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FOREWORD 

The Y-12 Plant Remedial Action Technology mic Diagram (TLD) was developed to 
provide a decision-support tool that relates environmental restoration (ER) problems at 
the Y- 12 Plant to potential technologies that can remediate these problems. The TLD uses 
information from the Strategic Roadmqp for the Oak Ridge Reseruation Oak Ridge K-25 
SiteTechnologyLogicDiagrarn, OakRidgeNationalLuboratoy TechmbgyLogicDiagram, 
and a previous Hanford TLD. 

The TLD identifies the research, development, demonstration, testing, and evaluation 
needed for sufficient development of these technologies to allow for technology transfer 
and application to remedial action IRA) activities. It is essential that follow-on engineering 
studies be conducted to build on the output of this project. These studies will begin by 
selecting the most promising technologies identified in the TLD and frnding an optimum 
mix of technologies that will provide a socially acceptable balance between cost and risk. 

The TLD consists of three fundamentally separate volumes: Vol. 1 (Technology 
EUakmtiod, Vol. 2 (Technow Logic Diagram], and Vol. 3 (Technobgy Goaluation Data 
Sheets). Volume 1 contains an overview of the TLD, an explanation of the program- 
specific responsibilities, a review of identified technologies, and the rankings of remedial 
technologies. Volume 2 contains the logic linkages among environmental management 
goals, environmental problems, and the various technologies that have the potential to 
solve these problems. Volume 3 contains the TLD data sheets. 

Volume 1 has been divided into six chapters. The first chapter is an introduction, 
which defines problems specific to the ER Program for the Y-12 Plant. Chapter 2 provides 
a general overview of the TLD. Chapters 3 through 5 are organized into necessary 
subelement categories: characterization, R& and robotics and automation. The fmal 
chapter contains regulatory compliance information concerning RA. 

The technology evaluations contained in these volumes are based on the best 
information available during compilation of the TLD. New or more accurate information 
is solicited to improve the TLD data base. Please send comments to R L. Fellows, Editor, 
Y-12 Plant Remedial Action Technohgy Logic Diagram, Martin Marietta Energy Systems, 
Inc., P.O. Box 2003, Oak Ridge, TN 37831-7274. FAX (615-!3’6-8558]. 
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DYNAMIC COMPACTION REMA-1 -0Z 

EM Problem: Remedial action 

Y-12 Plant Problem: Buried waste 

Problem Area/Constituents: Low-level waste, metals, organics, mixed waste 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation (ORR), radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-specinc 
characteristics are provided for each technology, specinc regulatory requirements will be 
specified. 

Subelements: Containment/isolation 

Alternative: Structural stabilization 

Technology: Dynamic compaction. Void volume measurements from several WAG-6 
trenches at the Oak Ridge National Laboratory indicate that low-level solid waste occupies 
up to 30% of the trench volume. From 25Oh to 50% of the waste volume is encapsulated 
within containers (e.g., plastic bags, wooden crates, cardboard boxes). The long-term integrity 
of multilayer caps to intercept surface water is strongly linked to the subsidence 
characteristics of the waste. Deep dynamic compaction (DDC) is a well-proven technology 
which can effectively stabilize a wide range of waste forms (e.g., B-25 boxes, plastic bags, 
cardboard, steel drums). The pounding not only stabilizes the waste but also produces 
instantaneous data on the effectiveness of the compaction (i.e., quality control is established 
on a crater-by-crater basis). Dynamic compaction is most effective for low-level waste buried 
within 30 ft of the surface. - 

There are environmental risks related to collapse and release of fluid-filled drums. If 
ground-water transport is present and many fluid filled drums exist, then dynamic 
compaction is not a good choice. Dynamic compaction is more appropriate for situations 
where surface water transport is the primary mechanism of waste migration, and closure will 
eliminate surface water by capping SLBS. If liquid-filled drums are ruptured, leachate 
collection from shallow wells can be incorporated easily into the dynamic compaction 
program. If the design life of closure encompasses a time fiame that would allow the natural 
deterioration of drums and other containers, fluids would be released in a haphazard and 
uncontrolled manner. It may be more acceptable to rupture the drums, release their contents, 
and actively collect the leachate. 

Dynamic compaction is not an effective treatment for biological waste because of long-term 
subsidence induced by biodegradation. 

Status: DDC was successfully used to compact a =-acre low-level waste site at the 
Savannah River Plant. Sixteen feet of miscellaneous low-level waste was reduced to a 6-ft 
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DYNAMIC COMPACTION REMA-1-OZ 

thickness. Internal waste stability was increased five-fold. Worker exposure was minimal, 
because all work was conducted &om the surface, with the nearest worker (crane operator] 
being about 30 ft ftom the weight-drop point. Tamper penetration of waste was greatly 
reduced by placement of surface fill and control of drop height (about 50 ft]. Health Physics 
issues were greatly simplified, because the bottom of the steel plate tamper was the only 
construction equipment that was likely to ever contact the waste. Tamper replacement cost 
was low ($5K). During the year of work at the Savannah River Plant, only one tamper was 
decommissioned because of contamination issues. Dust control easily accomplished by 
wetting ground near drop point. 

Science/Technology Needs DDC has been tried at the Oak Ridge National Laboratory to 
compact waste in the trenches of WAG 6. Because of equipment limitations (60-ton crane, 
23-ft lift height for 4.4-ton tamper), inconclusive results were obtalned. Additional trial field 
tests should be performed on WAG-6 trenches and the information, evaluated for applicability 
to Y-12 sites. 

Implementation Needs DDC is the least costly of all ground/waste stabilization techniques. 
For the Savannah River Plant trenches, the cost was approximately $1.50 per ft? of trench 
stabilized. For the &ft diameter tamper and a waste depth of 20 ft, this cost data is 
equivalent to $2 per yd3 of waste stabilized. 

Equipment needs: 
- Lampson LDC-350 dynamic compactor 
- 20-ton steel plate tamper 
- Velocitygun 
- Laser surveying level - Dozer and pans used to import and spread fill 
Financial needs: $0.5M to compact 20 WAG-6 trenches - 

Author: Joe Kauschinger/404992-3538 

References: 

1. Davis, E. C., Spalding B. P., Lee, S. Y., Hyder, L. K., Test Area for Remedial Actions 
(TARA) Site Chamcterization and Dynamic Compaction of Low-Level Radiouctive Waste 
TrenchesN1988PrtgressReport, ORNL/RAp/LTR-88, MartinMariettaEnergy Systems, 
Inc., Environmental Restoration Division, Oak Ridge, Tenn., January 1989. 

2. Lukas, R G. and C. Schexnayder, “Dynamic Compaction of Nuclear Waste Deposits,” pp. 
440-447, Stabllizacion and Sdidi_Ecation of Hauudous, lh%oactive, and Mixed Wastes, 
2nd Volume, As?M SIP 1 123, ed. T. M. Gilliam and C. C. Wiles, American Society for 
Testing and Materials, Philadelphia, Pa., 1992. 

3. Kauschinger, J. L., Goaluatro . nofn~hCharacter i s t icsandFeas ib~ofStabi l i z ingLo~ 
Level Buried Waste Disposed in Solid Waste Storage Area 6 (SWSA 6). prepared for 
Martin Marietta Energy Systems, Oak Ridge, Tenn., to be published. 
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IN SITU CHEMICAL GROUTING REMA-2-OZ 

EM Problem: Remedial action 
I 

Y-12 Plant Problem: Buried waste 

problem Area/Constituemts: Low-level waste, organics, metals, mixed 

Reference Reqdmments: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resemation (ORR), radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-specific 
characteristics are provided for each technolo@, speciAc regulatory requirements will be 
specfled. 

Subelement: Treatment 

Alternative: Fixation 

Teichnology: In situ chemical grouting 

Status Demonstration. A limited amount of information related to chemical grouting of 
low-level buried waste is available. Polyacrylamide grouting demonstrations performed at 
ORNL WAG 6 on a limited number of trenches produced a stabile waste (increased 
penetration resistance) with overall reduction in hydraulic conductivity. However, for 25% of 
the measured population, hydraulic conductivity could be considered the same as the 
untreated waste. 

Void volume measurements performed on several WAG-6 trenches (TARA I) indicate that from 
25% to 5046 of the waste has been disposed inside Containers which arenot water-accessible. 
Therefore, it would be reasonable to presume that water-based grouts would not penetrate 
the containers. If containers collapse, over time, open voids would be created in the poorly 
stabilized waste, thus increasing hydraulic conductivity with time. 

There are environmental risks related to drilling through the buried waste, especially if 
liquid-filled drums are pierced and their contents are spilled. Although grout/waste 
compatibility studies can be performed using trench leachate, there are no assurances that 
fluid inside containers contatns material detrimental to the grout. Uncured grout would 
substantially increase the volume of waste that resides within the trench. 

Worker exposure to contamination is a moderate risk, because most conventional grouting 
is performed vertically and requires drilling/grouting to be performed over the waste. 

Conventional low-pressure grouting is low-cost and would be approximately $60-$80/yd3 of 
waste stabilized (Le., 30% void space within waste). 

For a large grouting program (500 trenches), waste chemistry can be very variable, with the 
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IN SITU CHEMICAL GROUTING REMA-2-0Z 

degree of waste containerization &om none to high. Conventional, low-pressure particulate 
grout is not robust enough to assure a high degree of success in stabilizing and immobilizing 
buried waste. Conventional chemical grouting is not recommended as a technology for solving 
the DOE buried waste problem. 

Sdence/Technology Needs: A major technical issue related to the closure of Oak Ridge 
Reservation buried waste sites, concern the stability and hydraulic conductivity of buried 
wastes. Even if a cap eliminates the surface water as a transport mechanism, the 
ground-water transport of mobile waste may still be a long-term driving force. Ground-water 
flow models have met with mixed results in predicting the flow regimes at the trench level. 
The geohydrology of ORR is extremely complicated, and numerical studies may not produce 
reliable answers. 

Grout/waste compatibility testing must continue to be sponsored to develop a catalogue of 
grout formulations which are robust enough to cure in an environment of widely varying 
waste chemistry. 

The need exists to develop a grout delivery system which is robust. It would have the ability 
to rupture awide variety of containers, to effectively mix the grout with the waste, and to cure 
to a solid waste with relatively high strength and low hydraulic conductivity. The stabilization 
method should have multiple lines of defense so that, if the grout did not cure or was not 
homogeneously mixed, a back-up system would be available. 

Implementation Needs: A laboratory study to examine grout waste compatibility issues is 
needed. 

Author: Joe Kauschinger/404-992-3538 

References: 

1. Davis, E. C., et. al., ORNL Solid Waste Storage Area 6 lkench Photos and Geokgic 
Descriptions: J@ 1984 Through September 1985, ORNL/TM-9874, Martin Marietta 
Energy Systems, Inc., Environmental Sciences Division, Oak Ridge National Laboratory, 
Oak Ridge, Tenn., March 1986. 

2. Spalding, B. P. and T. A. Fontaine, “Field Demonstration of In Situ Grouting of 
Radioactive Solid Waste BuridlTrenches with Polyacrylamide.” pp. 415-425, StabilizQtion 
and Soridifiryltinn of Hauudous, Radioactive, and Mixed Wastes, 2nd Volume, ASlM 
S P  1123, American Society for Testing and Materials, Philadelphia, Pa., 1992. 
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IN SITU PARTICULATE GROUTING REMA-3-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Buried waste 

Roblem Area/Constituents: Low-level waste, organics, metals, mixed waste 

Reference Requiremen- Refer to the final chapter of Vol. 1 for potentially applicable 
proposed and promulgated environmental laws, signed and pending agreements for the Oak 
Ridge Reservation (Om, radiation protection standards, Department of Energy (DOE) 
Orders, and nonregulatory guidance. As site- and waste-spednc characteristics are provided 
for each technology, specific regulatory requirements will be specaed. 

Subelement: Treatment 

Alternative: -tion 

Technology: In situ particulate grouting 

Status: Demonstration. Particulate-based grouting is accomplished using a selection of 
cementing agents, and bulking agents have been used to chemically fix and solidify a variety 
of waste streams (including soils). This technology uses inorganic reagents that react among 
themselves to form chemically and mechanically stable solids based on reactions between the 
fine-particulate cement, binders, and catalysts and sometimes the waste form itself. Generic 
processes that have been used in particulate-based grouting include the following: Portland 
cement, Portland cement/lime, Portland cement/% ash, lime/fly ash, bne/clay, lime-kiln 
dust., and gypsum-based processes. Grouting using particulate-based grout can be conducted 
on an in situ and ex situ basis. However, for true in situ grouting without mechanical mixing 
processes, microfine cements are preferred, as the fine-grain characteristics of these grouts 
offer better penetrating capacity and generally fiFl small void volumes in the soil structure 
better than conventional Portland cements. The microfine cements have grain-size 
distributions (50% by weight) or 5pm compared to e20pm for Portland cements. 

Environmental risks related to driIung through the buried waste exist, especially if 
liquid-filled drums are pierced and their contents are spilled. Although grout/waste 
CompatibiliQ studies can be performed using trench leachate, there are no assurances that 
the fluid inside the containers contains material detrimental to the grout. Uncured grout 
would substantially increase the volume of waste that resides within the trench. 

Worker exposure to contamination is a moderate risk, because most conventional grouting 
is performed vertically and requires drilling/grouting to be performed over the waste. 

For a large grouting program (500 trenches) where waste chemistry can be very variable (the 
degree of waste containerization from none to high), conventional low-pressure particulate 
grout is not robust enough to ensure a high degree of success to stabilize and immobilize 
buried waste. Conventional particulate grouting is not recommended as a technology for 
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IN SITU PARTICULATE GROUTING REMA-3-OZ 

solving the DOE buried waste problem. 

sCience/Technology Needs: A major technical issue related to the closure of buried waste 
trenches involves the stability and hydraulic conductivity of inundated biological waste 
trenches. Even if a cap eliminates surface water as a transport mechanism, it appears that 
the ground-water transport of mobile waste still may be a long-term driving force. 
Ground-water flow models have met with mixed results for predicting the flow regimes at the 
trench level. The geohydrology of ORR is extremely complicated, and numerical studies may 
not produce reliable answers. 

Grout/waste compatibility testing must continue to be sponsored to develop a catalogue of 
grout formulations which are robust enough to cure in an environment of widely varying 
waste chemistry. 

The need exists to develop a grout delivery system which is robust. It would have the ability 
to rupture awide variety of containers, to effectively xnh the grout with the waste, and to cure 
to a solid waste with relatively high strength and low hydraulic conductivity. The stabilization 
method should have multiple lines of defense so that, if the grout did not cure or was not 
homogeneously mixed, a back-up system would be available. 

Implementation Needs: Conventional low-pressure grouting is low-cost and would be 
approximately $40 to $60/yds of waste stabillzed (i.e., 30% void space within waste). A 
laboratoxy study to examine grout waste compatibility issues is needed. Samples of biological 
waste fiom WAG-6 trenches would be candidates for such a study. Cost for a laboratory 
study is expected to be $O.lM. 

Author: Joe KaUschinger/404992-3538 

References: 

1. Davis, E. C., et al, 0- Solid Waste Storage Area 6 Trench Photos and Geologic 
Descriptions: July 1984 Throrrgh September 1985, ORm/TM-9874, Martin Marietta 
Energy Systems, Inc., Environmental Sciences Division, March 1986. 

2. Tamura., T., et al, In Situ Grouting of an ORNL I&rwh Using a Particulate -15pe Grout, 
ORNL/RAP-23, Oak Ridge National Laboratory, Oak Ridge, Tenn., 1987. 

3. F'rancis, C. W., et al, In Situ Gm~tting of Low-Level Bw-iul Trenches with a Cement-Based 
Grout at Oak Ridge National Luborabry, ORNL/TM-11839, Oak Ridge National 
Laboratory, Oak Ridge, Tenn., 1991. 

4. Francis, C. W. and B. P. Spalding, In Situ Grouting oflow-levet Burial Trenches with a 
Cement-Based Grot&, proceedings of the ER '91 Conference held at Pasco, Wash., 
September 199 1. 
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BOREHOLE MINING (SUPER SOIL STABILIZATION 
MANAGEMENT) REMA-4-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Buried waste 

problem Area/ConstituePts: Low-level waste, metals, organics, mixed waste 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation (ORR) , radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-specific 
characteristics are provided for each technology, speciflc regulatory requirements will be 
specified. 

Subelement: Retrieval 

Alternative: Excavation 

Technology: Borehole mining (super soil stabilization) (SSS) management. The SSS 
management process involves drilling a small hole (75 mm) into a zone containing pollutants 
and surgical removal of the plume by water cutting and air-lifting jets to mine out 
contaminated soil. A circular hole is stabilized using natural mud or injected slufiy 
(biopolymer or drilling mud). Cavities typically range &om 1 to 3 m in diameter. After soil is 
cut, drill rods are lowered to the bottom of the hole, and the size of the cavity is measured 
using a sonic transducer. If the size of the cavity fulfills the design requirement, then the hole 
is filled with cement-based grout. Alternately, washed soil can be reinjected into the open 
cavities created in the ground during the water-cutting process. 

Estimated excavation rates vary from 25 to 50 yd' of soil per hour. Rates include dxiIling and 
jetting activities for a depth of about 25 f t  and a soil column of about 10 ft high and 6.5 f t  in 
diameter (i.e., a 6.5-ft-diam cavity created at a depth of 15-25 ft). The estimated cost of 
removal and reinjection (no soil washing costs are included) is about $50/yd3 of soil 
excavated. All excavated soil is beneath the water table. 

- 

The major advantage of borehole mining is related to the removal of contamination beneath 
the structures without compromising foundation support. One disadvantage is the creation 
of secondary waste and increase of the waste volume needing treatment. Note that this is a 
process to retrieve waste for treatment. 

Status: Demonstration. Water cutting/grouting technology was developed in Japan during 
the early 1980's. O r i m ,  it was used for stabilization of soil by grouting. More recently in 
Germany, it has been applied to borehole mining of phenol-contaminated soil from beneath 
a large warehouse. About one-third of the site had phenol concentrations above 
10,000 mg/kg of soil. Borehole mining and soil washing successfidly restored the site. 

September 1994 
Remedial Action 



BOREHOLE MINING (SUPER SOIL STABILIZATION 
MANAGEMENT) REMA4OZ 

Sdence/Technology Needs: Borehole mining technology is based on off-the-shelf 
equipment. The need exists to perform a full-scale cold test to quantify operational problems 
such as: techniques to control cuttings brought to the surface and to minimize waste 
generation and reuse of contaminated drilling/cutting water, reinjection of washed soil, and 
decontamination of equipment before moving to another borehole. Cold testing also will allow 
VeIification of the accuracy of a sonic transducer to measure the cavity. A cold test would 
involve formation of a bottom seal with vertical sidewalls to create an underground vault. 

Implementation Needs: Uncontaminated area in the field is needed to conduct a 
demonstration. A 10-month demonstration is expected to cost $0.5M. 

Authoz Joe Kauschinger/404-992-3538 
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IN SITU SOLIDIFICATION REMA-5-OZ 

EM Problem: Remedial action 

Y-12 Plant Problem: Buried waste 

Problem Area/Constitue!n~ Low-level waste, metals, organics, mixed waste 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation (Om, radiation protection standards, Department 
of Energy (DOE) Orders, and nonregdatory guidance. As site- and waste-specific 
characteristics are provided for each technology, specific regulatory requirements will be 
specmed. 

Subelement: Containment/isolation 

Alternative: Structural stabilization 

TechnoloS In situ solidification 

Status: Demonstration. The &st in situ soil Solidification test program was conducted in 
April 1988 under the U.S. Environmental Protection Agency's (EPA's) SITE Program. The test 
site was a General Electric Corporation service shop in Hialeah, Florida, which was 
contaminated with polychlorinated biphenyls (PCBs) . Maximum concentration of PCBs in soil 
was 950 mg/kg (Aroclor 1260 PCB) within the top 18 ft of soil. The soil solidification process 
was to evaluate the effectiveness of International Waste Technologies 0 proprietary grout 
fornulation (HWT-20, cement-rganic clay-based grout) and deep soil mixing as a delivery 
system. Two test sections, each about 10 x 20 x 18 deep were used for the evaluation. 
Toxicity Characteristic Leaching Procedure analyses indicated that the grout had immobilized 
PCBs in solimed soil down to the detection limit of the analytical equipment used (1 pg/L 
PCB). Cost of grout material was $350/ton (bulk delivery). 

Full-scale production work at the General Electric site indicated hard, solidified, grouted 
waste in the zones where the deep soil mixing augers could penetrate and inject grout. The 
HWT-20 grout is an effective chemical for solidification and immobilization of PBCs. However, 
in the deep sections of the site (504 maximum), problems arose with the mixing augers 
penetrating below 35 ft. The general soil profile at the General Electric site is a 
medium-compact sand with near-surface ground water. The inability to drill the augers below 
35 ft is related to the output horsepower of the hydraulic power pack which drives the 4 
3-ft-diam augers. Maximum output is 50,000 ft-lb. A possible remedy to this situation would 
be to use a single- or double- auger system to drill and inject grout to the 5 0 4  depth. 

Estimated cost of treatment for the PCB soil was approximately $150/yd3 of soil treated. 

