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Task Description 
The Savannah River Site (SRS) has many waste 
streams that are contaminated with radionuclides 
and/or hazardous materials that must be treated to 
remove the radioactivity (cesium, strontium, tritium, 
actinides) and hazardous components (polychlorinated 
biphenyls (PCBs), cyanide, metal ions). 

This task provides testbeds for ESP-developed mate-
rials and technology using actual SRS waste streams. 
The work combines high-level waste solutions currently 
stored in underground tanks onsite, groundwater, and 
other aqueous waste contaminated with tritium and 
reactor basin water in excess facilities. In addition, 
ESP separations technology, developed for other 
applications has been demonstrated for sampling of 
radioactivity from seawater. 

High-Level Waste 

SRS is constructing facilities to process high-level 
waste solutions and sludges. The solutions are treatéd 
to remove 137Cs, 90Sr, and actinides to levels below 
Nuclear Regulatory Commission Class A low-level 
waste. The treated solutions are then grouted for 
near-surface storage onsite. The separated radionu-
clides will be transferred for mixing with the sludge 
and vitrification in the Defense Waste Processing 
Facility. The current process for cesium is precipita-
tion with tetraphenyl borate (TPB). Strontium, pluto-
nium, and uranium are separated at the same time by 
absorption on monosodium titanate. 

The liquid recycled from the vitrification plant also 
requires cesium separation. Cesium in the recycle 
stream occurs because some cesium is volatilized 

during vitrification of the sludge and is removed by 
scrubbing and flushing the offgas system. Current 
plans are to evaporate the solutions in high-level 
waste evaporators and return the concentrated solu-
tions to the existing process for removal of cesium. 
Tests of cesium removal from this stream are planned 
formid-FY 1996. 

Technical Approach. Sodium titanate developed by 
AlliedSignal, Inc., under ESP funding has been tested 
for use in the SRS process. Tests were done with sev-
eral different samples (dry solids and slurries) with 
simulant and actual waste solutions to determine the 
strontium decontamination factor (DF) using a proce-
dure previously developed to ensure that purchased 
material met plant specifications for strontium removal. 
The highest DF obtained with AlliedSignal material 
was 101, which although lower than the desired DF 
of 150, is better than that obtained with current 
large-scale samples of vendor material. Absorption 
of uranium and plutonium from the solutions has • 
also been tested to ensure removal without nuclear 
criticality problems. 

Cesium separation tests are under way with the engi-
neered form of crystalline silicotitanate, IONSIV® 
IE-911 manufactured by UOP Molecular Sieves. The 
material tested is from experimental batch 38-B, a 
noncommercial material. Tests involve measurement 
of the batch Kd for cesium; analytical results are not 
complete. Tests with actual waste solution will follow 
the simulant tests. 

Reactor Basin Water 

SRS has five closed reactors with cooling basins con-
taining about 3 million gallons of cesium-contaminated 
water in each basin. At least one of the basins is also 
contaminated with PCBs or other hazardous materials 
that arose from contaminated water in sumps within 
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the reactor building. Groundwater in the reactor areas 
may also be contaminated with radionuclides and 
hazardous metals from agricultural application before 
building of the plant. The R Reactor basin water 
contains PCBs, cyanide, cesium, and strontium, 
making it a Toxic Substances Control Act (TSCA) -
regulated waste. 

Currently, no integrated systems have been demon-
strated that remove radionuclides and Resource 
Conservation and Recovery Act or TSCA-regulated 
substances from water and at the same time separate 
the regulated substances from the radioactivity so 
that the resulting wastes are not mixed waste. 

Technical Approach. Work is in progress to demon-
strate an integrated system for water treatment at the 
R Reactor basin with equipment and materials sup-
plied by 3M. The integrated system processes 0.3 to 
2.0 gal/min and uses 3M Empore™ membrane filter 
cartridges. The system removes PCBs first, then 
cesium and strontium, and lastly, the cyanide ion. 
The required permit for the test has been applied for 
with testing expected to start in January 1996. 

