiency for nuclide removal from alkaline, 
and in some cases neutral, wastes include selective 
molecular recognition sorbents that have been immobi-
lized on permeable membranes by 3M; the resorcinol-
formaldehyde resin developed at Savannah River 
Technology Center (SRTC); engineered silicotitanates 
developed at Sandia National Laboratories; and sodium 
titanates, pillared clays, and micas developed by 
Texas A&M University and AlliedSignal, Inc. 

1 Managed by Lockheed Martin Energy Research Corp., for the U.S. Department of Energy under contract 
DE-AC05-960R22694. 
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Technical Approach 
Testing of these new materials will be initiated by 
first preparing a standard wastewater simulant, and 
then selecting natural chabazite zeolite sorption as 
the baseline treatment technology against which the 
new materials will be tested. Testing procedures will 
then be standardized so that sorption behavior of the 
newly developed materials can be evaluated under 
comparable experimental conditions. The most prom-
ising materials will then be tested under dynamic 
flow conditions in small column tests and also will 
be used to treat actual wastewater samples. 

Accomplishments 
Batch sorption studies using treated zeolite in the 
wastewater simulant have been completed; radionu-
clide sorption on the zeolite was determined to fit 
the Freundlich sorption model. Zeolite sorption effi-
ciency was observed in the presence of the major 
cations present in wastewater (e.g., sodium, calcium, 
potassium, and magnesium). Chabazite zeolite was 
also used to decontaminate batch samples of actual 
process wastewater and groundwater. The sorption 
characteristics of small zeolite column were deter-
mined using a wastewater simulant; 50% break-
through of strontium and cesium from a 3.85-mL 
zeolite column occurred at 15,000 and 50,000 bed 
volumes, respectively. 

After the sorption characteristics of baseline zeolite 
sorbent had been determined, testing of emerging 
sorption materials began. The resorcinol-formaldehyde 
(R-F) resin was selected as the first in the series of 
new sorbents that will be tested under this task. 
Although the resin was initially developed for the 
removal of cesium in highly alkaline waste streams, 
the material has demonstrated promise in removing 
both cesium and strontium from wastewater simulant. 
Batch-wise testing of the R-F resin was conducted to 
determine the optimum conditions for nuclide removal 
in the simulant. 

Sorption results from several resin pretreatment 
methods were compared to sorption isotherms 
developed using the resin as received. Optimum resin 
performance was achieved by washing the resin with 
ultra-pure water. The cesium sorption isotherm on 
the resin is linear for simulant containing 10'9 to 104 

meq/L cesium; the cesium sorption ratio in the linear 
range is 28,000 L/kg. The cesium sorption capacity 
in the wastewater simulant was similar to that found 
using the chabazite zeolite treatment, approximately 
0.1 meq/kg. 

The strontium sorption isotherm has two inflection 
points, possibly indicating a multilayer sorption mecha-
nism. The sorption capacity, therefore, is dependent 
on the ratio of sample volume-to-mass of resin used 
in the batch test. If this ratio is less than 0.5 mL per 
mg resin, the strontium sorption capacity on the resin 
is 600 meq/kg. If the sample volume-to-resin mass 
ratio is greater than 2 mL/mg, the strontium sorption 
capacity in the simulant is only 4 meq/kg. In com-
parison, the strontium sorption capacity from the 
same simulant using pretreated zeolite is 30 meq/kg. 

The effect of elevated sodium, potassium, magnesium, 
and calcium concentration on strontium and cesium 
sorption was studied. Strontium sorption on the resin 
is significantly more effected by the presence of inter-
fering cations, as compared to that observed with the 
zeolite. With the addition of 4 meq/L interfering cat-
ion to the wastewater simulant, the strontium sorp-
tion ratio is reduced to 0.3% of its original value. 
The cesium sorption is reduced by 50% for the same 
increase in cation concentration. 

A column study has been initiated to determine the 
breakthrough characteristics of strontium and cesium 
from R-F resin. The column is sized similarly to 
that of the zeolite column test so that direct compari-
son of column behavior can be made. 

Samples of crystalline Na4TigO20 powder and pellets 
were received from AlliedSignal and are currently 
being evaluated with the same procedures used to 
characterize the zeolite and R-F resin. 
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Benefits 
This task will perform evaluations of ESP separation 
technologies for removing strontium and cesium 
from process wastewater and contaminated ground-
water. Successful tests of these processes may lead 
to full-scale demonstrations as part of the Tank Focus 
Area. These technologies may eventually be deployed 
by the Tank Waste Remediation System program or 
similar waste remediation operations at Savannah 
River, Oak Ridge, and Idaho that may generate large 
volumes of secondary, slightly contaminated process, 
ground, or surface waters. 

Technology Transfer/Collaborations 
New sorbent materials have been obtained through 
collaboration with 3M, AlliedSignal, Boulder Scientific 
Company, and Pacific Northwest National Laboratory. 
Formulations of wastewater and groundwater simu-
lants, representing water at Oak Ridge, have been 
forwarded to IBC Advanced Technologies, 3M, and 
Texas A&M University to aid in the development of 
new sorbents for wastewater applications. Sorption 

results using chabazite zeolite have been forwarded 
to Parsons Engineering Science, Inc., ORNL Waste 
Treatment Plant staff, and Westinghouse Electric 
Corporation for guidance in the treatment of contami-
nated wastewater. 
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