Other drawbacks related to the deep soil mixing process are related to: the large-size 
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equipment needed for the four-auger system (Manitowac 250-ton crane); the inability to drill 
through obstructions, timbers, and boulders; and the ability to perform only vertical 
injection. 

DOE presently is conducting in situ soliditlcation tests at the X-23 1 B site at the Portsmouth 
Gaseous Diffusion Plant (PO=) in southern Ohio. Data from the test site are still being 
processed and evaluated. 

sdence/Technology Needs: Current studies indicate that the soil mMng process is an 
effective method for injection of stabilizing chemicals. However, the four-auger deep soil 
mixfng process is questionable for depths below 35 ft in medium-compact sands. 

Implementation Needs: Current research is being conducted. Support should be provided 
for cunrent research to finish the evaluation and publication of results. Additional field 
studies may not be appropriate until PORTS data are available for peer review. 

Authox Joe Kauschinger/404992-3538 
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EM Pmblm Remedial action 

Y-12 Plant Problem: Buried waste 

Problem Area/Constituents: Low-level waste, organics, metals, mixed waste 

Reference RequiremeatS: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation (Om, radiation protection standards, Department 
of Energy (DOE) Orders, and norregulatory guidance. As site- and waste-spedfic 
characteristics are provided for each technology, specific regulatory requirements will be 
specified. 

Subelement: Treatment 

Alternative: Physical/chemical separation 

Technology: Soil washing 

Status: Accepted. Soil washing is available and has been used as a remedial action for 
contaminated soils. It is often used as a size segregation technique with washing of fines from 
coarse soil. Predemonstration, for buried wastes. Conceptually, it is the same as soil washing, 
but buried waste is more heterogeneous. 

The existing data base and prior development have been for soil washing rather than for 
buried waste. Conceptually, some buried waste and contaminants would be amenable to this 
approach. If the contaminant is soluble and the contaminated surfaces are accessible 
(removed fkom bags and containers), it may be possible to decontaminate the bulk of such 
buried waste by washing/leaching/extraction. This concept may be proven effective for a 
given scenario, but not necessarily in general. Once the concept has been accepted as 
effective, then details such as e m p w g  bags and containers need to be developed. The most 
difficult part to develop may be proving that the treated waste is clean. The whole point of 
this treatment is to cleanse the bulk of the waste of contamination. A technique must be 
developed to assure that the treated waste is truly free of contamination. Without such 
assurance, the treated waste will be disposed as if it were still contaminated, even if it is not. 
Finally, the wash water/leachate/extract is a secondary waste. Cleaning and recycling of this 
secondary waste stream must also be developed if the concept proves to have merit. 

Sdence/Technology Needs: The need exists to prove first that buried waste can really be 
cleaned by such an approach in the laboratory. The technique has proven dective in soil 
washing, but the chemical and physical characteristics of buried waste may be too different 
from contaminated soil for this approach also to work on buried waste. Of course, the 
technique should be quite acceptable, as already developed, for treating contaminated backfill 
and soil surrounding buried waste. After proving that the concept is useful, then details such 
as removing waste from bags and containers need to be developed before field testing. To 
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claim any benefits fiom this treatment, a positive test for the cleaned waste must be 
developed. In addition, a treatment cycle must be developed for the secondary waste stream 
to recycle the wash water/leachant/extractant and concentrate and to dispose the removed 
contaminants. 

Rawe’ included the following insights on soil washing: 

“Soil washing is basically a volume reduction technology that uses wash water to 
separate contaminated soil into two fractions: a large fraction of relatively clean, coarse 
soil and a smaller fraction of fhe  soil/sludge containing the concentrated 
contaminants.” 
“Hydrophobic contaminants can be difilcult to separate from soil particles into the 
aqueous washing fluid.” 
“Complex mixtures of contaminants in the soil, such as a mixture of metals, nonvolatile 
organics, semivolatile organics, etc., make it difficult to formulate a single suitable 
washing fluid that will remove all the different types of contaminants from the soil.” 
“A high percentage of clay and silt (e.g., >30-50%) in the soil usually indicates that soil 
washing will be unfavorable due to the amount of time and money required to treat this 
volume of contaminated soil.” 
“Chelating agents, surfactants, solvents, and other additives are often difllcult and 
expensive to recover from the spent washing fluid and then recycle in the soils washing 
process.” 
Identification of the contaminants is important. Volatile organics may require removal 
in a pretreatment step or treatment of air emissions. Solubilities of contaminants is 
important in deciding whether wash solution additives are needed. Metal speciation is 
important in metal solubility. 
Particle size distribution of the soil and chemical analysis of the contaminants are 
important characterization data for soil washing. 
The treatment and disposal of contaminated residuals canbe a major expense. 
“As a rough estimate, remedy design field tests could be expected to range fiom as low 
as $100,000 up to $500,000 (1989 costs) or more.” 
‘There are no full-scale washing operations idenwied in use at Superfund sites at the 
present time.” (1 99 1 report) 
Costs for a German (Harbauer GmbH) full-scale soil washing facility follow: capital 
cost--$6,000,000 (1986 dollars) for a 15 to 20 ton/h facility; O&M costs-$15O/ton soil 
including water treatment; sludge disposal costs-about $50/ton soil. 
Processing costs for other European soil washing operations less complex than 
Harbauer: $73 to $110/ ton soil. 

Implementation Needs: Soil washing equipment already exists that can be brought on site. 
Doubtless, modifications will have to made to handle buried waste and the secondary waste 
stream. A policy needs to be established about disposition of the cleaned buried waste (i.e., 
the treated waste must no longer be handled and disposed as contaminated for any benefits 
for this treatment to exist), and a positive characterization technique needs to be developed 
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to assess the cleanliness of the treated buried waste (i.e., quality assurance/quality control 
for the treatment). 

TmovsQ, et aL2 estimated the present worth from the estimated capital and operating and 
management costs for several remedial action alternatives at the Petroleum Products 
Corporation Superfund Site in Pembroke Park, Broward County, Florida. They estimated the 
unit cost of soil washing to be $50 to $65/ton of soil and the unit cost for 
solidification/stabilization (S/S) to be $100 to $120/yds. For this article, soil washing was 
being used as a pretreatment to S/S and resulted in significant cost savings by decreasing 
the volume of soil that needed to be stabilized. The suitability of using S/S for organic 
contamination was not addressed in this article. The cost estimate for S/S was based on an 
industry quotation for processing similar wastes. S/S  has been used for remediation of 
Superfund sites containing organic contamination, despite the controversy surrounding its 
suitability for Resource Conservation and Recovery Act wastes contaminated with organics. 
Despite the suitability of S/S, the article makes a valid point that soil washing can be used 
as a pretreatment to reduce the costs of f& treatment, but it is not generally a Bnal 
treatment by itself. 

Author: Roger D. Spence/615-574-6782 
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EM Rob- Remedial action 

Y-12 Plant Problem: Buried waste 

problemArea/constituents: Organics 

Reference Requiremmts: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation (ORR) , radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-specific 
characteristics are provided for each technology, specific regulatory requirements will be 
specified. 

Subelement: Treatment 

Alternative: Destruction 

Technolow Low-temperature ashing 

Status: Predemonstratton for the US. Air Force (USAF), who is developing the technology 
to treat plastic media blasting waste. Low-temperature ashing reduces the volume of waste 
before final treatment with another technology, such as solidification/stabilization (S /S ) ,  by 
heating the waste to relatively low temperatures (400-600°C]. This is a much lower 
temperature than that required for Resource Conservation and Recovery Act (RCRA) or Toxic 
Substances Control Act incineration or for vitrification, providing for potentially better 
control of semivolatile contaminants. Organic materials, such as plastic or paper, either 
pyrolyze or combust (depending on oxygen conditions) at these temperatures. Contaminants 
such as RCRA metals or uranium will be left in the ash (bottom or fly) residue. These 
contaminants then can be recovered from the ash and recycled or treated for disposal, for 
example, by S/S. The contaminants in the off-gas must be trapped and combined with 
bottom ash before W treatment. It may be possible to treat volatiles, such as mercury or 
iodine, by including the proper off-gas treatment steps. 

This technique was conceived and developed at Oak Ridge National Laboratory ( O m )  for the 
USAF to reduce the volume of plastic media blasting waste requiring RCRA disposal. Soft 
plastic media used by the USAF for paint stripping did not damage the metal skin of their 
aircraft as a more abrasive blasting media would. The plastic media is recycled about ten 
times before it is reduced to an unusable powder that must be separated from the useable 
plastic media and disposed. This plastic waste also contains the pulverized paint, The RCRA 
metals in some of the paint pigments lead to this waste being characteristically hazardous, 
currently requiring that the plastic waste be disposed as RCRA waste. Low-temperature 
ashing leads to a >9@! volume reduction of this waste. The resulting ash then can be 
disposed as a RCRA waste or treated by S/S to be noncharacteristically hazardous. A simple 
thermogravimetric analysis of this plastic waste demonstrated the large mass reduction 
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possible at low temperatures and proved the feasibility of this concept. Details, such as 
recovery of contaminants from the off-gas, are still being developed, but the USAF is 
proceeding with a pilot-scale operation using this technology. 

Much buried waste is paper, plastic, and similar combustibles. Such buried waste is 
amenable to this volume-reducing technology. Even nonvolatile contaminants will 
unavoidably end up in the off-gas on the fly ash, so off-gas treatment must be developed for 
expected contaminants. particulate collection devices will capture the fly ash and most of the 
contaminants, but volatiles such as mercury or iodine will present a special challenge. This 
technology is not final treatment, as the ash and off-gas must be treated, but it can 
significantly reduce the volume and cost of treatment, if combustibles comprise a significant 
hc t ion  of the buried waste. 

Sdence/Technology Needs The need exists to develop adequate removal of contaminants 
from the off-gas and recombination with the bottom ash for final treatment. The need exists 
to demonstrate that the volume of buried waste can be reduced by low-temperature heating, 
just as it was for the PMB waste. So far, this approach is a concept only tested in the 
laboratory, but without off-gas treatment. The USAF is proceeding with a pilot-scale process. 

Implementation Needs. Equipment for handling and heating reasonably-sized buried waste 
can be readily acquired and installed. Waste will have to be removed from metal containers; 
but, conceptually, plastic bags can be loaded onto the waste handler (conveyor belt, etc.) as 
is. A final treatment must be developed for the bottom ash and the residue from cleaning the 
off-gas. 

Authox Roger D. Spence/615-5746782 
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EM Problem: Remedial action 

Y-12 Plant Problem: Buried waste 

Problem Area/Constituents Low-level waste, organics, metals 

Refbrence Requirements Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation ( O W ,  radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-specific 
characteristics are provided for each technology, specific regulatory requirements will be 
specified. 

Subelement: Treatment 

Alternative: Physical separation 

Technology: Gravity sorting. The goal of this concept is to achieve physical separation of 
solid waste and debris to segregate items of similar contamination or which are suitable for 
similar follow-up processing (such as repackaging or treatment). Conceptually, paper, plastic 
shoe covers, and other, similar, light items can be segregated fkom metal objects, 
construction debris, and other, similar, heavy objects by agitation or flotation (Le., use of air 
bubbles) in a liquid, presumably aqueous. Size segregation and density separation are 
possible. Many such industrial applications could be cited, but applications for the present 
topic could not be cited. The recovered buried waste would have to be separable and fkee of 
containers. In other words, plastic bags, drums, and boxes would be emptied and their 
contents segregated in this process. For example, such a process may segregate matexials 
suitable for combustion or incineration from incombustibles. One obvious problem is that the 
liquid will become contaminated and require treatment. This can be especially troublesome 
for soluble contaminants. The process may act as a washing/leaching/extraction process in 
addition b density separation. In some cases, such a combination may be desirable. 

Status Demonstration. The technology is commonly used in industry and mining, but not 
necessarily used or accepted as a waste remedial action. 

Science/Technology Needs: Modiftation of technology for handling low-level waste is 
needed. 

Implementation Needs: Demonstration at field level. 

Author. Roger D. Spence/615-5746782 
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EM Roblem: Remedial action 

Y-12 Plant Problem: Buried waste 

Problem Area/Constituents Low-level waste, organics, metals, mixed waste 

Reference Reqyhments Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resenration ( O W ,  radiation protection standards, Department 
of Enera (DOE) Orders, and nonregulatory guidance. As site- and waste-spec& 
characteristics are provided for each technology, specific regulatory requirements will be 
specified. 

Subelement: Treatment 

Alternative: Fixation 

Technology: Cementitious solidification 

Status: Accepted for Resource Conservation and Recovev Act metals, Comprehensive 
Environmental Response, Compensation, and Liability Act remediation, and low-level 
radioactive waste. S/S is one of the most widely used techniques for the treatment and 
ultimate disposal of hazardous wastes and low-level radioactive wastes. Cementitious 
materials are the predominant materials of choice because of their low associated processing 
costs, compatibility with a wide variety of disposal scenarios, and ability to meet stringent 
processing and performance requirements. Cementitious materials include cement, ground 
granulated blast furnace slag, fly ash, lime, and silica fume. Various clays and additives are 
used to help immobilize contaminants or otherwise enhance _the waste form properties. 
Soluble constituents in the waste chemically interact with the cementitious materials to form 
low-solubility products at the high pH and the Eh prevailing in the waste form. These 
interactions usually affect the cementitious hardening and properties to some degree. Testing 
with a specific waste or waste stream is required to tailor the formulation to the desired 
properties. SUmcient attention must be given to characterizing the waste, to developing the 
formulation to treat the waste, and to implementing this formulation in the field to assure 
correct mWng of the formulation. Adding these dry ingredients inevitably increases the 
volume of the waste treated, which can add significantly to lifetime disposal costs. The 
volume decrease claimed by techniques such as thermoplastic encapsulation, come fiom 
evaporation of the water and encapsulation of the solids. The same evaporation pretreatment 
could be used with cementitious solidification/stabilization (S/S) to obtain a net volume 
decrease, but some of the simplicity of the cementitious S/S would be lost. Cementitious 
waste fonns are porous, making them more leachable than polymeric or glass waste forms. 
The key has been controlling this leachability (by pH, Eh, and/or absorbents) within 
satisfactory limits for a simpler and cheaper treatment. 

For relatively inert materials such as rubble or scrap metal, cementitious materials are ideal 
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for macroencapsulation. Encapsulated ion-exchange resins can lead to breakdown of the 
solid matrix because of the volume changes that result from wetting and dxying of the resin. 
Proper formulation and pretreatment of the resin has succeeded in overcoming this problem 
for encapsulated resins. 

The costs for cementitious waste forms from Dole and Trauger (1983) and Kessler et al. 
(1984) are $0.05-$0.15/waste gal for materials cost and $0.10-$0.50/waste gal total disposal 
cost (including material, capital, and operating costs). At the other end of the spectrum, 
Myrick et al. (1992) had a total estimated project cost of $115/gal concentrated liquid 
low-level waste for solirufvinrr 47,000 gal of waste. This cost is unusually high for S/S, even 
for such a small quantity of waste. The cost of an aluminosilicate stabilization was estimated 
by Bates et al. (1992) at $190-$360/yd3 ($0.90-$1.?8/gal) to treat 15,000 yd3 of a SITE 
demonstration waste. 

In making a case for vitrification of low-level wastes, Gimpel and Diggs have made economic 
assessments and published several papers together or separately, either claiming that the 
costs for Vitriacation are comparable with that of S/S or that the costs for making the glass 
waste forms is higher, but the total life cycle costs (including disposal costs and monitoring 
costs for 100 years after disposal) are comparable between the two options because of the 
higher volumes that must be disposed and monitored from S/S. They estimate the direct 
costs to be $90-$220/m3 ($0.34-$0.83/gal) for S/S and $400/m3 ($1.51/gal) for vitrification, 
but total costs (including disposal) at $l186-$2090/m3 ($4.49-$7.91/gal) and 
$922-$1500/m3 ($3.49-$5.52/gal), respectively. The assumptions made regarding S/S 
appear reasonable but are more questionable regarding viWication. However, the authors 
make avalid point that most cost estimates are the direct costs of making the wastes and do 
not include disposal costs. The cost deficit from increasing the waste volume should be 
estimated for S/S or the cost benefit should be estimated from the volume decrease for 
vitrification. - 

The disposal costs estimated in a progress report to the Savannah River Laboratory (1989) 
ranged &om $14.lO/ft? to $47.50/ft?. Estimated total costs depend on the assumptions made 
for direct costs of making the waste form and the assumptions made for disposal costs, 
including Dnal waste form volume compared to initial waste volume. 

Jacobs et al. (1984) estimated the costs for treatment (including transportation and burial) 
of 12,700 ft3/y for 30 yd of concentrated BWR waste for the following options: 

Cxystallization followed by S / S  $37.00/@, $4.95/gdl 
Drying followed by S/S $28.93@; $3.87/gal 
Evaporation followed by encapsulation in asphalt: $35.20/ft?; $4.71/gal 
m g  followed by encapsulation in DOW binder (VES): $24.60/fts; $3.29/gal 
Evaporation followed by S/S: $89.2 l/ft3; $1 1.93/gal 

Sdence/Technology Needs: Better understanding of the immobilization mechanisms and 
the chemistry of these waste forms can lead to improved performance and better predictions 
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about the durability of these waste forms. This technique is currently in wide-scale use. 

Ixnpleme!n)ntfnn Needs: Formulations need to be developed, or at least tested, for the 
specific wastes intended for treatment. Proper implementation is necessary to ensure that the 
waste form tested in the laboratory represents what will be produced in the field. This means 
having the equipment and expertise necessary to properly blend and mix these solid 
constituents and managing the operation properly so that the right formulation is mixed. 

Authoz Roger D. Spence/615-5746782 
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EM Problem: Remedial action 

Y-12 Plant Problem: Buried waste 

Problem Area/Constituents: Low-level waste, organics, metals, mixed waste 

Rederenee Requirementsx Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resenration ( O W ,  radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-spedfic 
characteristics are provided for each technology, specffic regulatory requirements will be 
specified. 

Subelement: Retrieval 

Alternative: Fhcavation 

Technology: Solidify and mine (freeze and mine). The goal of this concept is to freeze or 
immobilize buried waste and contaminants in place and then excavate. The benefits might 
be reduced personnel exposure and better control of mobile species (e.g., volatile organic 
compounds). It remains to be determined whether the benefits outweigh the extra cost of 
applying an isolation technology in addition to retrieval. The structural stability provided by 
freezing the area may allow selective retrieval of buried waste by mining or tunneling. 
Cryogenic freezing is an established isolation technology, and its status and costs should be 
the same as in the Technology Logic Diagram overview for Cryogenics under Isolation. 

Status: Predemonstration. The technology is patented and is being marketed. A 
demonstration for buried waste is under way at the Idaho National Engineering Laboratory. 
Insights by Chatwin (199 1) on freeze and mine follow: 

The concept of freezing soil and buried waste and removing them as a unit is a patented 
technique known as ISOCELL. 
“...the thermal properties of the soil are critical for predicting the hezing of the soil 
block...” 
“ ... dif€erence in moisture content is critical because the arid soil at INEL is typically 
lower in moisture than the Carnation test site.” 
“It is necessary to know the expected moisture content of the soil to be h e n  in order 
to apply this technology.” 
‘The model predicted that it would take 20 days for the initial freeze down. The actual 
time taken for freezing the soil block was 2 1 days.” 
“If the separation units encounter a metal piece that spans two or more extraction blocks 
and the metal piece cannot be sheared, the boundary of the block must be modined to 
enclose or exclude the full metal piece ... If the separation units do not encounter the 
spanning piece of metal, then a more difncult situation is created, where the block is tied 
to earth and its location unknown.” 
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Several questions are posed that must be answered before application of the ISOCELL 
testing program to buried wastes. 

Science/Technology Needs: An evaluation of the technical benefits and the added cost to 
retrieval needs to be assessed. A demonstration needs to be done to illustrate, first, that 
cryogenics can be used for such a purpose, and then, the benefits and costs need to be 
quanwied. 

Implementation Needs: In situ cryogenic freezing technology exists and can be brought to 
a surrogate buried waste site or actual buried waste site for a demonstration or actual buried 
waste retrieval. The benefits of this approach must be demonstrated by retrieving a possible 
airborne contaminant or a troublesome mobile contaminant under controlled conditions. 
Comparison to a standard retrieval operation is preferred. 

Author: Roger D. Spence/615-5746782 
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EM Problem: Remedial action 

Y-12 Plant Problem: sOil/sediments 

Problem Area/Constituents Volatile organic compounds (VOCs) in soil 

Refirence RequtemeatS: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resewation (Om, radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-specific 
characteristics are provided for each technology, specific regulatory requirements will be 
specified. 

Subelemeat: Treatment 

Alternative: Physical separation 

Technology: Vapor extraction with radio fi-equency heating. This technology involves 
remediation of soils contaminated with VOCs using radio-fi-equency-enhanced soil vapor 
extraction. 