Sampling Seawater 
Large volumes of seawater must be concentrated 
to perform accurate environmental measurements. 
Current practice is to'ship 55-gallon drums of seawa-
ter to the laboratory for treatment by methods having 
multiple steps. We are testing membranes and resin 
for effective removal of cesium, plutonium, and tech-
netium from seawater to simplify separation and 
analysis of environmental samples. 

Technical Approach. Empore™ (3M) membranes 
were tested for removal of cesium, plutonium and 
technetium from seawater. Technetium was separated 
and concentrated from seawater with Teva™ (Eichrom 
Industries) resin incorporated in an Empore™ mem-
brane. Initial bleedthrough was observed; however, 
spiking the solution with 97Tc allows recoveries tobe 
calculated to give the desired accuracy. Testing was 
done with several different concentrations of techne-
tium with no change in the amount of recovery. 

Resorcinol-formaldehyde (R-F) resin in an Empore™ 
membrane removed cesium from seawater, but the 
recovery was low (<50%). When tested with fresh-
water, the same membrane demonstrated 99% recov-
ery of cesium. Apparently the selectivity of R-F resin 
for cesium relative to sodium was insufficient to 
obtain high recovery of cesium from seawater. The 
same behavior was observed with R-F resin incorpo-
rated in Selentec MagSep™ beads. 

Plutonium was adsorbed from seawater with an 
Empore™ membrane containing sodium titanate. 
Recovery calculations were complicated by inadvert-
ent contamination; however, the tests demonstrated 
the feasibility to the point that 3M and ISCO, a 
manufacturer of environmental sampling equipment, 
will collaborate to provide equipment for field testing 
of both freshwater and seawater under another ESP 
task during FY 1996. 

The techniques developed have also resulted in 
reduced preparation time and cost for analyses of 
environmental samples of both freshwater and sea-
water. Implementing automated sampling will reduce 
costs associated with shipping the samples and dispos-
ing of the seawater after analyses. 

Catalytic Exchange for Aqueous Detritiation 

Several DOE sites have tritium-contaminated 
groundwater. SRS has some process waste streams, 
reactor moderator, and water from the Effluent Treat-
ment Facility that contain 10 to 100 times higher 
levels of tritium contamination than groundwater. 
Canada recently agreed to allow DOE to use their 
patented catalyst system to remediate waste streams, 
but not to treat process-related materials such as 
reactor moderator. The objective of this portion of 
the task is to demonstrate bithermal catalytic exchange 
for detritiation of water using U.S .-manufactured 
catalysts to ensure availability of a catalyst for 
remediating DOE waste streams and materials for 
process streams. 
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Bithermal catalytic exchange uses a hydrophobic 
catalyst at two different temperatures and hydrogen 
gas to detritiate water. The work is being carried out 
at the University of South Carolina (USC) in Colum-
bia and Savannah River Technology Center (SRTC). 
USC has constructed a laboratory apparatus to test 
catalytic exchange of deuterium-protium and very 
low-level protium-tritium mixtures. 

We obtained five catalysts from Hamilton Standard 
for use in USC's test apparatus. The small-scale 
laboratory tests will determine experimentally the 
separation factors, rate parameters, and other param-
eters necessary to evaluate the performance of cata-
lysts for detritiation of water. SRTC is working on 
conceptual design of a pilot plant for detritiation of 
water by catalytic exchange and mathematical model-
ing of the process. Any tests with process-related 
streams will be done at SRTC. 

Technology Transfer/Collaboration 
AlliedSignal, Inc., Des Plaines, Illinois . 
Eichrom Industries, Darien, Illinois 
3M, St. Paul, Minnesota 
Selentec, Atlanta, Georgia 
University of South Carolina 
UOP Molecular Sieves, Mt. Laurel, New Jersey 

For further information, please contact: 

Major T. Thompson 
Principal Investigator 
Savannah River Technology Center 
P.O. Box 616 
Aiken, SC 29802 
(803) 725-2507, fax (803) 725-2756 
E-mail: major.thompson@srs.gov 

TIP Number: SRI 6C342 
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