Status: Redemonstration. Fxtraction of VOCs from soil can be improved using radio waves 
to heat the soil in situ. This is an enhancement to vapor extraction. Using a grid of drilled 
holes into which radio transmitters are placed, soil can be heated using radio waves in the 
same fkequencies as those approved for hospitals. The VOCs, which volatilize as a result of 
the warmer soil, then can be collected and treated or recycled. A pilot test was performed at 
Volk Field Air National Guard Base, Camp Douglas, Wisconsin’” This test was effective in 
removing VOCs and some semi-VOCs. Hardware for this method already exists commercially. 
Limitations to radio fkequency heating in high-clay soils exist, because the waves do not 
penetrate deeply into the soil. This means that the radio frequency heat is Wicult to apply 
to deep formations (deeper than 1-2 m) without using “down-hole” transmitters. Even then, 
heating- not occur far from the transmitting hole. Costs now are only conjectural, but they 
could be low (c$lOO/ton). Development and demonstration costs could be several million 
dollars. Wastes will result principally from the off-gas treatment system and could consist of 
spent carbon beds. 

Science/Technology Needs: Substantial testing is required, particularly on ORR sites. 
C m n t l y ,  only one research team appears to be working on this approach. Characterization 
of the soils at Y- 12 must determine the frequency needed for optimum recovery. The testing 
needs to include recovery of the toxic materials from the off-gas. Vapor flow paths in complex 
soils like those at the Y-12 Plant can be diffkult to predict or even measure. 

Additional large-scale testing and demonstrations are needed to substantiate the results of 
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the VoIk Field pilot study. This technology may likely be assimilated into other in situ soil 
treatment technologies, especially where radiation and/or worker exposure are acute 
problems. 

hnplementatimr Needs: Acceptable treatment levels are needed. Soil and underground 
structure should be determined to be suitable for release and transport of volatile 
contaminants from the soil. Extensive testing of existing hardware in this application needs 
to be demonstrated. Low costs have been reported ($45/tOn), but the costs probably depend 
on the degree of organic contamination, moisture content, and off-gas cleanup required. 

Author: Jim Wilson/615-576-4413 
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EM Problem: Remedial action 

Y-12 P&nt Problem: Soil/sediments 

Problem Area/C~nstituents: Polychlorinated biphenyls (PCBs), organic compounds 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resenration (Om, radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-specific 
characteristics are provided for each technology, specific regulatory requirements will be 
specified. 

Subelement: Treatment 

Alternative: Destruction 

Technology: Incineration 

Status: Demonstration. Testing was performed at the EPA's Incineration Research Facility 
to establish the feasibility of incinerating wastes contaminated with hazardous materials. The 
contaminants were PCBs, cadmium, chromium, copper, and lead.' The PCB concentration 
was greater than 200,000 mg/kg and the rest were several hundred mg/kg. Tests were run 
at a kiln exit temperature from 824°C to 984OC. Greater than 99.9999% destruction and 
removal efndency was achieved, but the treated wastes still contained PCBs. A major portion 
of the toxic metals were found in the kiln ash. A few commercial firms now offer PCB 
incineration semices.2's The existing incinerator at the K-25 Site should be able to meet the 
conditions, but the incinerator is currently committed to burning liquids. The capacity 
available for treating soils in the future is unknown. 

Costs for incineration can be high. Reported costs range from $lOO/ton to $800/ton. With 
potential traces of radioactivity in the soil (and ash), costs could be higher. Potential wastes 
are the treated soil and solids collected in the off-gas system. If these have no residual toxic 
or radioactive materials, the hazardous waste volume could be small. Several million dollars 
will be needed for development and testing of any new incinerator before approval. 

Sdence/Technology Needs: These results need to be considered with respect to the soil 
chemistry at Y-12. These test incinerations were performed on marine sediment in New 
Bedford Harbor. The test results suggest that incineration could be an effective form of PCB 
remediation. Sediment dewatering before incineration and increased kiln residence time may 
be required. Separations of soil fractions (such as removal of larger particles) may reduce the 
volume of soil to be processed. 

A few large-scale tests have been conducted, and more need to be completed to calculate the 
optimum operation parameters with respect to Y- 12 soil. Reliability of operations to maintain 
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temperature, residence time, and exhaust cleanup must be proven. 

Implementation Needs: An incineration facility with Toxic Substances Control Act and 
Resource Conservation and Recovery Act licensing is needed. Removal efkiencies reported 
for incinerators and achieved in tests must be approved by regulators. Costs have been 
reported &om $lOO/ton to $800/ton? Agreement also should be reached on disposition of 
the residual soils which may contain traces of toxic metals. After incineration, the soil is not 
expected to be agriculturally useful. 

Author. Jim Wilson/615-576-4413 . 
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EM Problem: Remedial action 

Y-12 Plant Problem: Soil/sediments 

Roblem Area/Constituents: Polychlorinated biphenyls (PCBs) 

Refkrence Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation (Ow, radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-specinc 
characteristics are provided for each technology, speclfic regulatory requirements will be 
specified. 

Subelement: Treatment 

Alternative: Physical separation 

Technology: Low-temperature thermal treatment 

Status: Demonstrated. PCBs are not noImally viewed as volatile compounds. However, when 
they are heated 300°F to 600°F, their vapor pressure will be sufficient for effective removal. 
One system demonstrated by Roy F. Weston, Inc.,' used semivolatile organic compounds 
(SVOCs) as well as other compounds, but it is unclear whether any of the SVOCs were PCBs. 
The concentration of SVOCs was decreased, but it was unclear whether the removal levels 
were as low as those needed for FCBs. Dioxins were formed in the process but were not 
formed in the treated sludge. Stack emissions were controlled with filters, condensers, and 
carbon beds. Costs are likely to be moderately high (i.e., a few hundred dollars per ton). The 
waste will consist of the treated soil (if it cannot be returned to the ground because of other 
contaminants) and the materials recovered in the off-gas. If a condenser is used, much of the 
PCBs may be recovered as liquid in oils. In any case, carbon beds (later wastes) are likely to 
be used for the flnal off-gas cleanup. Development is under way in industry. Additional costs 
may be a few million dollars, perhaps even <$lM. The Development, Demonstration, and 
Evaluation Program for the Federal Facilities Consent Agreement (FFCA) is currently 
conducting treatability tests on FCB contaminated DARA soils at the Y-12 Plant. 

Science/Technology Needs: The ability of the technology to handle large concentrations of 
PCBs needs to be detexmined. The requirements of residence time and temperature for 
merent levels of removal needs to be determined. Soils that significantly adsorb PCBs also 
could affect removal rates. 

Much better understanding of the science and technology will be needed. Little large-scale 
testing has been done to evaluate this process. 

Implementation Needs: Treatment levels need to be evaluated. The degree of PCB 
degradation and the toxicity of the degradation products need to be determined. The role of 
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Y-12 soil properties on PCB removal will have to be determined. Off-gas treatment will have 
to be demonstrated. Costs are likely to be high, near those of incineration. One advantage will 
be conduction of the residual soil after low-temperature (below combustion temperature) 
treatment; the soil would not be sintered and could sustain organisms. Deposition of the 
treated soil will be an important consideration. If this remains a waste, the waste volume will 
be large. Implementation needs will be identified after the Y-12 treatability testing is 
completed. 

Author: Jim Wilson/615-576-~13 
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EM Problem: Remedial action 

Y-12 Plant Problem: Soil/sediments 

Problem Area/Constituats Fuel-based hydrocarbons 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation (ORR), radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-specific 
characteristics are provided for each technology, specific regulatory requirements will be 
specified. 

Subelemat: Treatment 

Altemative: Destruction 

Technology: Incineration, cement kiln 

Status: Demonstrated technology for liquids. This technology is much like incineration 
except the incineration occurs in an existing unit. Soil throughput is limited by the capacity 
of existing cement kilns. Cement kilns have been used more often for incinerating liquids 
which can be introduced with the fuel. It is more dimcult to introduce solid soils to these 
units.' The costs for adding soils to a cement kiln is low. The principal costs are likely to be 
excavation and transportation, probably only several dollars per ton. If the soil is 
incorporated into the cement, essentially no waste will be produced. 

Sdence/Technology Needs: Handling methods for introducing solids into a kiln and 
reliable estimates of the amounts of solids from soils that can be incorporated into the 
cement product are needed. (Incineration of liquids in a cement kiln may introduce few solids 
to the cement product, but introducing soils probably would introduce si@cant solids.) 

Implementation Needs: Little capacity is likely to exist for treating solid wastes such as 
soils in a cement kiln? The location of the kiln and the limited capacity for handling solids 
will limit application of this technology to no more than a few specific cases. The potential for 
introducing radioactivity into the cement (although some natural uranium will be present in 
all cement) is likely to eliminate treatment of many DOE wastes in this manner. 

Author: J. Watson/615-574-6795 
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MOLTEN GLASS COMBUSTOR REMA-15-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Soil/sediments 

Problem Area/Constituents Solid and liquid organics, nitrate-bearing chemicals, 
PCB-contaminated liquids and solids 

Rekrence Requiremeats Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation ( O W ,  radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-specinc 
characteristics are provided for each technology, specific regulatory requirements will be 
specified. 

Subelement: Treatment 

Alternative: Destruction 

Technolog~c Molten glass combustor. This device adds glass-forming constituents to waste 
feed to produce a pool of molten glass at the bottom of a reactor in which solid wastes react. 
Gases produced during combustion are released from the surface of the glass pool. Ash 
remains in the pool and is periodically removed with the carrier glass matrix. The removed 
glass is collected in storage containers and solidifies upon cooling. 

The glass pool is melted and brought to operating temperature by passing a current between 
electrodes immersed in the glass at the sides of the combustor. The resistance of the glass 
to the flow of electrical current creates the needed rise in temperature in the molten-glass 
pool. Typical materials used to fom a base glass are oxides of silicon, boron, and 
phosphorus. Sodium and potassium oxides are added to adjust glass melting temperature 
and viscosity. Aluminum oxide is added as required to decrease leachability of the glass. 

Volatile constituents of solid and liquid waste feed streams are combusted in the volume of 
the combustor above the molten-glass pool. Combustion air typically is supplied through 
ports in the sides of this section of the combustor. Auxiliary fuel bumers are used to ensure 
that the volume above the molten-glass pool is maintained at proper temperature for 
combustion of the volatiles. 

The thermal Vitriacation process involves heatlng the materials by electricity or fossil fuels 
to temperatures beyond 1000°C. At these temperatures, any free liquid or organic material 
is evaporated, pyrolyzed, or oxidized, and residual inorganics are vitrified to form a molten 
glass. Thermally formed glasses are produced by fusing or melting crystalline materials 
and/or amorphous materials at elevated temperatures to produce liquids. Subsequently, 
these liquids are cooled to a rigid condition without crystallization. 

Normally, glass waste forms are obtained by mixing one or more waste streams containing 
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radioactive and hazardous inorganic chemical compounds with other glass-fonning materials 
and melting these materials during a vitrincation process. The glass-forming materials may 
be commercially melted glass f i i t ,  select chemicals, or in some cases, materials present in the 
waste streams. Generally, silicon oxide (SiOJ is the major component and provides the 
three-dimensional network which strongly influences the glass-waste-form character and 
properties. 

The glass waste form discussed in the vast majority of references is borosilicate glass 
&03SiO), as employed in the high-level radioactive waste program. The waste form usually 
contains less than 30 wtok, ofwaste solids; however, the vitrification process generally reduces 
the volume signiacantly. Speciac waste streams can be added at higher levels and, under 
conditions where the waste contains sUmcient glass fonners, a glass containing only waste 
can be produced. A wide variety of glass compositions may be suitable as glass waste forms 
and may provide advantages for the vitrification of a particular waste stream. 

Because glass can accept a wide variety and amount of radioactive or hazardous materials 
and because its physical properties normally are consistent with time, glass has been 
selected to stabilize a variety of waste streams. It should be noted that the U.S. 
Environmental Protection Agency has determined that vitrification is the “best demonstrated 
available technology” for chemically hazardous constituents in high-level nuclear waste. 

Status: Molten glass combustors are accepted by industry, and units are in use. Removal 
efnciencies of greater than 99% can be obtained for most waste types. Cost is not well 
established, but is expected to exceed $200 per ton. The Vitrincation process has proven 
effective, but the costs of operation are not well known. A Cooperative Research and 
Development Agreement (CRADA) has recently been signed with Scientifk Ecology Group. 

Sdence/Technology Needs: The following may cause problems during operation: 

Monitonlng the need for changes in additives can be dif3cult. 
The presence of certain organics and/or metals can result in problems caused by 
changes in the valance of the glass. This may result in precipitates forming in the glass 
matrlx 
Certain elements (eg., chromium, ruthenium, and noble metals) have limited solubilities 
in specific glass structures. 

Implementation Needs: 

Process equipment (e.g., indirect or direct-fired rotary kiln, heated screw kiln, etc.) 
Minimum 2000 ft2 equipment battery limit 
All utilities, including electricity, cooling water, natural gas, steam, air, nitrogen, etc. 
D m  and material handling equipment 
Trained chemical operators 
EPA-certified laboratory support 
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Author: Chet Francis/615-574-7257 
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EM problem: Remedial action 

Y-12 Plant Problem: Soil/sediments 

Problem Area/Constituents: Volatile organic compounds (VOCs) in soil, contaminated 
concrete rubble, and PCBs in soil 

Reference Requiremen- Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resewation (Om, radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-specific 
characteristics are provided for each technology, speciflc regulatory requirements wiU be 
specifled. 

Subelement: Thermal treatment 

Alternative: Physical separation 

Technolog~c Thermal desorption. Thermal treatment of wastes contaminated with organic 
compounds can be perfonned with many different treatment systems. However, the four main 
types of treatment systems are rotary dryer systems, indirect-fired systems, heated 
screw-type systems, and asphalt plant aggregate dxyers. Each treatment system uses the 
same basic principle of operation. Each system consists of a furnace in which the organic 
compounds are desorbed from the waste feed. Desorbed organics are removed from the 
furnace by a purge gas and are destroyed in an afterburner or are collected by a 
physical/chemical treatment system. The systems are operated between 3OOOF and 800°F 
and are fed with 5-100 tons of contaminated waste per hour. The desorbed organic 
compounds are removed from the furnace by a purge gas stream, which may flow 
concurrently or countercun-ently to the waste feed. A typical system consists of a feed 
pretreatment system, feed hoppers and conveyors, a cocurrent or countercurrent furnace 
(directly- or indirectly-ffred), a treated soil cooling system, cyclones, an afterburner, a bag 
house, an induced draft (ID) fan, and a stack. 

Status: Accepted by industry. The technology is more than 99% efficient in removing VOCs 
from soil. Costs range from $35/ton (for low contamination-low moisture content soils) to 
$120/ton. Thermal desorption of contaminated solids is in use at various remediation sites 
around the US. (some cleanups have been completed). A full scale (5000 cy) application of 
this technology for roasting gaso3ine and petroleum Contaminated soils at they- 12 Rust Fuel 
facility is currently under design for implementation in 1995. 

Sdence/Technology Needs The following concerns may cause problems during operation: 

Limitations exist on the types of waste and contaminants that can be treated. 
The presence of some contaminants may cause permitting problems. 
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Implementation Needs: These include the following: 

0 Process equipment (e.g., indirect- or direct-fired rotary kiln, heated screw kiln, etc.) 
Minimum 2000 ft2 equipment battery limit 
Auutilities, includingreliable electricity, coolingwater, natural gas, steam, air, nitrogen, 
etc. 
Drum and material handling equipment 
Trained chemical operators 
US. Environmental Protection Agency-certified laboratory support 

Author: Chet kancis/615-574-7257 
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EM problem: RemediaI action 

Y-12 Plant Problem: Soil/sediments 

problem Area/Constitneat~~ PCBs, organic compounds 

Re&remce Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation (ORR), radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-specific 
characteristics are provided for each technology, specific regulatory requirements will be 
specifled. 

Subelemeat: Thermal treatment 

Alternative: Destruction 

Technology: Hasma arc furnace. This technology builds on plasma hearth melting 
developments.’ The plasma arc furnace is a new and promising technology that uses an 
electrically heated plasma gas to destroy organic contaminants and bind radionuclides and 
heavy metals in a glassy slag. The plasma arc furnace (PAF) represents an alternative to 
cementation and incineration that may be more acceptable to the public. 

The plasma technology typically includes a continuous plasma torch operated in transfer 
mode (one end of the torch arc impinges on the material being heated) or nontransfen-ed 
mode. The system includes an enclosed feeder, an afterburner, a slag removal system, a 
waste-gas chiller, a waste-gas scrubber, a continuous emissions monitoring system, stack 
samplers, and various controls and diagnostic equipment. The PAF can be operated under 
reducing or oxidizing conditions. 

The term “plasma” refers to a highly ionized gas. Plasmas can be generated by a variety of 
techniques and occur over a wide range of pressures and energy levels. ?).pically, a torch 
uses a flowing gas to stabilize an electrical discharge (arc) between two electrodes. One or 
both of these electrodes is contained within the torch. For treatment of solid materials, the 
second electrode is usually the material being processed (using arc welding terminology, this 
is called the Yuorkpiece?. Energy is dissipated as heat and light as the electrical current 
flows through the gas. Through resistance heating (Joule heating), this process creates a 
high-temperature gas as well as directly heating the workpiece? Plasma torches have high 
energy densities with local temperatures up to 15,0OO0K.’ Qualitative benefits of this 
technology are high-integrity final waste form, portability, and low off-gas and contamination 
control. Potential disadvantages are that plasma processes are very energy intensive, and 
power costs could limit applications to small-scale.6 
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Status: Demonstration. The following pilot-scale systems are installed: 

Centrifugal Retech Fumace-Switzerland 
CenMugal Retech Furnace, DOE/EPA Site Program-Butte, Montana’ 
Fixed Hearth Retech Furnace-Ukiah, Calif. 
plasma Facility-charleston, S.C.’ 
Westinghouse Pilot Facility-Rttsburgh, Pa.” 

Some operating and emissions data exist for these facilities, but additional data are needed 
for process design and scale-up to meet DOE mixed waste management objectives for 
treatment of Y-12 waste streams. 

Science/Technology Needs: Research and development is required to assess metals 
cany-aver Erom the primary chamber (not zone) and to optimize slag chemistry regarding 
metals stabilization, variations in waste input streams, reintroduction of condensed volatile 
metals into the slag phase, and radionuclide partitioning“ in the emuent streams, including 
metal specification studies in the entrained particulates in the off-gas as a function of particle 
size. Additional development is required to determine and improve electrode life, materials 
of construction in gemeral, destruction and removal efaciency of hazardous/tcudc organics, 
power emciency, mass/energy balances to effect minimum secondary waste generation, and 
optimal safe operating methods as a function of heterogeneous waste processing. 

Implementation Needs: The cost of demonstrating this technology to treat a wide range of 
low-to-high ash inorganic/organic waste feed streams to produce a low leachable slag is 
estimated to be $10M. Estimated time to complete full-scale demonstration to treat spedfic 
Y-12 waste streams at 1-2 tons/hour capacity is 3 years (funding requests: F Y  93: $2M, 
FY 94: $4M; FY 95: $4M). 

Author: Jim Wilson/615-576-4413 

References: 

1. 

2. 

3. 
4. 

5. 

6. 

W. Hoffelner, et al., “Plasma Technology for Rapid Oxidation, Melting and Vitrification 
of Low/Medium Radioactive Waste,” Nuclear J3gineering International, Need Business 
publishers, Sutton, England, October 1992. 
M. I. Morris, The Plasma Hearth Process: The FLved Hearth Arc maSma 7kaimmt 
Process for Mixed Waste Tkabmnt Applications, draft lTP, December 10, 1992. 
W. H. McCulla, personal communication with M. I. Morris, December 1,1992. 
J. B. Beny, et al., Mixed WasteTreatmentResearch, Development, Demonstration, Testing 
and Z3zxzZ-n draft report, DOE Omce of Technology Development, December 1992. 
Retech, Inc., Plasma Centt-IFrgal hunace Applications Analysis Report, 
EPA/540/&-9 1/007, U.S. EPA Risk Reduction Engineering Laboratory, Cincinnati, 
Ohio, June 1992. 
L. C. Borduin, et al., Thermal and Photochemical Processes Applicable to Environmenltl 
Restoration and Waste Management Operations, 1989. 

September 1994 
Remedial Action 



PLASMA ARC FURNACE REMA-17-02 

7. C. G. Whiteworth, et al., Slag Chemistry and Metals Volatilization in the PZasma Arc 

8. W. H. Hemes, background file containing personal notes of discussions with SAIC 
=garding emissions from centrifugal furnace in Switzerland, Retech Lab-Scale System, 
and Fixed Hearth Plasma System at Ukiah, W. 

hunaceExperiment. 

September 1994 
Remedial Action 





IN SITU VITRIFICATION REMA-1 8-OZ 

EM Problem: Remedial action 

Y-12 Plant Problem: Soil/sediments 

Problem Area/C~nstituemts Soils contaminated with radionuclides, toxic heavy metals, 
and hazardous organic compounds 

Reference Requirements Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resewation (Om, radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-specific 
characteristics are provided for each technolo@, specific regulatory requirements will be 
specified. 

Subelement: Treatment 

Alternative: Fixation 

Technology: In situ vitrification 

Status: In situ vitriilcation (ISV) for radioactively contaminated soils and sediments has been 
demonstrated at the pilot scale and on a large scale for application to contaminated soils.' 
ISV produces an excellent waste form for most radionuclides of interest, including all 
transuranic isotopes: ?3r, lWCs, '%o. The ambient earthen materials and bac- within 
the ORR have been shown to pose no impediment for ISV. ISV currently applies to soil depths 
to 19 ft and areas where ground-water recharge is not too fast (i.e., <E 03 cm/s). ISV would 
apply to contaminated soils and sediments which, because of their high radiation field, would 
present a hazard for direct contact or handling by personnel or w-uch would have no realistic 
disposal scenario if exhumed. ISV also would destroy all organic contaminants if these also 
were present in radioactive soils or sediments. Inorganic contaminants, including Hg, Cd, and 
Pb (as well as any tritium), would volatilize significantly during ISV; however, these would be 
removed by the off-gas scrubbing system but would thus generate a secondary waste stream. 
production costs for ISV have been projected at about $390/ton of product.' Regulatory 
agency personnel have approved demonstrations and remain enthusiastic that ISV will be 
implemented at the ORFL 

Science/Technology Needs: Minor but s i m c a n t  volatilization of '=Cs can occur during 
ISV, particularly in the presence of materials containing chloride. The only technological 
challenge for ISV is to cany out an actual field-scale implementation to establish that 
necessary target depths can be attained, adjoining melts can be overlapped, and site 
characterization and post-ISV verification techniques can be developed to establish 
effectiveness and actual field waste form quality. No significant research and development 
efforts (non-field-scale tests) would be required for application to contaminated soils and 
sediments. 
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Implementation Needs: The implementation needs for ISV for ORR contaminated soils and 
sediments center only on establishing field-scale implementation. An Environmental 
Restoration-funded project to perform ISV on part or all of ORNL WAG 7 pit 1 in FY 1995 is 
being planned. Using Pit 1 will establish ISV at a field scale at ORR with a minimal amount 
of product produced and a minimal risk for radiological problems during its ISV. Pit 1 is 
actually quite representative of ORR contaminated soils and sediments and results from its 
vitdfication will be directly applicable to the problem of contaminated soils and sediments 
with lower levels of radioactivity. 

Author: Brian Spalding/615-5747265 

1. VUriflcation Technologies for Treatment of Hazardous and Radioactive Waste, EPA 
HandbookEPA/625/R-92/002, Office of Research andDevelopment, US. Environmental 
Protection Agency, Cincinnati, Ohio, 1992. 
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EM Problem: Remedial action 

Y-12 Plant Problem: Soil/sediments 

Problem Area/Constituents: Radionuclides, toxic heavy metals, and hazardous polar 
organic compounds 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation ( O W ,  radiation protection standards, Department 
of Energy DOE) Orders, and nonregulatory guidance. As site- and waste-specific 
characteristics are provided for each technolog3r, speciiic regulatory requirements will be 
specified. 

Subelexnest: Treatment 

Alternative: Chemical separation 

Technology Electrokinetic removal. Electrokinetic remediation of soils involves application 
of direct current between two electrodes inserted in the soil. Passing of direct current through 
the soil produces three general electrokinetic effects. These are (1) electroosmosis, (2) an 
electroosmotic transport of contaminants, and (3) reactions at the electrodes. Electroosmosis 
involves the movement of pore water through the soil by virtue of the applied electrical field. 
The intluence of electroosmosis is greatest in heavy, textured soils (soils with high 
concentrations of silts and clays and low permeabilities). Thus, electrokinetics offers a 
method to enhance movement of water in low-permeable soils. Electroosmotic transport of 
contaminants result as charged anions and cations move in an electrical field. Cations move 
with the water toward the cathode, and anions generally move to_;ward the anode by electrical 
conduction. Some anions may be transported to the cathode because of convective transport 
of water by the electroosmosis effect. Gaseous hydrogen and OH- anions are generated at the 
cathode while protons (W) are generated at the anode, creating a significant pH gradient 
between the two electrodes. 

Status Exploratory studies have moved toxic metals through soil under electrostatic 
potential.' A DOE-sponsored workshop was held recently in Atlanta to evaluate the potential 
of this concept. Much remains to be understood about the concept before it can be applied 
to uranium contamination. For instance, does the uranium have to be oxidized to the more 
soluble Vi state before it becomes mobile? If uranium lV can form complexes with chloride, 
carbonate, or sulfate to form anions and neutral specie as well as cations, which way(s) will 
the uranium go under an electric field? How will the uranium be recovered from the 
electrodes as the migration is completed? How far apart can the electrodes be spaced? This 
appears to be a concept, not a proven technology. Costs are very uncertain now, because the 
concept is not sufnciently defined. Costs are not expected to be even once the entire removal 
scheme is defined. Costs could s a  exceed $100/t. Development and demonstration costs 
probably will be moderate, perhaps $lM to $10M. 
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Science/Technology Needs A s  previously mentioned, much remains to be learned about 
this concept before its applicability can be evaluated. The need exists for studying uranium 
solution chemistry in soils and soils with humus and other organic materiak (such as those 
found near the soil surface). The previously mentioned questions should be addressed. The 
technology, if operated in situ in shallow soils (near the surface) as expected, would have to 
operate under conditions ranging from drought to heavy rainfdl. The role of add formation 
fi-om electrolyte dectromigration on uranium movement needs to be understood. Although 
the technique could also be considered an ex situ method, excavation and placement in 
treatment bins will increase the cost and the need for more rapid treatment rates. Concepts 
need to be developed and tested for recovering uranium fi-om the electrodes (of the electrode 
region). 

Implementation Needs: Much needs to be learned about this technology before all 
implementation needs can be assessed. It is too early to assess costs, but one would expect 
in situ costs to be moderate if the uranium can be removed fi-om the electrode regions at 
moderately high concentrations and be easily concentrated for disposal. Ex situ costs might 
be excessive if the rates are low and treatment facilities are not suffciently inexpensive. 
Treatment levels are also not yet established. 

Author: Chet kancis/6 15-5747257 

References: 

1. Y. Acar, R Gale, et al., Ekirokinetic Soil Processing: Prgect EKSITE, EK-BR-008-079, 
1991. 
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EM Problem: Remedial action 

Y-12 Plant Problem: Soil/sediments 

Roblem Area/constituMts: Refractory organohalides; heavy metals along with rehctory 
organic materials; organic sludgeswith radionuclides; spent, radioactive, ion-exchange resins 
and contaminated soils 

Reference Reqyhmestsx Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation (Om, radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-specific 
characteristics are provided for each technology, specific regulatory requirements will be 
specified. 

Subelement Thermal treatment 

Alternative: Destruction 

Technology: Chem char process. This process destroys hazardous wastes by reverse-bum 
(where flame and oxidant move in opposite direction) gasification. The wastes to be treated 
are mixed with char, and the mixture is mechanically pushed upward through a gasifier. The 
char, prepared by reverse-bum gasification of subbituminous coal, has a macroporous 
structure and a surface area of approximately 200 m2/g, which can effectively sorb and 
immobilize waste liquids and sludges and provide an ideal physical matrix for treatment. 
Limited oxygen is supplied from the bottom of the gasifier so that a thin layer of flame 
travelling upward is created in the middle of the gasifier. Flame zone temperature is about 
1500OC. The flame supplies the energy needed to gas% the wastes. The gaseous products 
then flow upward to pass through a heated char bed, which is claimed to provide a strong 
reducing atmosphere that will effectively destroy the refractory organic compounds without 
producing undesirable by-products. 

This gasification process is claimed to be a s i m c a n t  breakthrough for thermal treatment 
of environmental wastes. No inorganic particulates are present in the gas effluent, and metal 
emissions are minimal, probably because of capture of the volatilized metal vapors by the 
char bed, either through condensation or chemisorption. Char residue is a dry, inert, 
carbonaceous solid which is either nonhazardous or can be mixed readily with cement to 
prevent leaching of radioactive, toxic, or heavy metal constituents which are retained in the 
char residue or ash. Char residue can be gasilaed further in a forward-bum mode to produce 
a highly stable, low-volume, glassy slag. 

Status: predemonstration 

Science/Technology Needs: Development work will be initiated with a thorough review of 
the chem char process in collaboration with researchers of Chem Char Research, Inc., (CRI) 
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holder of a patent on this process. Experimental studies on treating various liquid and solid 
wastes then will be conducted. Work will occur in conjunction with CRI (or independently at 
the Oak Ridge National Laboratory) and will involve design and installation of a pilot gasifier 
system. Experiments will be planned to collect data, such as gasifier temperature profile, 
product gas composition, particle size, mixture flow rate and residence W e ,  and treatment 
quality. Potential operational problems also will be investigated (e.g., channeling of oxygen 
and product gases, controllability of a stable and uniform flame front in the gasifier, 
incomplete combustion, and nonunifomity of treatment quality). Subsequently, an 
assessment of this process will be made regarding its technical and economic viability, and 
the result of this assessment will determine whether a larger facility (and its capacity) can be 
justifled. 

Implementation Needs: Development work is estimated to cost $0.75M-1.5M. 

&tho= Chet Francis/615-5747257 

References: 

1. Ihe Chem CharPmcessfor Hazardous Waste 'Reahmt technical bulletin, Chem Char 

2. C. D. Reach, personal communication with W. D. Altman, Martin Marietta Energy 
Research, Inc. 

Systems, Inc., March 2, 1992. 
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EM Roble= Remedial action 

Y-12 Plant Problew Ground water, surface water 

Problem Area/Constituen&: Ground water/surface water-inorganics and radionuclides 

Reference Requiremeats Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation ( O W ,  radiation protection standards, Department 
of b e r m  (DOE) Orders, and nonregulatory guidance. As site- and waste-speclfic 
characteristics are provided for each technology, specific regulatory requirements will be 
specified. 

Subelement: Treatment 

Alternative: Chemical separation 

Technology: Precipitation. Precipitation is a chemical treatment process by which soluble 
contaminants are removed from water by converting them into insoluble compounds. Soluble 
contaminants may include metals, alkahe earth ions (hardness), or other inorganic anions. 
An example of chemical precipitation is metals precipitation using hydroxide, sulflde, 
phosphate, or carbonate ions as the precipitating agent. Metal hydroxide precipitation is a 
pH adjustment process used to treat aqueous wastes containing metals. Base (usually lime 
or caustic) is added to adjust the pH to the point where the constituents to be removed have 
the lowest solubility. This treatment results in a metal sludge and a treated effluent that has 
an elevated pH. 

Sometimes, metal sulfide precipitation is used to remove-metals to lower emuent 
concentrations than can be achieved using hydroxide precipitation. Sodium or ferrous sulfide 
is added as a precipitating agent. After precipitation, excess sulfide ions must be removed by 
oxidation. Efnuent metal concentrations of less than 1 mg/L (and sometimes lower) are 
achievable. Chromium can be precipitated to less than 0.1 mg/L if reduction is used as a 
pretreatment step to convert hexavalent chromium to trivalent chromium. 

Contaminated wastewater is fed continuously or batch-wise into the rapid mix tank. 
Treatment chemicals may include acids or bases for pH adjustment and other coagulants 
such as alum or ferric chloride and polymers. As an option, polymers can be fed in-line 
downstream of the rapid mix tank. Polymers may be organic polymers which promote 
flocculation through hydrogen bonding and electrostatic forces or synthetic polyelectrolytes 
with anionic or cationic hct ional  groups which promote agglomeration. 

Sta- Accepted for heavy metals and radionuclides. Spec& wastewater streams would 
need to be tested to determine the treatment levels that could be achieved. Treatment of 
Co-60 and Tc-99 normally will require additional treatment steps, such as chemical 
reduction, dong with precipitation. Lab-scale tests have shown that aluminum powder will 
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break -60 complexes and will reduce Tc-99 from a +7 to a +4 oxidation state so that they 
will precipitate. Specific wastewater streams would need to be tested to determine the 
treatment levels that could be achieved. 

Sdence/Technology Needs: The flow rate needs to be estimated to properly size unit 
processes. Characterization of the waste stream allows the technology to be selected and the 
effectiveness to be estimated. characterization parameters include metals, other cations, 
anions, and complexing and chelating agents. Total suspended solids and total dissohTed 
solids are used to predict the solids generation rate and to properly size the sedimentation 
process. The alkahity and acidily of the stream are used to predict the chemical 
requirements for pH adjustments. 

Implementation Needs: The addition of coagdants such as aluminum or iron salts and 
polymers sometimes are used to help form precipitates. Precipitation also can result in lower 
effluent concentrations through coprecipitation. Often, iron is added to enhance the 
coprecipitation effects. 

Sludge recovered from precipitation requires dewatering and disposal. Treated effluent from 
metal hydroxide precipitation may require pH adjustment before discharge. Treated effluent 
h m  metal sulfide precipitation may require sulfide removal before discharge. 

Author: P. A. Taylor/615-574-1965 

References: 

1. Taylor, P. As and Robinson, S., oak Ridge National Laboratory NonmdidogicaZ 
wastewater Treatment Plant optimizatro n Report, ORNL/TM-11877, Oak Ridge 
National Laboratory, Oak Ridge, Tenn., June 199 IS - 
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EM Problem: Remedial action 

Y-12 Plant Problem: Impoundments/Quarries 

Problem Area/Constituents: Impoundments in contact with ground water, plutonium, 
uranium, organics, inorganics 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation ( O W ,  radiation protection standards, Department 
of Energy ('DOE) Orders, and nonregulatory guidance. As site- and waste-specific 
charactexistics are provided for each technology, specific regulatory requirements will be 
specified. 

Subelement: Containment/isolation 

Alternative: Barriers 

Technology: Slurry walls. Slurry walls are narrow, vertical excavations which are backfilled 
with a slurry while excavation is in progress. The slurry prevents collapse of the sidewalls 
during excavation and produces a barrier to ground-water flow. The slurry is generally a 
bentonite, bentonite/clay, or bentonite/Portland cement mixture. 

Status: Accepted. This technology is commercially available. Sluny walls have been used on 
environmental projects at the Portsmouth Gaseous Diffusion Plant. For slurry walk to be 
effective, a confining layer must be present in which to key the wall. At ORR, the fractured 
and solution-featured bedrock lacks a confining layer or aquiclude and thus, is not suited 
for slurry-wall use. - 

Science/Technology Needs: Developments are needed which would allow the use of sluny 
walls in fractured or solution-featured bedrock. The technology could be combined with other 
technologies in new or unique applications which would not depend on confining layers to 
be effective. 

Implementation Needs: Detailed characterization of subsurface conditions and materials 
is needed. 

Author. Bill Barton/615-576-0519 

Reference: 

1. Underground Storage Tank Corrective Action Technologies, EPA/625/6-87-015, PEI 
Associates, Inc., Cincinnati, Ohio, 1987. 

2. Corbitt, Robert A, Standard Handbook of Environmental Engineering, McGraw Hill, New 
York, 1988. 
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3. keeman, Hany M., Standard Handbook of Hazardous Waste 3I2eaimm.t and Disposal, 
McGraw Hill, New York, 1988. 
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EM Problem: Remedial action 

Y-12 Plant Problem: Impoundments/Quarries 

Problem Area/Constituents: Plutonium, uranium, organics, inorganics 

Reference Requirements Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation (Om, radiation protection standards, Department 
of Energy (DOE] Orders, and nonregulatory guidance. As site- and waste-specific 
characteristics are provided for each technology, specific regulatory requirements will be 
specifled. 

Subelement: Containment/isolation 

Alternative: Barriers 

TechnoXogy: Sheet pile walls. Sheet pile walls are walls constructed in the ground-of 
interlocking sections of steel. The corrugated steel panels are driven to refusal/top or rock. 
Sheet pile waIls do not provide a complete barrier against ground-water flow, as water can 
move through the sheet pile joints, and thus, are usually only used for temporary dewatering. 

Status: Accepted. This technology is commercially available for use in shallow applications 
(30-40 fi maximum depth). Sheet piling is applicable to the soil depth above bedrock, as 
sheet piling will refuse on hard rock. Sheet piling will not provide a complete banier against 
ground-water migration. I t  will leak at the sheet pile joints and, if no confhing layer exists, 
ground water will migrate under it. 

Science/Technology Needs: None. 
- 

Implementation Needs Detailed characterization of soil conditions and subsurface geology 
is needed. 

Author: Bill Barton/6 15-576-0519 

Reference: 

1. Underground Storage Tank Corrective Action Technologies, EPA/625/6-87-015, PEI 
Associates, Inc., Cincinnati, Ohio, 1987. 

2. Corbitt, Robert A , Standard I-fandbook of Environmental Engineering, McGraw Hill, New 
York, 1988. 

3. Freeman, Harry M., Standard Handbook of Hazardous Waste Treatment and D i s p 4  
McGraw Hill, New York, 1989. 
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EM Problem: Remedial action 

Y-12 Plant Problem: Impoundments/Quarries 

Problem Area/cOnstituents: Plutonium, uranium, organics, inorganics 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation ( O W ,  radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-specific 
characteristics are provided for each technology, specific regulatory requirements will be 
specified. 

Subelement: Containment/isolation 

Alternative: Barriers 

Technology: Grout curtains. Grout curtains are narrow, vertical walls installed in the 
ground to divert laterally flowing ground water. A grout curtain may be used up-gradient of 
a contaminated area, to prevent clean water from migrating through wastes, or 
down-gradient, to limit migration of contaminants. 

Status: Accepted. This technology is commercially available for use in shallow applications 
(30-40 ft maximum depth). The effectiveness of this technology largely depends on the 
presence of a codining layer of clay or rock into which the grout curtain is keyed. Without 
a c0-g layer, the grout curtain will not form an effective barrier (ground water will find 
pathways under the grout curtain). 

Science/Technology Needs: This technology needs to be demo&rated (to be either effective 
or ineffective) in the hctured geology of the Oak Ridge Reservation. 

Implementation Needs: Detailed characterization of soil conditions and subsurface geology 
is needed. 

Author: Bill Barton/615-576-0519 

Reference: 

1. 

2. 

3. 

Underground Storage Tank Corrective Action Technologies, EPA/625/687-0 15, PEI 
Associates, Inc., Cincinnati, Ohio, 1987. 
Corbitt, Robert A, Standard Handbook of Erwironmental Engineering, McGraw Hill, New 
York, 1988. 
Freeman, Harry M., Standard Handbook of Hazardous Waste Treatment d Disposal, 
McGraw Hill, New York, 1989. 

September 1994 
Remedial Action 





FRENCH DRAINS REMA-43-OZ 

EM Problem: Remedial action 

Y-12 Plant Problem: Impoundments/Quarrles 

Problem Area/Constituents: Plutonium, uranium, organics, inorganics 

Reference Requirements: Refer to the Fkgulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation ( O W ,  radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-specific 
characteristics are provided for each technology, specific regulatory requirements will be 
specified. 

Subelement: Containment/isolation 

Alternative: Drains 

Technology: French drains. French drains are narrow, vertical trenches filled with porous 
backfill. Ground water intercepted by the trench is either pumped from sumps located at low 
points in the drain or is gravity drained, if the terrain allows. 

Status: Accepted. This technology is commercially available. Deep French drains have been 
constructed successfully in SWSA 6 and along Lagoon Road at the Oak Ridge National 
Laboratory (Om). Cost-effective construction of kench drains is limited to rippable 
materials--soil and rock which can be excavated without blasting, jack-hammering, etc. 

Science/Technology Needs: Cost-effective techniques are needed for French drain 
installation in hard rock. - 

Implementation Needs: Characterization of soil conditions and subsurface geology. 

Author: Bill Barton/615-576-0519 

Reference: 

1. Underground Storage Tank Corrective Action Technokyies, EPA/625/6-87-015, PEI 
Associates, Inc., Cincinnati, Ohio, 1987. 

2. Corbitt, Robert A., Standard Handbook of Envi.mnmed Engineering, McGraw Hill, New 
York, 1988. 

3. Freeman, H a n y  M., Standard Handbook of Hazardous Waste 7Yeatmen.t and Disposal, 
McGraw Hill, New York, 1989. 
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EM Problem: Remedial action 

Y-12 Plant Problem: Impounchents/Quarries 

Problem Area/Constituents: Plutonium, uranium, organics, inorganics 

Refirence Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation ( O W ,  radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-spedfic 
characteristics are provided for each technology, specitic regulatory requirements will be 
specined. 

Subelement: Cont.ainment/isolation 

Alternative: Drains 

Technology: Biopolymer drains. Biopolymer drains are French drains which are installed 
using a biodegradable sluny for s i d e d  support. Use of the biopolymer installation method 
enables a narrow, vertical trench to be excavated without shoring, to be backfilled with a 
porous stone tBl, and to be converted into a high-transmissivity interceptor trench. The 
technique is especially useful in locations of unstable or saturated soils which are likely to 
collapse if excavated vertically. The major advantage is related to ability to maintain 
excavafion stability (similar to bentonite slurry), yet disposal is greatly simplified since 
biopolymer naturally decays. Biopolymer is popular in Europe to create drainage trenches. 
Polymer used as drilling fluid maintabs sluny trench open so that freely draining material 
(sand or gravel) can be placed into slot. Biopolper can be destroyed by injection of Chlorox 
or allowed to naturally decay. - 

Drawback of biopolymer is related to time in which drilling fluid is stable. After 300 hours 
most polymers have decayed and lost their ability to stabilize an excavation. Chemistry to 
control biopolymer properties are more complex than conventional bentonite drilling fluids. 

Status Accepted. This technology is commercially available for use in soils or loose-rock 
materials which can be excavated with conventional excavation equipment. Geo-Con, Inc., 
(of Pittsburgh, PA3 has installed biopolymer trench drains at the Portsmouth Gaseous 
Difhsion Plant as part of two site remediation projects. 

Science/Technology Needs: Though this is a mature technology, opportunities may exist 
to apply it in new applications or with Merent construction equipment. 

Implementation Needs: Characterization of soil and subsurface geology. 

Author: Bill Barton/615-576-0519 
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1. Bachy Process, Deep Drainage Trench, company literature, Bachy, Cattenom, kance, 

2. Power Drilling Systems, company literature, El Durado, Ark., 1993. 
1993. 
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EM Pmblem: Remedial action 

Y-12 Plant Roblean: Impoundments/Quarries 

Pmblem Area/constituents: Plutonium, uranium, organics, inorganics 

Refbrence Requirements. Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation (Om, radiation protection standards, Department 
of mer@ (DOE) Orders, and nonregulatory guidance. As site- and waste-specfflc 
characteristics are provided for each technology, speciilc regulatory requirements will be 
specltied. 

Subelemenk Containment/isolation 

Altexnative: Drains 

Technolow Horizontal wells. Horizontal wells are cased wells installed horizontally or with 
directional drllllng techniques for isolating a site from ground water infiitration. Whereas a 
vertical well has only a small cross-section of well at a given elevation, a horizontal well can 
have hundreds of feet of cased length at a key elevation. One horizontal well would be a much 
more effective ground-water interceptor than a series of vertical wells. In the early 199Os, 
directional drilling applications were expanded so that gravel-packed wells could be installed. 
The well installation employs real-time directional drilling to place wellscreens of various 
types (WC, HDPE, or stainless steel). The filter packing is achieved by pulling back a casing 
while pneumatically stowing graded sand around the wellscreen, which is centrally located 
within the cas-. Drains up to 12 in. in diameter, and from 10-500 ft deep can be installed 
over a 1000-ft length. - 

Some of the major advantages of horizontal drains are related to: 

Small-diameter boreholes (3-12 in.) produce smallvolume ofwaste generation during drain 
installation. Vacuum preventer at wellhead with closed loop drilling and recirculation of 
biopolymer mud also greatly reduces waste generation and minimizes worker exposure. 
Directionally drilled drains can be strategically drilled into the soil horizon for maximum 
hydraulic emdency. In contrast, drainage trench must remove large volumes of soil above 
the ground-water table. Large volumes of slurry requires disposal after trench backfilled 
with granular soil. 
Single header pipe at wellhead can service multiple drains. 
Directionally drilled drains can be installed in areas which are inaccessible for crane 
and/or backhoe installation of drainage trench. 

Status: Demonstration. Horizontal drilling technology is commercially available and has 
been used extensively in river-crossing applications. Directional drilling is also widely used 
in oil-field applications. However, horizontal or directional drilling for installation of 
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ground-water interceptor wells around hazardous waste sites is a new application for this 
technology. The most promising application may be use an array of horizontal wells under 
waste trenches to suppress ground wata in areas where waste was placed below the water 
table. 

Sdence/Technology Needs. Demonstrations need to focus on the technical feasibility of 
drilling long distances horizontally in bedded shales and interbedded shales and limestone. 
The eEective distance between wells for ground-water interception should be investigated. Use 
of horizontal drilling as an alternative to French drain construction should be considered. The 
problem of handling contaminated cuttings needs to be addressed. Little seepage analysis has 
been presented in the literature which allows comparison between the efadency of vertical 
and horizontal wells versus drainage trenches. The hydrologic equivalency would be required 
to perform an economic feasibility study of each drain type. Computer modeling would be 
conducted using site-specific scenarios for the Y-12 reservation. Preliminary calculations for 
an isotropic, homogeneous deposit indicate that a single horizontal well is hydraulically 
equivalent to five vertical wells (for sandy soil) or ten vertical wells (for clay soil). Cost 
evaluation would consider permitting required for single versus multiple wells. 

During installation of horizontal drains the driuing process will produce smear zones in the 
saprolitic soils, which dominate ORR The smear zone will create an impedance layer adjacent 
to the mter pack which surrounds the drain. If the pneumatic stowing of the filter pack does 
not produce a pervious filter (1K-1OK times more previous than adjacent saprolite), then 
horizontal wells will only be partially effective. Analytical techniques can evaluate the degree 
of Ster pack perviousness required for a perfect drain. Installation techniques may require 
using water jetting tools to cutaway the smear zone along the borehole prior to wellscreen 
installation. Vacuum cleaning of cuttings or fines in the borehole may also be required due 
to the clayey nature of the saprolite. 

Implementation Needs: Computer studies-computer software for transient and steady 
state seepage of water for unconfined flow, incompressible soil, anisotropic conductivities. 
Numerical analysis would form the basis for determining equivalency between vertical and 
horizontal wells and drainage trenches. Cost effectiveness of each drainage method would be 
determined. Studies published by Los Alamos indicate that horizontal air stripping system 
is approximately 40% less for volatile organic compound (VOC) extraction when compared to 
conventional soil vapor extraction. A major cost reduction factor is related to the higher 
efl8ciency of a horizontal well to remove VOCs. Estimated cost40. 15M. 

Field demonstration-perform test field to evaluate the operational problems of installing a 
filter-packed horizontal well. Demonstration should also include comparative measurements 
between vertical and horizontal wells and drainage trenches. Estimated cost40.35M. 

Authox Bill Barton/6 15-576-0519; Joe Kauschinger/404-421-3400 
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1. Freeman, Hany M., Standard Handbook of Hazardous Waste Trartment and Disposal, 

2. EVI Cherrington, ‘ W E W A C  System.” 
3. Schroeder, J.D., Rosenberg, N.D., Barnes-Smith, E.P., Booth, S.R, “In Situ Air Stripping: 

Cost Effectiveness of a Remediation Technology Field Tested at the Savannah River 
Integrated Demonstration Site,” Report No. LA-UR-92- 1927, 1992. 

McGraw Hill, New York, 1989. 
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CAPPING RE MA-46-0Z 

EM Problem: Remedial action 

Y-12 Plant Problem: Impoundments/Quarries 

Problem Area/Constituents: Sludge with radionuclides, organics, inorganics 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Wdge Reservation (Om, radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-specific 
charactaistics are provided for each technology, specific regulatory requirements will be 
specaed. 

Subelemenk Containment/isolation 

Alternative: Capping 

Technology: Capping. Capping of waste areas consists of placing a barrier over a site to 
prevent infiltration of water into the waste from above. Many different barrier systems fall 
under the broad heading of caps. Caps may be as simple as sheet plastic held down by sand 
bags or as complex as multilayered systems which include low-permeability layers, drainage 
layers, vegetative layers, intruder protection layers, etc. 

Status: Accepted. Some capping systems have become fairly common, with numerous 
installations occurring nationwide. Other systems are only in the developmental stages. 
Though caps are being designed and constructed, many aspects of the technology are still 
in demonstration or predemonstration stages. 

The U.S. Environmental Protection Agency (EPA) published “M&um Technology Guidance” 
documents for caps which outline performance standards and give recommended 
cross-sections of caps for hazardous waste closures. Many sites have been capped in 
accordance with the EPA guidance. Some of these caps have failed, and EPA and the 
technical community currently are rethinking the technology in an effort to produce more 
dependable caps. 

sdence/Technology Needs: For caps with soil layers, additional work needs to be 
performed in the area of desiccation of clays and the effect of desiccation on cap permeability. 
For geomembrane caps, extensive materials testing ind longevity testing is needed. A “water 
balance” cap approach is being developed for the arid west. Elements of the water balance 
approach may apply to humid areas, but more study is required. 

Implementation Needs: Characterization to define site to be capped. Removal of existing 
water and construction of barriers to limit lateral movement of ground water may also be 
required. 
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Authoz Bill Barton/615-576-0519 

Reference: Freeman, H.M., Standard Handbook of Hauudous Waste 2Yeatmert.t and 
Disposal, McGraw Hill, New York, 1989. 
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IN SITU SOIL FLUSHING REMA-47-OZ 

EM Problem: Remedial action 

Y-12 Plant Problem: Impoundments/Quarries 

Problem Area/Constituents: Sludge with radionuclides, organics, inorganics 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation (Om, radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatoxy guidance. As site- and waste-specific 
characteristics are provided for each technology, specific regulatory requirements will be 
specified. 

Subelement: Treatment 

Alternative: Physical separation 

Technology: In situ soil flushing. Water or an aqueous solution is injected into, or sprayed 
onto, the area of contamination, and the contaminated elutriate is collected and pumped to 
the surface for removal, recirculation, or on-site treatment and reinjection. During elutriation, 
the flushing solution mobilizes the sorbed contaminants by dissolution or emulsification. 
Handling and treatment of the elutriate are required. 

Status Demonstrated. 

Science/Technology Needs: The achievable level of treatment depends on contaminant and 
soil characteristics. This technology is most applicable to highly permeable soils. 
Medium-solubility organics and soluble salts are the most likely contaminants to be treated 
by this technology. Further development is required to determine applicability to Y- 12 Plant 
site conditions. Delivery and recovery systems are needed. 

Implementation Needs: Characterization of site and subsurface geology. 

Author: Bill Barton/6 15-576-0519 

References: 

1. Underground Storage Tank Corrective Action Techniques, EPA/625/6-87-015, PEI 
Associates, Inc., Cincinnati, Ohio, 1987. 
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DREDGING REMA-48-02 

EM R o b l a  Remedial action 

Y-12 Plant Problem: Impoundments/gUarries 

Problem Area/ConstituenW Sludge/sediments with radionuclides, organics, inorganics 

Reference! Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation (Ow, radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-spedfic 
characteristics are provided for each technology, specific regulatory requirements will be 
speciiled. 

Subelemenk Retrieval 

Alternative: Excavation 

Technolo@c Dredging. Dredging is the removal of sediment/soils from a pond, lagoon, or 
other waterway. Saturated sediment becomes fluid-like when agitated and typically is 
excavated as a slurry (20/6-10% solids by weight). Dredging equipment is almost always 
floating or operated from shore and is used to move material either mechanically or 
hydraulically. Mechanical dredges, such as draglines or clamshells, dislodge and excavate the 
bottom sediment material at nearly in situ densities. Hydraulic dredges pump contaminated 
sediment in slurry form through floating or pontoon-supported pipelines to a hopper or a 
treatment/storage area. 

Status: Accepted. Most dredging equipment has not been specifically designed to operate in 
contaminated sediment, and modifications have been necessary_to control resuspension and 
to handle slurries with high solids content. Removal of contaminated sediment by hydraulic 
dredging is a relatively new field with few major projects completed. 

sdence/Technology Needs: Development may be required for application to Y- 12 Plant site 
conditions. 

Implementation Needs: Field screening and material handling will be required in 
conjunction with sediment removal. Further treatment will be required following removal. 

Author: Bill Barton/615-576-0519 

Reference: 

1. Remedial Action Assessment System prepared for DOE by Battelle Memorial Institute, 
Padfic Northwest Laboratoxy, December 1992. 
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VACUUMLOADERS REMA-49-02 

EM Problem: Remedial action 

Y-12 Plant Problem Impoundments/Quarries 

Problem Area/Constituents: Sludge/sediments with radionuclides, organics, inorganics 

Rehrence RequiremMts: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation ( O W ,  radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-specific 
characteristics are provided for each technology, specific regulatory requirements will be 
specified. 

Subelemenk Retrieval 

Alternative: Excavation 

Technolow Vacuum loaders. Vacuum loaders are large (up to tanker-truck size) vacuum 
systems used to pneumatically load bulk materials, sludges, granular materials, slurries, or 
liquids. Operating at around 5000 cfm, a vacuum loader can quickly load a 5000-gal tanker, 
then haul the material in a tanker which meets US. Department of Transportation standards 
for transportation of hazardous waste. Vacuum loaders are used extensively in asbestos 
removal projects because of their built-in high-emciency particulate air filtration and 
complete containment. 

Sta- Accepted. Vacuum loader technology is commercially available and is used 
extensively in industrial cleanup of solid, semisolid, sludge and liquid materials. The 
advantage of vacuum loaders is their ability to load a variety of materials, wet or 
dry-aqthing that will pass through an 8-in. suction hose. With avacuum loader, accidental 
spread of contaminants is greatly reduced. 

Science/Technology Needs. Development may be required for application toy- 12 Plant site 
conditions. 

Implementation Needs: Field screening and material handling will be required in 
conjunction with sediment removal. Further treatment will be required following removal. 
Remotely controlled equipment may be needed for some sites. 

Author: Bill Barton/615-576-0519 

Rehrences Personal experience, discussions with Oak Ridge Y- 12 Plant Engineering, and 
vendor information. 
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MECHANICAL EXCAVATION RE MA-50-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Impoundments/Quarries 

Problem Area/Constituents: Sludge/sediments wit% radionuclides, organics, inorganics 

Re&rence Requirementsc Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation (ORR), radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-spedflc 
characteristics are provided for each technology, specific regulatory requirements will be 
specified. 

Subelement: Retrieval 

Alternative: Excavation 

Technology: Mechanical excavation. Excavation is the mechanical rem& of soils and 
sediments. Examples of excavation equipment include clamshells and backhoes. 

Stabs  Accepted. Excavating equipment is commercially available and has been used 
extensively at Oak Ridge Reservation sites. 

Sdence/Technology Needs: Development of remotely controlled equipment and controls 
to limit airborne emissions are needed. A remotely controlled excavation/retrieval 
demonstmtion is planned for WAG 6 at ORNL in FY-94. 

Implementation Needs: Field screening and material handling will be required in 
conjunction with sediment removal. Further treatment will be required following removal. 
Remotely controlled equipment and controls for airborne emissions may be required. 

Author: Bill Barton/615-576-0519 

References: Personal experience and discussion with Y- 12 Plant Engineering sM. 
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SOIL WASHING (IMPOUNDMENTS) REMA-51-0Z 

EM Problem: Remedial action 

Y-12 Plant Problem: Impoundments/Quanies 

Problem Area/Constituents: Sludge with radionuclides, organics, inorganics 

Reference Requirememts: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentialty applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resexvation (Om, radiation protection standards, Department 
of Energy (DOE) Orders, and norregulatory guidance. As site- and waste-spednc 
characteristics are provided for each technology, specific regulatory requirements will be 
specified. 

Subelement: Treatment 

Alternative: Physical/chemical separation 

Technology: Soil washing (impoundments). Soil washing is the extraction of contaminants 
from excavated soil by mixing the soil with water, solvents, surfactants, or chelating agents. 
The contaminated water or solution is then treated for removal of contaminants. Heavily 
contaminated soils are commonly treated several times in a multistage countercurrent 
system. AU soil washing systems are mobile. 

Status: Demonstrated. Soil washing has been demonstrated by the Environmental Protection 
Agency at Superfund sites. 

Sdence/Technology Needs. Further development will be required for the spednc 
contamination found at each impoundment site. This technology has not been used for 
removal of radioisotopes, and its effectiveness in the predominately clay ORR soils remains 
to be determined. 

Implexumtation Needs Field screening and material handling will be required in 
conjunction with the sediment removal. Further treatment will be required following removal. 

Author: Bill Barton/615-576-0519 

References: 

1. U?&?rgrod Storage and Corrective Action Technokgies, EPA/625/6-87-015, PEI 
Associates, Inc., Cincinnati, Ohio, 1987. 
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IN SITU GROUTING (PIPELINES) REMA-52-02 

EM Problem: Remedial action 

Y-12 Plant Pmblemx pipelines 

Problem Area/Constituents Nitrates, uranium, and mercuxy 

Reference Re-ents Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Rdge Reservation (ORR), radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-spednc 
characteristics are provided for each technology, specific regulatory requirements will be 
specified. 

Subelement Containment/isolation 

Altexpative: Fixation 

Technology In situ grouting (pipelines). Buried or aboveground pipelines that have canied 
or presently carry process waste have been known or suspected to leak, causing 
contamination of the soil around the pipe. In the case of buried pipelines, the pipe backall, 
which in some cases is more porous than the surrounding soil, may then serve as a conduit 
for transport of contaminants away from the original leak area. 

Status: Accepted. Grouting of pipelines has been used to seal off abandoned pipes and leave 
them in place. 

Science/Technology Needs: Special engineering design will be required for grouting of 
pipelines that are located beneath permanent structures, but probably no scientific 
development is needed. 

Implementation Needs: 'Qpes of contaminants present, location of the pipeline, and areal 
extent of contamination all will affect the types of equipment used. In most cases, the costs 
involved are those of conventional excavation. 

Author: Jill Greene/G 15-574- 1462 

References: Personal experience and discussion with Oak Ridge National Laboratory 
Environmental Restoration staff. 
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PIPELINE EXCAVATION RE MA-53-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Rpelines 

Problem Area/Constituents: Nitrates, uranium, and mercury 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resewation ( O W ,  radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-spedfic 
characteristics are provided for each technology, specific regulatory requirements will be 
specified. 

Subelement: Retrieval 

Alternative: Excavation. Buried pipelines that have carried, or that presently carry, process 
waste have been known or suspected to leak, causing contamination of the soil around the 
pipe. The pipe backfill, which in some cases is more porous than the surrounding soil, may 
then sem as a conduit for transport of contaminants away from the original leak area. 

Technology: Pipeline excavation 

Status Excavation is currently the most commonly used method for remediating pipelines 
and the surrounding contaminated soil. 

Sdence/Technology Needs: Pipelines in easy-to-access locations can be excavated using 
normal methods and equipment. Special engineering design will be required for excavation 
of pipelines that are located beneath permanent structures,-but probably no scientinc 
development is needed. The final disposition of excavated soil and pipe material would require 
another step in the logic diagram (Le., chemical or physical treatment and either reuse as fill 
material or disposal as contaminated or uncontaminated waste). Final disposition of the pipe 
itself also would require another step in the logic diagram (i.e., either disposal or 
decontamination and reuse/disposal). 

Implementation Nee& Types of contaminants present, location of the pipeline, and areal 
extent of contamination all will affect the types of equipment used and final disposition of the 
excavated material. In most cases, the costs involved are those of conventional excavation 
with added costs created by the presence of contamination. Where pipelines lie beneath 
permanent structures, grouting of the pipe and surrounding soils may be most cost-effective. 

Authox Jill Greene/6 15-574- 1462 

References: Personal experience and discussion with Oak Ridge National Laboratory 
Environmental Restoration s a .  

September 1994 
Remedial Action 





STABILlZATlON/flXATION BY GROUTING REMA-54-02 

EM Problem: Remedial action 

Y-12 Plant Roblem: Soil/sediments 

Problem Area/Constituentsx Radionuclides, toxic heavy metals, and hazardous organic 
compounds 

Rekence Requiremen-. Refer to the Regulatory Compliance .chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation (Om, radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-speac 
characteristics are provided for each technology, specific regulatory requirements will be 
specified. 

Subelement: Treatment 

Alternatives: Fixation 

Technologg: S t a b i l i z a t i o n / f n  by grouting. Stabikation/fhtion of contaminated soils 
can be conducted using two basic grouting techniques: grouting using particulate-based 
f O r m u l a t i o n s  and grouting using Chemical-baSed formulations. 

Particulate-based grouting is accomplished using a selection of cementing agents, and 
bulking agents have been used to chemically fix and solidify a variety of waste streams 
(including soils). This technology uses inorganic reagents that react among themselves to 
form chemically and mechanically stable solids based on reactions between the 
fine-particulate cement., binders, and catalysts and sometimes the waste form itself. Generic 
processes that have been used in particulate-based grouting indude the following: Portland 
cement, Portland cement/lime, Portland cement/fly ash, lime/fly ash, lime/clay, lime-kiln 
dust, and gypsum-based processes. Grouting using particulate-based grout can be conducted 
on an in situ and ex situ basis. However, for true in situ grouting without mechanical mixing 
processes, microfhe cements are preferred, as the fine-gndn characteristics of these grouts 
offer better penetrating capacity and generally fill small void volumes in the soil structure 
better than conventional Portland cements. The microfine cements have grain-size 
distributions (50% by weight) of 5pm compared to <20pm for Portland cements. 

Chemical-based grouting techniques were developed much later than particulate-based 
grouting. The greatest advantage of chemical-based grouting techniques are their application 
in in situ treatment of contaminated soils. For example, chemical grouts often have viscosities 
<lo cpoise which allows them to be injected directly into soils. The most common chemical 
grouting materials are made from sodium silicate or a~rylamide.~*'~ Acrylamide-based grouts 
can be made exhibiting viscosities e2 cpoise and are excellent for penetrating fine-textured 
soils (permeabilities <lo4 cm/s). Most sodium silicate grouts generally exhibit higher 
viscosities (5-10 cpoise) and thus, are only useful for direct injection into silt and 
sandy-textured soils (soil permeabilities generally between loe2 and cm/s). Sodium silica 
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grouts also generally tend to shrink faster (and irreversibly) than acrylamide grouts when 
exposed to dqing conditions. When dried, acrylamide grouts will shrink to approximately 
104Q of their original volume, but swell to their original volume with the addition of water. The 
auylamide moners are highly neurotoxic, but when polymerized (using ammonium persaate 
combined with triethanolamine as an activator and potassium fen-icyanide as an inhibitor 
to control set time) is nontoxic. Because of the inability to ascertain complete containment 
of the moner, the U.S. Environmentai Protection Agency @PA) has prohibited its use for in 
situ gmuthg of soils, and landfills. 

Status: Grouting soils using particulate-based grouts for the fixation or reduction in the 
leachability of radionuclides or heavy mebls is an acceptable practice, depending on the 
characteristics of the radionuclide or heavy metal. The technology has been demonstrated in 
several EPA SITE tests. One of the major concerns is the additional volume of waste 
generated. For radionuclides or metals that form soluble anions or complexes, use of such 
a grouting technology should be thoroughly tested. The best results are obtained with 
radionuclides and metals that fom insoluble reaction products with the cementitious 
particulate or are rendered insoluble at the alkaline pH regime often encountered in the 
formulation of pozccolanic reactions of Portland cement and fly ash. For anionic species of 
metals or radionuclides (Le., those containing chromates or pertechnetates), specific actions 
must be taken, such as addition of reducing agents, to fom reduced forms which are less 
mobile in grouted fonn~.'"*~ Grouting with particulate-based grouts is not generally 
considered applicable for the containment of organic compounds; however, recent 
formulations containing additives of activated carbon to sorb organic contaminants or the use 
of organoclays for adsorption and catalytic destruction of specific contaminants have been 

The effectiveness of these formulations, however, has not been validated. In his 
review and evaluation of chemical fixation and solidification of hazardous wastes, Connd  
best s- the existing data of firmtion of organic constituents in waste: "In the last 
few years, several chemical fixation/stabiljzation processes, mqtly proprietary, have been 
offered that claim to fix, destroy, or immobilize organic priority pollutants and other organics 
of environmental concern. Unfortunately, Wtually no credible data are available. Low 
leaching levels are claimed without any indication of the initial levels in the waste, or the 
&e& of dilution or volatilization of the constituents." 

Relatively little data are available on the use of chemical-based grouts to stabilize and Bx 
contaminated soils. In fact, in his recent book on chemical fixation and solidification, Comer 
does not refer to any work using acxylamide grouts. Sodium silicates are referenced 
extensively (the basis of the ChemfW process developed by the author); however, only in 
conjunction with Portland cement grouting technology. The most comprehensive 
stabilization/fixation work dealing with chemical grouting materials is that conducted by 
spalding."'*n'liS wo rkwas directed at determining the most suitable grouting materials and 
methods of deployment for the stabilization of low-level waste burial trenches at the Oak 
Ridge National Laboratory (ORNL). Most of the data relate to trench stability and hydraulic 
conductivity before and &er treatment of the trenches. For example, hydraulic conductivity 
measurements in monitoring wells within trenches grouted with polyacrylamide revealed 
conductivities cm/s) considerably less than those in the surrounding soil formations 
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( cm/s). In addition, a large data base was developed on the effect of the concentrations 
of various constituents measured in trench leachate on grout set-time and the degree of 
polymerization of aqlamide. Only benzene and toluene showed a detectable effect on the 
degree of polymerization: 98.8?! and 99.3%, respectively, vs 99.9% for neat grout. None of the 
chemicals had a significant effect on grout set-time. 

Sdemce/Tecbnology Needs: The use of particulate-based grouts to fix and stabilize 
contaminated soils depends on the speciation of the contaminants in soils and the reaction 
products formed on solidification. The major problem, other than increased volume of waste 
produced, is making certain that enough mixing occurs between the soil and grouting 
materials. In ex situ applications, mixing can be controlled to a greater extent than in in situ 
applications. Also, in ex situ applications, validation of fixation and solidifhation can be 
determined more easily than in in situ applications. In situ operations using Portland 
me-I-based cements require mixing of soil using deep soil mjxing processes, as penetration 
of soil voids by these formulations will not occur in the heavy textured soils that dominate 
the ORNL site (Le., hydraulic conductivities of most soil are <4.0x 10"' cm/s, Spalding et al. 
1989). Use of microfine cements, most often made fkom finely ground blast-furnace slag, 
mixed with high-energy mixers (those that generate suBcient shear to fully disperse the 
microfine cement) have been documented to reach permeabWies on the order of 10'' and lo-' 
cm/s." However, data from field-scale validation studies are unavailable. Using a clay-based 
microfine cement formulation to grout low-level radwaste burial trenches, kancis et al.8 
measured hydraulic conductivities on the order of lo-' cm/s in grouted trenches compared 
to estimates of lo-' cm/s in ungrouted trenches; however, these levels were significantly 
higher than hydraulic conductivity in soils surrounding the trenches (10" cm/s), indicating 
that grouting the trenches with these formulations would have little effect in isolating the 
waste from ground water or surface water moving into the trench area. 

Deep soil mixing was used recently for in situ injections of a particulate grout containing 
activated carbon at the Portsmouth Gaseous Diffusion Plant to test its feasibility to contain 
tetraethylene chloride ("IE) in soil.'2 The quantity of reject soil (that augured to the surface 
following grout inject) was higher than expected, and tests are being developed to validate the 
degree of containment post-treatment." Thus, like the EPA SITE demonstrations, the most 
important scientinc need is to provide adequate follow-up studies to clearly define or validate 
the effectiveness of remediation. In many cases, the apparent benefits are not easy to vex-@. 

Implementation Needs: The greatest need is development of methods to inject grout in an 
in situ mode. Injection of particulate-based grouts largely depends on soil mixing processes. 
Several demonstrations have been conducted using auguring-type mixers in soil. Also, some 
demonstrations have used jet grouting techniques. Both of these operations require 
expensive!, large-scale equipment, making them capital-intensive. More research should be 
directed toward development of acceptable chemical-based grouts, as deliveIy of these grout 
forms in an in situ mode would be less capital-intensive than delivery of particulate-based 
grouts. 

Authoc Chet Francis/615-5747257 
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SOIL WASHING (SOIUSEDIMENTS) REMA-55-OZ 

EM P r o b h  Remedial action 

Y-12 Plant Problem: Soil/sediments 

problem Area/Constituents: Radionuclides, toxic heavy metals, and hazardous organic 
compounds 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation (ORR), radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-spedac 
characteristics are provided for each technology, specific regulatory requirements will be 
specified. 

Subelement: Treatment 

Alternative: Physical/chemical separation 

Technology: Soil washing (contaminated soil/sediments). Soil washing is a combination of 
physical and chemical treatments performed on soil in an aqueous solution. Early 
development and implementation of soil washing technology was based primarily on the use 
of water as the extracting solvent." This process only applies in the remediation of soils 
containing highly water-soluble constituents or soils containing very low concentrations of 
silt and/or clay particles (usually e 15% smaller than 50 pm). As a consequence, soil washing 
using only water as an extraction media has very limited application to ORR contaminated 
soils. The U.S. Environmental Protection Agency (EPA) SITE Program now includes soil 
washing processes using extraction media ranging from alkaline mixtures of ionic and 
nonionic surfactants and bioremediating agents which act-as biosurfactants' to acid 
extractions for removing heavy metals fkom contaminated soils and solids." Both of these 
processes represent a significant extension of existing soil washing techniques presently 
being used on a wide scale in Germany and the Netherlands. 

Status Several full-scale soil washing plants with capacities of 6.5 to 30 tons/h are in 
operation in the Netherlands and Germany.' Soils (165 tons) from the United States have 
been shipped to the full-scale fadlily at Moerdjik, The Netherlands, for testing? This plant 
has a annual treatment capacity of 80,000 tons. However, emphasis in Europe is on removal 
of semivolatile organic compounds, polyaromatic hydrocarbons (PAHs), polychlorinated 
biphenyls (FCBs), and pesticides: none of the plants is presently removing radionuclides or 
heavy metals from soils. Also, most of the soils and sediments being remediated are 
sandy-textured (>85% being >50 pm diam.). Bench-scale studies have been conducted 
evaluating the effectiveness of various extraction media on the removal of Pu and 
Extraction media included (1) pH 12.5 NaOH solution, (2) a 20! EDYO,, 0.2% HF, 2% pine oil, 
and 5% Calgon, and (3) 2N HC1. Soils from 5 different DOE sites were extracted (at a 1:l 
soil-to-solution ratio in a rotary extractor for 6 min. at 70 rpm). The extractions appeared to 
reduce concentrations of Pu and Am in the fractions >105pm and concentrated the 
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radionuclides in the <lo5 p size fractions. Based on wide variations in the results, the 
authors concluded that the selection of extraction media will have to be tailored for each soil. 
Grant6 used physical segregation and chemical extraction techniques to remove uranium, 
mercury, and PCBs from land soils and storm sediment from the Oak Ridge Y-12 Plant. The 
results indicated that the uranium was difficult to extract from the size fkctions <250 pm. 
The best extraction procedure for uranium appeared to be attrition scrubbing using sodium 
carbonate solutions containing hypochlorite. Research funded under the Uranium in Soils 
Integrated Demonstration at Femald, Ohio, is indicating that soils containing 400 to 
500 mg/kg of uranium (soils sampled fiom within the Fernald production area and around 
a low-level waste incinerator) can be lowered to concentrations <50 mg/kg using extraction 
media which are selective for uranium leaching. The best results have been obtained using 
an extraction medium that includes a strong reducing agent and strong complexing agents 
for uranium?" The reducing agent lowers the redox potential of the system to the point that 
uranium 0 and ferric compounds are reduced to lower valence states, resulting in enhanced 
dissolution of the solid-phase mineral. The presence of complexing agents for uranium in the 
extraction media ('l3ron and citrate) selectively removes uranium and maintains a soluble 
complex for uranium removal. Carbonate leaching in combination with attrition scrubbing 
also appears to be a possible method for removing uranium to levels <50 mg/kg for the soil 
sampled within the production area: Uranium &om soils surrounding the incinerator area 
appear to be more characteristic of a low-fired uranium oxide and were more difficult to leach 
uranium from than the uranium in soil sampled from within the production area. 

Sdence/Technology Needs: Recent bench-scale studies on the selective leaching of 
uranium from uranium-contaminated soils have indicated that specific extraction media can 
be tailored to remove uranium to levels that appear to be acceptable to state and federal 
regulatory agencies. A major need in development of soil decontamination technology is a 
clear understanding of what levels are acceptable for cleanup. Knowing these levels, similar 
bench-scale studies need to be conducted for other radionuclide and heavy metals observed 
in ORR soils. The nature of the extraction media depends on characteristics of the 
radionuclide and/or heavy metal (or organic pollutant) in the soil and the physicochemical 
characteristics of the soil: thus, each contaminant and soil needs to be investigated to 
properly assess the probability of decontamination. Simple soil washing, using water as the 
extraction medium, will not sufnce in cleanup of the heavy-textured ORR soils containing a 
variety of radionuclides, heavy metals, and organic contaminants. 

Economic viability of drainage wells are a strong function of deep rock drilling costs. The need 
exists to examine the range of drllllng techniques applicable for drilling through contaminated 
rock directional drillingwith down-the-hole motors and reverse circulation system air 
drilling with DTH hammers/tricones and other drill bits. 

Implementation Needs: Bench-scale studies identify the basic mechanisms by which 
radionuclide, heavy metal, or organic contaminants can be removed from soil. However, 
bench-scale studies do not provide engineering process infomation as to the best ways to 
make liqu€d/solid separations or to handle a variety of soil components (rocks, clays, plant 
roots, etc.). Before full-scale soil decontamination plants are designed, pilot-scale studies 
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need to be conducted addressing a variety of process engineering variables so that the 
full-scale facility can be designed to operate safely, effectively, and under the most economical 
conditions. Thus, to conduct these pilot-scale studies, a Martin Marietta Energy Systems 
pilot-scale soil decontamination facility needs to be constructed. 

Author: Chet Francis/6 15-574-7257 
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SLUDGE DRYING (RF/MICROWAVE) RE MA-56-0Z 

EM Problem: Remedial action 

Y-12 Plant Problem: Impoundments/Quarries 

Rob- Area/Constituent!ic Radionuclides (uranium, plutonium), Resource Conservation 
and Recwwy Act constituents (inorganics, possibly some organics), impoundments in contact 
with ground water, proximity of impoundments to Laboratory population. 

Refiresme Requiremen* Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, spedac regulatory requirements wlll be specified. 

Subelement: Treatment 

Alternative: Physical separation 

Technology: Sludge drying. A s  an ex situ treatment for the predominantly inorganic sludge, 
drying would be used basically as an aid in handling and disposal. Some volatilization of 
organics may occur, depending on the temperature achieved by the type of drying used. 
However, organics are not the primary constituent of concern. In both microwave heating and 
radio fiequency (RF) heating, electrodes are placed in the sludge to generate the energy. 
Microwave heating uses microwave energy with wavelengths of 1 to 1OOOmm. Radio 
frequency heating uses electromagnetic energy with wavelengths of 1 to 1000 m. 
Temperatures typically range fiom 15OOC to 16OOC for RF heating. 

Status Developmental. The use of RF heating for sludges has been successfully piloted. 

Sdence/Technology Needs: Potential for generation of toxic off-gases and need for 
treatment should be evaluated. 

Implementation Needs: Determination of the water content of the sludge and detailed 
chemical and physical characterizations are needed. 

Authox M.R Peet/6 15-574-3 12 1 
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EM Problem: Remedial action 

Y-12 Plant Problem: Impoundments/Quarries 

Problem Area/Constituents Radionuclides (uranium, plutonium), RCRA constituents 
(inorganics, possibly some organics), impoundments in contact with ground water, prordmity 
of impoundments to Laboratory population. 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Fixation 

techno lo^ In situ &ation. The technology involves mixing additives such as silicates, 
cements, and/or polymers into the sludge, causing metals and other relatively immobile 
inorganics to be bound into a chemically and physicaUy stable material. Some additives may 
immobilize organics. The resulting mixture is nonleachable and struclxrally stable. 

Status Demonstration. This technology considerably increases the amount of waste 
produced. Depending on the fixation agent and the degree of solidification achieved, the 
amount of waste could be doubled. Overall cost is inexpensive. The technology has 
demonstrated success in binding metals, has produced large amounts ofwaste, and probably 
cannot be considered a permanent solution. - 

Science/Technology Needs: In situ additive mixing and injection equipment and long-term 
additive/waste compatibility testing. 

Implementation Needs: Detailed chemical and physical characterization of sludge. 

Authoc M.R Peet/6 15-5743 12 1 
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EM Problem: Remedial action 

Y-12 Plant Problem: Impoundments/Quarries 

Problem Area/Constituem& Radionuclides including uranium, plutonium, strontium, 
cesium; Resource Conservation and Recavery Act constituents. 

Rederence Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-speci8c characteristics are provided for each 
technology, spednc regulatory requirements will be specified. 

Subelement: Containment/isolation 

Alternatives: Walls/barriers 

Technology: Cryogenic barriers. Cryogenics, or (ground) freezing, is a technology that was 
first employed in a Welsh coal mine in 1862 for soil stabilization. Since that time, tremendous 
progress has been made in the technology and its application. Most cases in which cryogenics 
has been employed has involved geotechnical stabilization, including controlling the 
movement of ground water at construction sites. The technology is typically applied for 
interim periods which correspond to construction schedules and needs; however, longer term 
applications may be justiiled as capital and operating costs are compared to alternate 
environmental restoration technologies. 

Cryogenic barriers provide containment of subsurface chemical and nuclear wastes using 
barriers composed of a fkozen layer of the native geologic materia&. The individual application 
may require that a perimeter of frmen material be established to isolate the source of 
contamination, or the ent3re area could require hezing. 

A typical isolation application requires insMlation of freeze pipes around the circumference 
of the site at angles that reach below the area of contamination or down to the impermeable 
layer below the site. A second set of pipes is ins-ed a set distance away from the fmt array 
of pipes. Once in place, the piping is connected and supplied with a refrigerant. The layer 
between the two arrays of piping is fkozen and serves as the barrier to prevent movement of 
contaminants and water into or out of the area that has been isolated. This type of barrier 
can serve as an effective alternative to using sluny walls, grout curtains, or steel sheet 
barrim. Conditions that might favor cryogenic barriers are areas that contain high 
concentrations of buried pipes and utilities (interferences), locations where the generation of 
soils from excavation to install grout curtains or slurry walls results in a waste that is 
difficult and expensive to manage (only an interim barrier is required), or where the depth to 
a layer that could serve as the bottom isolation barrier is costly to reach. 

An application that, to the author's knowledge, has not been demonstrated in the field is use 
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of cryogenics to solidify waste material to aid in removal. This potential application would be 
us& where the material requires solidification for ease of excavation and packaging 
however, the Dnal waste fonn has not yet been agreed upon. Waste material could be allowed 
to thaw in its packaging and, when the final waste form has been agreed upon, the material 
would be in a fonn that could be easily transferred for treatment. (See REMA- 10-OY, Solidify 
and Mine.) Use of this technology for the impoundment’s remediation would allow use of 
proven mechanical excavation/mining techniques and technologies, while at the same time 
hydrologically isolating the area to prevent or control movement of ground water into the 
remediation site. 

It is reported that areas up to 100 acres can be contained by this technology. The refrigerant 
can be aqueous ammonia, propylene glycol, or liquid nitrogen. Selection of the refrigerant is 
based on schedule requirements for implementation, expected duration required for freezing 
the area, and capital and operating costs. 

Status: Use of cryogenics for geotechnical stabilization is a proven technology that is being 
used in all regions of the United States. Its use for environmental restoration and remediation 
has yet to be demonstrated on a large scale. 

One of the major advantages of cryogenics is avoidance of producing large volumes of waste 
by the construction technique. 

Another major advantage is the ability to implement the technology in areas where 
underground utilities are not well defined or where many underground interferences exist. 

Costs for implementation of the technology are expected to be equal to or less than the costs 
for sluny walls, grout curtains, or other mechanical isolation technologies. The technology 
(Le., mechanical equipment) would be expected to cost more: however, the costs depend on 
the site and technology. Operating costs are not expected to be prohibitive. 

Science/Technology Needs: Demonstration/predemonstration. The technology is mature 
for application to geotechnically stabilize construction sites. Application as a remediation 
technology is not believed to be mature. No major obstacles are known to exist for site 
stabilization or isolation. 

Using cryogenics for converting the supernates , sludges, and sediments into a solid form that 
would be amenable to removal via mechanical means (compared to slurrying and pumping) 
has not, to the authors knowledge, been demonstrated. 

Implementation Needs: Site-specific issues and concerns regarding location of the 
impoundments at the Y-12 Plant and contaminants of concern wan-ant further evaluation 
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of cryogenics. A technology assessment to determine the cost beneff ts of developing and using 
cryogenics in remediating select impoundments should be performed. It is anticipated that 
the technology is mature enough to apply immediately to stabilizing the site and control of 
ground water during the construction stage. 

Authoz W.T. Thompson/G 15-574-6549 

References: 
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IN SITU VITRIFICATION (IMPOUNDMENTS) RE MA-59-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Impoundments 

Problem Area/ConstituePts: Radionuclides (uranium, plutonium), Resource Consemation 
and Recovery Act constituents (inorganic, organics). 

Reference Requirememts: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Wdge Resewation (OW, radiation protection standards, DOE orders, 
and nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Fixation 

Technology: In situ Vitriffcation (impoundments) 

Status: In situ vitrification (ISV) has not been demonstrated on impoundment sludge at 
O m  however, in situ vitrification for low-level radioactive seepage pits and trenches has 
been demonstrated at the pilot scale (approximately half scale for an actual application). The 
technology has been accepted for this application and is the basis for the baseline cost 
estimates for WAG 7 at O m .  ISV produces an excellent waste form for all radionuclides of 
interest. Ambient earthen materials and backftlls used in the seepage pits and trenches and 
the surrounding soil fornation have been shown to pose no impediment to ISV. Regulatory 
agency personnel have approved demonstrations and remain enthusiastic that ISV will be 
implemented at the ORR - 

Science/Technology Needs: Minor but significant volatilization of 's%s can occur during 
ISV, particularly in the presence of materials containing chloride. The only technology 
challenge for ISV is to cany out actual field-scale implementation to establish that necessary 
target depths can be attained, that adjoining melts can be overlapped, and that site 
characterization and post-ISV verincafion techniques can be developed to establish 
effectiveness and actual field waste form quality. Off-gas handling techniques will need to be 
modified to deal with potential volatilization of '=Cs during ISV, so that radiation fields do 
not build up in the off-gas handling system. 

Implementation Needs: Implementation needs for ISV for impoundments only center on 
establishing field-scale implementation. This need is partially being addressed by an 
ER-funded project to perform IW on part or all of OFWL Pit 1 in FY 1995. Pit 1 was selected 
because it is the smallest of the seven pits and trenches, and because it contains the smallest 
inventory of activily (about 400 Ci). Therefore. using Pit 1 will establish ISV at a field scale 
at ORR with a minimal amount of product produced and a minimal risk of radiological 
problems. Experience with this ISV program on pits and trenches should greatly increase the 
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knowledge base for implementing ISV on impoundments. 

Author: M. R Peet/615-574-3121 

ReferenCes: 

1. Spalcling, B.P., N.W. Dunbar, M.T. Naney, J.S. M e r ,  and T.D. Powell, Tmcer-leuef 
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1992. 

RadLoactive Pilot-scale Test of Kn Situ V i m  for the Stabilization of Contaminated soil 
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EM Problem Remedial action 

Y-12 Plant Problem: Impoundments 

problemArea/Constituents: Radionuclides (U, PU), RCRA constituents (inorganic, organic) 

Referene Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-speciflc characteristics are provided for each 
technology, specinc regulatory requirements will be specitled. 

Subelement: Containment/isolation 

Alternative: Walls/barriers 

Technology: Claybentonite additives. Use of clays, in particular bentonite, as a material 
to apply to impoundments for controliing outleakage is a technology that has been used 
throughout the United States and Europe. However, the typical application is made during 
the construction phase of the project, when bentonite can be applied and worked into the soil 
to provide the mechanism to lower the soil's permeability, thereby serving to provide a liner 
for the impoundment. The application being considered for the impoundments at the Oak 
Ridge National Laboratory ( O m )  is different in that the impoundments were constructed 
many years earlier, and the addition of the bentonite would be performed to stop or greatly 
reduce the flow of waste water from the impoundment. 

Applyingbentonite clays to an existhg impoundment which contains liquids would be made 
by depositing clay, typically in granular or pellet form, from the s_urface of the impoundment 
The clay would have to be spread over the aerial surface with special attention paid to the 
areas where, through dye tracer testing or operational knowledge, the impoundment is known 
to have, or is suspected of having, the most significant outleakage. If information regarding 
the location and physical description of the leak is known (e.g., through rock fissures), an 
alternate to bentonite pellets or granules might be employed. The alternate method of 
application would be to lay bentonite mats over the aerial surface of the impoundment and 
to allow them to sink to the bottom. 

Status Use of bentonite as an additive to the materials for construction of liners for 
impoundments and disposal cells has been practiced for many years with varying degrees of 
success. Use of bentonite as an additive to an existing impoundment has been performed in 
limited cases (e.g., for sealing the containment of fish ponds or for sealing the containment 
of ponds used in landscaping). The author could not locate any cases were bentonites or 
other clays have been used to stop outleakage from impoundments that had been used for 
containing process liquids or wastes. 
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There are several apparent advantages in using bentonite to control the permeability of the 
containment of an impoundment. 

Material costs are relamly low. Assuming an application rate of 6 lb/fl?. material cost would 
be $0.5!5/ff. Other costs for application (materials and labor), procurement, assessment of 
the impoundment before and after, and design would be additional. 

Risks of application are minimal, if the bentonite should fail to attenuate the outleakage. The 
additional volume of material made by the bentonite could result in an increase of waste 
generated by final remediation of the site, depending on the alternative selected. Little, if any, 
excavation would be required for the application. Resources required for application would 
include off-the-shelf technology operated by existing labor forces. 

The bentonite layer could offer a degree of self-healing. 

Depending on the speciflc site conditions, the layer could offer limited isolation of the 
sediments on the bottom of the impoundment from wildUfe. 

Judging the effectiveness of the bentonite could be difllcult and would certainly not be exact. 

The bentonite might not work well on the sloped sides on an impoundment, unless the sides 
h t  received a layer of gravel. 

Sdence/Technology Needs: Performance of a controlled field test is needed to allow 
evaluation of the technology. If the technoiogy holds promise based on the first technology 
demonstrations, additional testing should be performed to develop design and construction 
requirements. 

Implementation Needs: Characterization is needed to identify the areas of the 
impoundment that are likely to be leaking. 

Authox W.T. Thompson/G 15-5746549 

References: Personal experience. 
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IN SITU CHEMICAL OXIDATION REMA-61-OZ 

EM Problem: Remedial action 

Y-12 Plant Problem: Ground water, surface water 

Problem Area/cwrstituents: Ground water, organics 

Refkneace Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specinc characteristics are provided for each 
technology, s p e a c  regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Destruction 

Technology In situ chemical oxidation. Implementation of in situ chemical treatment 
generallyrequires incorporation of the treatment reagent into the contaminated medium. The 
means by which this is done largely depends on the depth of the contamination. Conventional 
agricultural techniques can be used in cases where contamination is in the shallow 
subsurface zone. In cases of deeper contamination, the treatment reagent is typically 
introduced into the subsurface in an inNtration trench or injection well. The infiltration 
trench or injection well is often coupled with drains or production wells to induce flow of the 
reagent through the contamination. This “closed loop” approach can also be used to extract 
mobile contaminants from the subsdace and provides some degree of control of the 
migration of both contaminant and treatment reagent. 

With chemical oxidation, the oxidation state of a substance is mcreased through the loss of 
an electron. In many instances the intermediate products of chemical oxidation can be 
further oxidized if sufficient oxidizing reagent is applied. When hydrogen peroxide is used as 
the oxidizing agent, it is uncertain whether contaminant removal is the result of chemical 
oxidation or free radical destruction. It is well documented in the literature that in the 
presence of ferrous iron, hydrogen peroxide can undergo ca-c conversion to hydroxy free 
radicals (Fenton’s reagent). These free radical are known to be very strong, nonspednc 
reactive species, capable of destroying a wide variety of compounds. 

Status: Predemonstration. Chemical oxidation of organics with potassium permanganate 
and ozone has been demonstrated in aqueous matrices and, on a limited basis, with waste 
sludges. Demonstration. In situ chemical oxidation with hydrogen peroxide has been 
demonstrated at the field level ’Portsmouth X-231B Technology Demonstration) as an 
effective remediation technique for ‘ICE-contaminated soils and ground water. This approach 
included delivev of hydrogen peroxide to the contaminated subsurface using deep soil mixing 
and reagent injection equipment. 
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Sdence/Technology Needs: Soil characteristics such as moisture content, porosity, and 
particle size distribution are used to evaluate the ability to deliver reagents to the matrix. 
Waste characterization is used to determine the suitability of the material for in situ 
treatment and to select the appropriate oxidizing agents. Hydrogeological data are used to 
determine the ability to recover untreated or unreacted material and to determine injection 
locations. Chemical interactions are assessed to determine reagent dosage and its impact on 
the contaminants of concern and on other chemicals present. 

Implememtation Needs: The cost of this technology could vary depending on cost of the 
oxidants and required reagent delivery systems. The reagent delivery systems requirements 
vary depending on the depth to contamination and the hydrogeological characteristics of the 
contaminated site. Both potassium permanganate and hydrogen peroxide are commercially 
available and can be obtained without much Wculty. Although the application of in situ 
hydrogen peroxide oxidation only requires weak peroxide solutions, many vendors deliver 
higher strength solutions to be diluted prior to use. There may be handling, storage, and 
disposal problems with these higher strength peroxide solutions. Overall, the cost per unit 
volume of ground water treated would likely be low (a few $/lo00 gal). 

Autho~ Dianne Gates/6 15-576-0427 
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EM Problem: Remedial action 

Y-12 Plant Problem: Ground water, surface water 

Problem Area/Constituents: Ground water, inorganics, and radionuclides 

Refirence Requixexnm-. Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregukttory guidance. As site- and waste-specific characteristics are provided for each 
technolo@, spednc regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Chemical separation 

Technology: In situ precipitation. Various chemicals are available that could conceivably 
precipitate contaminants from ground water in situ, such as lime, iron sulfide, and iron 
Blings. Methods are available for injecting slurries into soil formations. 

Implementation of in situ chemical treatment generally requires incorporation of the 
treatment reagent into the contaminated medium. The means by which this is done largely 
depends on the depth of the contamination. Conventional agricultural techniques can be 
used in cases where the contamination is in the shallow subsurface zone. In cases of deeper 
contamination, treatment reagent is typically introduced into the subsurface in an infiltration 
trench. The formed material precipitates out in the trench, allowing eventual recovery of the 
material. 

Precipitation of metals occurs when the solubility product of the-ions forming the precipitate 
is exceeded in the solution. Metals may be precipitated as sulfides, carbonates, phosphates, 
and hydroxides, with sulfide precipitates being the most insoluble for several*metals, even 
at acidic pH levels. The extent of metal sulfide precipitation is a function of pH, type of metal, 
sulfide content, and interfering ions. 

Status: Redemonstration. Because of the innmtiveness of the delivery system and the 
uncertainties of the chemical reaction in the subsurface, the technology needs further 
development. 

Sdence/Technology Needs: The optimum treatment chemicals for various contaminants 
needs to be determined. Whether flow paths through the soil would remain open as metals 
are precipitated in situ needs to be determined. The long-term stability of the precipitated 
metals needs to be determined. The kinetic aspects of precipitation and dissolution reactions 
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involving metals in a soil system have not been well-characterized and may limit the 
effectiveness of this treatment technology. Chelating agents, other competing reactions 
(formation of soluble metal complexes) and the salt content of the waste may reduce the 
effectiveness of in situ precipitation. 

Ixnplemeatatinn Needs: A trench containing the chemical-causing precipitation would need 
to be located and installed in the down-gradient direction. It would probably be necessary to 
periodically replace the trench and the materials. The precipitated contaminants would need 
to be removed and treated further or disposed. Treatment costs would probably be relatively 
low, assuming that inexpensive treatment chemicals would work. 

Author: P A  Taylor/615-5741965 

References: Personal experience and discussions with Oak Ridge National Laboratory 
Chemical Technology Division staf€. 
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EMProblerm: Remedialaction 

Y-12 Plant Problem: Ground water, surface water 

Problem Area/Consthents: Ground water/surface water, organics, and inorganics 

R e f h s c e  Requirements Refer to Regulatory Compliance chapter of Vol. 1 for potentia3ly 
applicable proposed and promulgated environmental laws, signed and pending agreements 
for the Oak Ridge Resewation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement Treatment 

Alternative: Destruction 

Technology: N c i a l  wetlands. Ex situ bioaccumulation technologies include use of 
constructed or natural wetlands. Wetlands have been used for disposing and treating 
contaminated water since the 1950s in a wide variety of applications: municipal wastewater, 
industrial wastewater, storm water runoff, mine discharge and surface mine runoff, 
-cultural nonpoint source runoff, and ground water. Documented treatment effectiveness 
varies relative to the parameter in question (e.g., loading rates, detention times, flow-path 
length, and age of the system). Constructed systems are generally more effective than natural 
systems, because the hydraulics and detention times can be controlled and optimized. 
Natural wetlands may also become degraded as a result of contaminant additions and high 
loadings. Documented wetland treatment efficiencies range from 30% to 95Oh on an annual, 
mass-removal basis. 

Artificial wetlands provide treatment through physical -(sedimentation), chemical 
(precipitation and adsorption), and biological (adsorption, plant uptake, biodegradation) 
processes. Plant uptake consists of planting a plant species which concentrates the 
contaminant in a harvestable portion of the plant. The plant tissue is then removed 
seasonally and disposed. This is a fairly slow process, depending on the plant species used, 
the biomass produced, timing of the harvest, and the contaminant. In biodegradation, 
microorganisms use the contaminants (usually organic compounds and some inorganic 
compounds such as ammonial as part of their metabolism. 

Status: Predemonstration for inorganics, demonstration for organics. Artificial wetland use 
for synthetic organics such as toluene and xylene have been tested in laboratory-scale 
systems. 

Sdence/Technology Needs: The forms of potentially toxic contaminants and degradation 
products needs to be determined. Flow volumes and average contaminant concentrations in 
water and soil are used to assess potential loading rates. Climate conditions, such as the 
length of the growing season, the average winter temperature, the length of period when pipes 
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and ponds may k e z e  in winter, the summer evapotranspiration rate, and precipitation, are 
used to assess the effectiveness of the technology and to determine design parameters. Local 
surface and ground-water hydrology, such as topographic setting, water budget, depth to 
average and high ground-water table, ground-water chemistry, and distance to naturalwater 
bodies, also includes important variables. Soil conditions and organisms in the soil will 
determine the success of the technology or what type of additives are needed. 

Implementation Needs: The soil may need amendments to support vegetation. Microbial 
stimulation is accomplished by providing a conducive environment for growth. Properties that 
can be altered physically or chemically include temperature, moisture, oxygen content, 
carbon, nutrients, hormones, sunlight, enzymes, pH, availability of substrate compounds, 
solubility, competing organisms, concentration of organisms, and concentration of 
contaminants. Year-round vegetation cover needs to be maintained for maximum treatment 
and to avoid water and wind erosion and resultant contaminant mobilization. Artiacial 
wetlands typically reqdre a surface area of 4 to 12 ha/1000 m3 wastewater/day. 
Construction costs were about $100,00O/ha in 1990, and operating costs were low. 

Authoz PA. Taylor/615-574- 1965 

References: 

1. D A  Hammer, Constructed Weuandsfor Wastewater Treatment, Lewis Publishers, Ann 
Arbor, Michigan, 1989. 
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EM Problem: Remedial action 

Y-12 Plant Problem: Ground water, surface water 

Problem Area/Constituents Ground water, inorganics, and radionuclides 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-speciflc characteristics are provided for each 
technology, speciac regulatory requirements will be specifled. 

Subelement: Treatment 

Alternative: Chemical separation 

Technology: In situ ion exchange. Ion exchange is based on the use of specifically 
formulated resins and natural inorganic materials having an “exchangeable” ion bound to 
the resin with a weak ionic bond. If the electrochemical potential of the ion to be recovered 
(contaminant) is greater than that of the exchangeable ion, the exchange ion goes into 
solution, and the ionic contaminant binds to the resin. Chabazite zeolite, which is planned 
for the ORNL Process Waste Treatment Plant, is specific for %r and ‘=Cs. Other resins and 
natural zeolites are specific for other inorganics. These materials can be applied in situ 
through a trench-and-= chemical barrier. 

Status: Predemonstraiion. Ion exchange is fully developed, although applications have been 
very waste-stream-specific. Applications have included removal of radionuclides from power 
plant waste streams, recovery and removal of metals, and deior&ation/softening of process 
water. However, the application of ion exchange in situ has not been demonstrated. Issues 
of monito*g breakthrough of the resins, contact of the contaminants with the resin, locating 
the trench, potential for clogging the trench, and removing spent resins and regenerating or 
disposing of the resins need to be resolved. A field demonstration is currently being 
implemented at WAG 5 at Oak Ridge National Laboratory. 

Sdence/Technology Needs: Lab-scale treatability tests are used to provide data for resin 
selection and to provide estimates of contaminant loading. The presence of constituents such 
as organics, chelathg agents, and other significant ionic species that will compete for ion 
exchange sites also need to be assessed. The acidity and alkalinity of the water will determine 
the solubility of the metals and the effectiveness of the resin. The presence of potential 
clogging compounds such as total suspended solids will be used to determine the 
maintenance frequency. Locating the trench and determining the flow rates through the 
trench requires an understanding of the hydrogeology of the site. 

Implementation Needs. The most appropriate resin needs to be selected. An appropriately 
located trench needs to be constructed. Methods to limit fouling while allowing flow-through 
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need to be identified and implemented. Additionally, it may be necessary to optimize flow 
through the trench bed by modifying the ground-water flow velocity. Continual maintenance 
to control breakthrough of the contaminants and to remedy clogging will be needed. 
Monitoring of the ground-water condition, both before and after the trench, will be needed 
to assess effectiveness of the technology and to identify any needed operation modi8cations. 
Once the resin is removed from the trench, it must be either regenerated or disposed. 
Regeneration wlll produce a concentrated solution of the contaminant removed that will 
require either further treatment or disposal. Costs are unknown pending field tests. 

Author: Joseph Perona/615-576-9280 

References: 

1. Remedhl Investigation Plan for Waste Area Grouping 2 at ORNL, ES/ER-l4&Dl, Oak 
Rfdge National Laboratory, Oak Ridge, Tenn, December 1990 

2. M.D. Loizidou, RP. Townsend, zedites, Vol. 7, March 1987. 
3. S.M. Robinson et al., 'Ihe Development of a Zeolite System for Upgrade of the Process 
Waste Treatment Plant, ORNL/TM-12063, Oak Ridge National Laboratov, Oak Ridge, 
Tenn., Jdy 1993. 

September 1994 
Remedial Action 



ION EXCHANGE REMA-65OZ 

EM Problem Remedial action 

Y-12 Plant Problem: Ground water, surface water 

Problem Area/Constituents: Ground water/surface water, inorganics, and radionuclides 

Reference Requirements Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially appl id le  proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resenation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, spedfic regulatory requirements wil l  be specified. 

Subelement: Treatment 

Alternative: Chemical separation 

Technology: Ion exchange. Ion exchange is an ex situ volume and toxicity reduction 
technology to remove ionic species, principally inorganics, from aqueous waste streams. Ion 
exchange is based on the use of specifically formulated resins and natural inorganic materials 
having an "exchangezible" ion bound to the resin with a weak ionic bond. If the 
electrochemical potential of the ion to be recovered (contaminant) is greater than that of the 
exchangeable ion, the exchange ion goes into solution and the ionic contaminant binds to the 
resin. 

QpicaUy, four operations are carried out in a complete ion exchange cycle: service, 
backwash, regeneration, and rinse. In the service step, the ion exchange resin is contacted 
with solution containing the ion to remove. After a critical relative concentration of 
contaminant ion to exchange ion in solution is reached, the resin is said to be spent. A 
backwash step then is operated to expand the resin and to remove fines that may be clogging 
the bed. The spent resin is regenerated by exposing it to a very concentrated solution of the 
original exchange ion, so that a reverse exchange process occurs. The rinse step removes 
excess regeneration solution before the next service step. Chabazite zeolite columns are 
planned for the ORNL Process Waste Treatment Plant, to replace the Dowex HCR-S strong 
add cation resin currently used. Unlike the typical operation, spent zeolite would not be 
regenerated but stored as solid waste. Zeolites give the smallest volume of secondary waste 
of any ion exchangers found so hr. The zeolite is speciflc for 'OSr and 1s7Cs. Calcium 
competes with strontium for ion exchange sites. Other resins and natural zeolites are specific 
for other inorganics. 

Status: Accepted. The technology is fully developed, although applications have been very 
waste-stream-specific. Applications have included removal of radionuclides from power plant 
waste streams, recovery and removal of metals, and deionization/softening of process water. 
Promising applications include removal of cyanides from mixed waste streams and selective 
removal of heavy metals without complete deionization. 

September 1994 
Remedial Action 



ION EXCHANGE REMA-65-OZ * 

Sdence/Technology Needs: Laboratory-scale performance tests provide data for resin 
selection, estimates of resin loading and regeneration requirements, and other needed 
parameters for column design. Wastewater characteristics, such as the presence of competing 
ions or chelating agents, are used in the design of an ion exchange system. The solubuity of 
the metals and, hence, the effectiveness of the system is affected by the acidity/alkalinity of 
the wastewater. The presence of suspended solids may indicate the need for pretreatment. 

Implementation Needs: Resins exhibit different selectivities for specific contaminants. In 
a mixed contaminant stream, one metal may be effectively removed from solution while 
another will not. Ion exchange may be diilicult without pretreatment to remove organics, to 
destroy chelating agents, or to destroy the chelant metal bond. Pretreatment may also be 
needed to remove solids (to prevent blinding of the column), to modify the pH of the influent 
stream for optimum removal efliciencies, or to remove competing ions. 

The process yields a large volume of purifled solution, regenerated zeolite. and a concentrated 
solution of removed ions which can then be further processed for recovery or disposal. The 
system uses columns containing the resin and various pumps and piping to cany the waste 
streams and potentially new and spent resin. Cost (capital plus operatingl is estimated to be 
$!j-$10/1000 gal. 

Authoz Joseph Perona/G 15-576-9280 
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EM Problem: Remedial action 

Y-12 Plant Problem: Ground water, surface water 

Problem Atea/Constituenttx Ground water/surface water, organics 

Refkrence Reqdrements Refer to the Regu€atory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specinc regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Chemical separation 

Technology: Activated carbon. Liquid-phase adsorption technology encompasses those 
processes that use a solid material of high surface area or permeability to selectively adsorb 
organic contaminants from aqueous streams. Liquid-phase adsorption works on the principle 
that the concentration of certain organics will be higher on the surfaces of certain solids than 
in the bulk-liquid phase. The principal mechanisms involved in adsorption of organics are 
physical adsorption and chemisorption. Physical adsorption occurs between the dissolved 
compound and the surface because of weak atomic and molecular forces such as Van der 
Waal forces. Chemisorption involves a chemical reaction between the compound and the 
surface of the solid. Most adsorbents also possess ion exchange sites which involve the 
exchange of ions. Granular activated carbon is, by far, the most commonly used adsorbent 
and system used in industrial waste treatment applications. It is invariably used in packed 
column systems and is often regenerated. Contaminated water isgassed through the column 
until the key contaminant is detected at some predetermined level in the effluent. Usually two 
or three columns are placed in series, so that the first column can be loaded to its maximum 
capacity while residual levels of the contaminant are removed in the subsequent columns. 

Status: Accepted. Activated carbon is br'equently used for the treatment of organic-laden 
wastewaters. It is used in tertiary treatment for wastewater treatment plants and to treat 
industrial wastewaters. It also has been used significantly for treatment of hazardous waste 
streams. 

Sdence/Tecbnology Needs: Flow rate is used to size the system. The contaminant 
requiring removal determines the feasibility of the technology and the potential adsorbents 
to use. Final selection of the adsorbent is fkquently determined using treatability studies. 
Column tests are used to design a full-scale system using information on adsorbent usage 
rates and competitive adsorption effects. 

Implementation Needs: Some potential design parameters in a capacity of 15-100 gal/min 
and hydraulic loadings of 0.25-2.5 gal/min/d are needed. Linear flow rates may be 0.4 to 
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3 gal/min/sf cross-sectional area. Typical bed depths vary from 8 to 40 ft, with a 
height-to-diameter ratio of 2 : 1. An enclosed area is used to protect the carbon columns and 
ancillary equipment. A regeneration facility or disposal means for the used carbon is needed. 
A means of conveying ground water or surface water to the treatment facility is needed. 

The suspended solids content should be reduced to less than 50 mg/l which may require 
pretreatment. Oil and grease concentrations above 10 mg/l are generally undesirable because 
of fouling characteristics. Calcium or magnesium concentrations above 500 mg/l can 
precipitate out and foul or plug granular-activated-carbon columns. Cost (capital plus 
operating cost) is $1.20/1000 gal. Disposal costs could be significantly greater, 
$5-$10/1000 gal. 

Author: Joseph Perona/6 15-576-9280 
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EM Problem: Remedial action 

Y-12 Plant Problem: Ground water, surface water 

Problem Area/canstituentS: Ground water/organics 

Reference Requirememkx Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregdatory guidance. As site- and waste-specific characteristics are provided for each 
technology, spedfic regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Chemical separation 

Technology In situ activated carbon. Liquid-phase adsorption technology encompasses 
those processes that use a solid material of high surface area or permeability to selectively 
adsorb organic contaminants from aqueous streams. Liquid-phase adsorption works on the 
principle that the concentration of certain organics will be higher on the surfaces of certain 
solids than in the bulk-liquid phase. The principal mechanisms involved in adsorption of 
organics are physical absorption and chemisorption. Physical adsorption occurs between the 
dissolved compound and the surface because of weak atomic and molecular forces such as 
Van der Waal forces. Chemisorption involves a chemical reaction between the compound and 
the surface of the solid. Most adsorbents also possess ion exchange sites which involve the 
exchange of ions. Granular activated carbon is, by kr, the most commonly used adsorbent 
and system used in industrial waste treatment applications. 

In situ carbon adsorption occurs by ground water passing through a subsurface bed of 
carbon, usually placed in a permeable trench. Spent carbon will have to be removed from the 
trench and replaced with new or regenerated carbon. The spent carbon will need to be 
regenerated or disposed. 

- 

Status: Redemonstration. While carbon adsorption is an accepted technology, its in situ 
application is predemonstration. The uncertainties associated with controlling flow through 
the bed, controlling fouling of the bed, competing contaminants or ground-water constituents, 
and monitoring the condition and effectiveness of the carbon result in the need for further 
development of the technology. 

Sdence/Technology Needs: Infoxmation about the local hydrogeology is used to locate and 
size the trench(-). FLOW control may be used to optimize treatment. The contaminant 
requiring removal determines the feasibility of the technology and the potential adsorbents 
to use. Final selection of the adsorbent is frequently determined using treatability studies. 

Implementation Needs Costs unknown pending field tests. 
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Author: Joseph Perona/615-576-9280 
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EM Pxoblenx Remedial action 

Y-12 Plant Problem: Ground water, surface water 

Problem Area/Constituents: Ground water/surface water, organics 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
norregulatory guidance. As site- and waste-specinc characteristics are provided for each 
technology, spedflc regulatory requirements will be speded. 

Subelement: Treatment 

Alternative: Destruction 

Technolo= Biological oxidation. Aerobic biological wastewater treatment processes employ 
microorganisms, principally bacteria, that can use wastewater contaminants as part of their 
metabolism. The contaminants are thereby removed from the wastewater or transformed into 
a benign form. The primary mechanism of removal is oxidation with molecular oxygen serving 
as the oxidant or electron acceptor. The contaminant compounds serve as the electron donor 
and are typically referred to as substrates. The microorganisms ob- energy from mediating 
these redox reactions and use this energy to maintain cells and synthesize new cells or 
biomass. 

In addition to an energy source, the microorganisms need a source or carbon, nitrogen, 
phosphorus, and a wide variety of other trace nutrients in order to synthesize new cells. 
These nutrients must be either be present in the wastewater or added in s d c i e n t  quantity 
so that the limiting factor in the growth of the microorganisms is the concentration of 
contamjnant compounds. For a biological treatment process to effectively remove a given 
compound fiom a wastewater, an organism capable of using the compound as a substrate 
must exist and be able to proliferate in competition with the other microorganisms in the 
system. The culture of biomass that develops in the system will depend on the relative 
concentration of all the substrates in the wastewater and on the characteristics of the seed 
material used to provide the initial biomass during startup. Some compounds may be 
metabolized by many Merent organisms, while some require a specialized organism. These 
considerations make it difffcult to predict removals of specific compounds without performing 
bench-scale or pilot-scale studies. 

The main physical component of an aerobic biological treatment system is a reactor in which 
the wastewater and biomass are mixed together while maintaining favorable environmental 
conditions. Environmental conditions that affect the growth rate of microorganisms include 
the following: temperature, pH, nutrient availability, presence or absence of toxicants, and 
dissolved oxygen concentration. Two major categories of aerobic biological treatment systems 
for wastewater are suspended growth and attached growth. In suspended growth systems, 
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the microorganisms and the incoming wastewater are mixed in a tank called the aeration 
basin. Maintenance of high concentrations of biological solids in the aeration basin is 
accomplished by separating and recycling suspended solids from the aeration basin effluent. 
The separation of solids and wastewater is usually accomplished by gra~ty in a separate tank 
called a clarifier. In attached growth systems, most of the biomass is attached to a stationary 
medium that is submerged in the wastewater. This attachment serves to retain high 
concentrations of biomass and allows for long solids retention times. Attached growth 
systems usually require an external clarifier to remove excess solids from the fluent.  

Status: Accepted. The Oak Ridge National Laboratory (OWL) Sewage Treatment Plant (STP) 
treats wastewater by biological oxidation. Biological oxidation is routinely used to degrade 
water-soluble organics, but more rehctory contaminants, such as chlorinated solvents, may 
require specially designed treatment systems. 

Science/Technology Needs: Characterization of the wastewater to be treated is desirable 
when evaluating wastewaters for which there is little treatment experience. Characterization 
will help evaluate potential problems with toxicity. The chemical oxygen demand to ultimate 
biological oxygen demand (COD/BODu) ratio indicates the degradabilily of organics in 
wastewater. Treatability testing may be useful to accurately size aeration basins. However, 
most of this information is collected for design. Additional research is needed to assess the 
effectiveness of biological oxidation in the treatment of refractory organic compounds. 

Implementation Needs: If the existing plant is used, methods for collecting wastewater from 
the site and for transporting it to the STP are needed. The permit for the STP may need to be 
modified if large volumes of contaminated ground water are to be treated. The concentration 
of organics in the wastewater must be high enough to support biological growth. Treatment 
costs at the ORNL STP are about $O.Ol/gal. 

If a new treatment plant is built, the room to build the plant, the equipment and tanks, the 
chemicals, the solids handling facilities are all needed. 

Author: Paul Taylor/615-574- 1965 
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EM Problem: Remedial action 

Y-12 Plant Problem: Ground water, surface water 

Problem Atea/Constituents: Ground water/surface water-polychlorinated biphenyls 

RefiErence Requiremen- Refer to the'Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resewation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Destruction 

Technology: Anaerobic dechlorination. Anaerobic bacteria are capable of partially 
dechlorinating PCBs. Dechlorination involves breaking the chlorine-carbon bond. Organic 
chemical dechlorination uses chemical reagents or catalysts to remove chlorine atoms from 
a chlorinated hydrocarbon. Organic chemical dechlorination may reduce the toxicity of a 
chlorinated hydrocarbon and/or make it amenable to other forms of treatment. Several 
reagents for dechlorinating dioxins and PCBs have been developed. These reagents include 
alkali metal polyethylene glycolate salts (APEGs), including potassium polyethylene glycol 
(KPEG). The KPEG process is generally usefd on ex situ soils. Heat and excess reagent are 
required for soils containing more than seven percent moisture. Research work on other 
polychlorinated compounds, including DDTs and several other commercial pesticides, has 
shown that a catalyst can be used at room temperature to cause a rapid reduction reaction 
where chlorines on the organic compound are replaced with-hydrogen atoms. This is a 
Merent reaction mechanism than the APEG mechanism. However, the process does not 
completely dechlorinate most organic chemicals. The applicability of these technologies to 
wastewater is not known. 

Status: Predemonstration. Laboratoxy-scale tests have shown that higher-chlorination PCBs 
can be dechlorinated anaerobically. 

Science/Technology Needs: Better fundamental understanding of the biological and 
chemical processes involved in dechlorination is needed. The water characteristics (pH, 
temperature, conductivity, etc.) need to be assessed. 

Implementation Needs Improvements in degradation rates are needed before feasible 
treatment systems can be designed. Based on current experimental results, treatment costs 
will be very high because of the very low degradation rates. 

Authoc PA. Taylur/615-574 1965 
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EM Problem: Remedial action 

Y-12 Plant Problem: Ground water, surface water 

Problem Area/ccWstituenW Ground water, organics 

Refexence Requiremen* Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specinc characteristics are provided for each 
technology, specific regulatory requirements will be specined. 

Subelement: Treatment 

Alternative: Destruction 

Technolog~c In situ biological oxidation. Bioreclamation of the saturated zone uses water 
to deliver the electron acceptor, usually oxygen. Water amended with an electron acceptor, 
nutrients, and optional microorganisms is introduced into the contaminated ground-water 
zone via one or more injection wells to stimulate biodegradation. Extraction wells are 
nonnally used to pull amended water horizontally through the contaminated zone. The 
extracted water may require M e r  treatment. A variety of methods are available for 
delivering oxygen to the subsdace via recharge water. Air or oxygen can be transferred to 
water using an aboveground orin-well spargingsystem. The disadvantage of these techniques 
is the limited amount of oxygen that can be transferred to water. Use of hydrogen peroxide 
can greatly increase the oxygen-canying capacity of injected water since molecular oxygen 
is liberated during the natural decomposition of hydrogen peroxide. Hydrogen peroxide is 
toxic to bacteria at high concentrations, but microbial activiiy is not inhibited at dilute 
concentrations. Hydrogen peroxide at 40 mg/l of ground water is reported to release sufficient 
oxygen to sustain in situ biodegradation. 

Status: Demonstration. In situ bioremediation is being tested extensively at superfund sites 
for destroying organics in ground water. Fluids-cycling bioreclamation has been used most 
fi-equently to treat soil/water systems contaminated with gasoline, diesel, jet fuel, and BTEX 
such as at the Kaispel Construction Site in Horseheads, New York. Cometabolic 
biodegradation of chlorinated aliphatic solvents has been demonstrated using this process. 

Science/Technology Needs: To implement in situ aerobic biodegradation, the dissolved 
oxygen concentration must be greater than 1 mg/l and the minimum air-illled pore space 
should be about 10 percent. The redox potential should be greater than 50 mV, the pH 
between 4.5 and 8.5, and the carbon to nitrogen to phosphorus ration about 120:lO:l. 
Microbial toxicity and inhibition is also determined as is bacterial characterization. If native 
organisms are not present, cultured biomass must be added. Another issue is the particle 
size distribution. Variable waste composition and nonunifom particle size lead to 
inconsistent bioreclamation of contaminated media. 
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More control over the in situ addition/remaval process needs to be obtained. Studies to 
improve the contact between contamination, bacteria, and oxygen are needed. 

Implementation Needs: Development work would be needed to evaluate in situ treatment 
of Y- 12 contaminated ground water. In situ biological processes are usually considered to be 
relatively inexpensive. 

A means for injecting oxygen-laden water is needed along with a means of controlling the 
water movement through hydraulic controls, if appropriate. Nutrients and bacteria may be 
needed to supplement subsurface conditions. Nitrogen and phosphorus are most frequently 
the rate-limiting nutrients. 

Author: P A  Taylor/615-574- 1965 
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EM Problem: Remedial action 

Y-12 Plant Rob- Ground water, surface water 

Problem Area/Constituents Ground water, polychlorinated biphenyls 

Reference RequirementS: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resexvation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specinc characteristics are provided for each 
technology, specific regulatory requirements will be specifled. 

Subelement: Treatment 

Alternative: Destruction 

Technology: In situ anaerobic dechlorination. FCBs could be dechlorinated biologically or 
chemically. Anaerobic bacteria are capable of partially dechlorinating PCBs. Dechlorination 
involves breaking the chlorine-carbon bond. Organic chemical dechlorination uses chemical 
reagents or catalysts to remove chlorine atoms from a chlorinated hydrocarbon. Organic 
chemical dechlorination may reduce the toxicity of a chlorinated hydrocarbon and/or make 
it amenable to other forms of treatment. Several reagents for dechlorinating dioxins and PCBs 
have been developed. These reagents include alkali metal polyethylene glycolate salts 
(APEGs), including potassium polyethylene glycol @PEG). Most of these reagents are used 
on ex situ soils; potentially, they could be introduced into the contaminated ground water via 
injection with water. As with any in situ ground-water treatment technology, control of the 
reagents and the ground-water flow affect the overall effectiveness. 

Status Predemonstration. Laboratory-scale tests have shown that higher-chlorination PCBs 
can be dechlorinated anaerobically. Evidence from several sites suggests that these reactions 
have occurred naturally in PCB-contaminated sediments. 

Sdence/Technology Needs: Better fundamental understanding of the biological and 
chemical processes involved in dechlorination is needed. The aquifer soil physical conditions 
(permeability, density, particle size, etc.) need to be assessed to detexmine the potential for 
mixing reagents with the contaminated ground water. Also the ground-water characteristics 
such as pH, temperature, other organics, and conductivity will also assist in determining the 
effectiveness of the technology. However, first more information about the technology, 
especially if applied in situ, needs to be gathered through treatability studies. Its cost and 
effectiveness are not well understood. 

Implementation Needs: Methods must be developed to control the process and to greatly 
increase degradation rates. Better water characterization is needed. A means for injecting 
reagent-laden water is needed along with a means of controlling the water movement through 
hydraulic controls, if appropriate. 
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EM Problem: Remedial action 

Site Problem: Groundwater and surface water 

Problem Area/Constituents: Groundwater and surface water contaminated with organics 

Reference Requirements: Refer to “Regulatory Compliance,” Volume 1, (Pt. A, B, or C as 
appropriate) for potentially applicable proposed and promulgated environmental laws, signed 
and pending agreements for the Oak Ridge Reservation, radiation protection standards, DOE 
orders, and nonregulatory guidance. As site- and waste-specific characteristics are provided 
for each technology, specific regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Destruction 

Technology: Chemical oxidation. Chemical oxidation is used to remove a variety of 
wastewater constituents by converting the constituents to an insoluble form, a form that can 
be removed by further treatment, or a form that can be removed by complete degradation 
through oxidation. The cost-effective treatable concentration range is typically not more than 
5,000 ppm. Treatment chemicals need to be added in excess of the stoichiometric 
requirements. There are many oxidizing agents, but only a few are convenient to use. 
Common ones include chlorine-containing agents, ozone, permanganate, and peroxide. 
Ultraviolet radiation, in combination with the oxidant, can improve effectiveness. In 
particular, ultraviolet radiation has been found to increase the oxidizing power of peroxide 
and ozone. 

Chorine and chlorine-containing compounds such as hypochlorite are .the most widely used 
disinfectants. Chlorine oxidizes a variety of compounds such as ammonia, cyanide, sulfide, 
and mercaptans. Ozone is one of the most powerful oxidation agents available. It can oxidize 
a variety of organic compounds such as phenols, cyanides, organometallic complexes, and 
organic nitrogen compounds. Ozone is fed as a gas and must be generated on-site 
immediately before use because of its instability. Ozone is unstable and breaks down to 
molecular oxygen with a half life of 20 min. Ozone is also nonselective and is uneconomical 
for wastes with high chemical or biological oxygen demands. Hydrogen peroxide is used to 
remove sulfides, mercaptans, amines, cyanide, and lead. It is particularly effective for the 
oxidation of phenols. 

Status: In Use. Perox-Pure Advanced Oxidation Technology, developed by Peroxidation 
Systems, Inc., is an example of a successfully designed system that uses W radiation along 
with hydrogen peroxide. It has been applied at over 80 sites in the United States to treat 
contaminated groundwater, industrial wastewater, landfill leachates, potable water, and 
industrial reuse streams. Contaminants include chlorinated solvents, pesticides, 
polychlorinated biphenyls, phenolics, fuel hydrocarbons, and other organics ranging in 
concentrations between a few thousand mg/L to 1 pg/L. This technology was demonstrated 
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in the EPA SITE program at the Lawrence Livermore National Laboratory Site 300 Superfund 
Site. 

Ultrox International has also produced a successful system that uses U V  radiation, ozone, 
and hydrogen peroxide. The process oxidizes compounds that are toxic or refractory, resistant 
to biological oxidation, in concentrations of ppm or ppb. A system is fully commercial, with 
over 25 systems installed at various site cleanup activities. It was tested at a U.S. Department 
of Energy (DOE) site in Kansas City, Missouri, in which groundwater was treated for VOC and 
PCB contamination. 

Efficacy: The Perox-Pure system was demonstrated for the removal of trichloroethene (TCE) 
and tetrachloroethene (PCE) at concentrations of 1,000 and 100 pg/L, respectively, from 
40,000 gal of groundwater. Results showed removal efficiencies of about 99.9 and 99.7%. 
respectively, corresponding to effluent concentrations below 1 pg/L. 

Weaknesses: Oxidation may introduce additional pollutants into an effluent. Products of 
incomplete oxidation, such as chlorinated hydrocarbons, may be hazardous. Chlorine is not 
recommended for treating streams with high organic content as toxic chlorinated organics 
can be produced. Chlorine gas is toxic as an irritant and by inhalation. Human tolerance is 
1 ppm in air. The effluent produced during the SITE demonstration of the Perox-Pure system 
was acutely toxic in bioassay tests, even though the influent was not. Comparison of the 
effluent toxicity data to that of hydrogen peroxide residual in the effluent (10.5 mg/L) 
indicated that the toxicity may be a result of the hydrogen peroxide residual rather than 
treatment by-products. 

Wastes: No wastes are generated in ozone, chlorine, hydrogen peroxide, or W treatment of 
water. Treatment with potassium permanganate leaves manganese salts, which can be 
hazardous. - 

Science/Technology Needs: Degradation rates for specific organics in wastewater will need 
to be determined. Flow rates are identified to size treatment processes. Waste characterization 
is conducted to determine suitability of oxidation. The chemical oxygen demand (COD) 
predicts chemical requirements. The COD generally must be less than 5,00Omg/L for 
oxidation to be cost-effective. Oxidants are nonselective, so easily oxidizable nonhazardous 
material in the waste stream will increase the COD and possibly limit the use of oxidation on 
a given hazardous constituent. 

Implementation Needs: Treatment costs for dilute wastewater should be relatively low 
(<$O. lO/gal). Ozone generation has relatively high capital and operating costs compared to 
other oxidizing agents. UV-enhanced oxidation also results in relatively high capital and 
operating costs depending on the amount of wastes treated. The U V  lamps are susceptible 
to coating, which decreases efficiency. The number of bulbs required is proportional to the 
waste stream flow. 
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In general, more information to optimize the oxidizing agent used on site-specific wastewaters 
is needed. It is anticipated that treatment costs for dilute wastewater should be less than 
$0. lO/gal, except for ozone and W. Standard equipment and piping would be needed along 
with space for the treatment facility. 

Cost estimates for the treatment at the SITE demonstration of the Perox-Pure system at 
Lawrence Livennore National Laboratory, assuming only the two contaminants (TCE and 
PCE) were present, produced capital costs of $776,000 of which the Perox-Pure system’s 
direct capital cost is $55,000. Estimated annual operation and maintenance (O&M) costs 
were $111,000 of which the system’s direct O M  costs are $61,000. Total groundwater 
remediation costs were estimated at $1 1 per 1,000 gal of which Perox-Pure system direct 
treatment costs were $3 per 1,000 gal. 

Author: P.A. Taylor/615-574- 1965; Todd DiNoia, R. L. Fellows/615-576-5632 
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EM Problem: Remedial action 

Y-12 Plant Problem: Ground water, surface water 

Problem Area/Constituents: Ground water, inorganics 

Refkrence ReqairemMts: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resexvation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specinc characteristics are provided for each 
technology, spedffc regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Chemical separation 

Technology: In situ biomedia adsorption. In situ biomedia adsorption operates on the same 
principals as ex situ adsorption. However, the resins loaded with microorganisms are placed 
in a trench below the water table. The contaminated ground water flows through the media 
and contaminants bioaccumulate on the media. Issues that currently limit this technologies 
application include controlling the flow of ground water so there is sufficient contact time to 
allow bioaccumulation and keeping the microbes alive buried in the subsurface. This 
technique is especially dimcult in fiactured flow zones and is not useful for remediation of 
deep ground water. 

Statas: Predemonstration. Bioadsorption is an accepted technology but the use of resins to 
accumulate microbes and the trench and fill method of content are both predemonstration. 

scienCe/Technology Needs: Characterization of contaminant concentrations and variations 
with season and rainfall along with uptake experiments are required to provide data for Geld 
tests. Application of this technology requires better charactenization of hydrology. 

- 

Implementation Needs: Costs are unknown pending engineering development and field 
tests. A means of replacing microbes frequently is needed and is a way to minimize or prevent 
clogging at the subsurface drains. 

Autlmz Joseph Perona/6 15-576-9280 
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EM Problem: Remedial action 

Y-12 Plant Problem: Ground water, surface water 

Problem Area/conStitnents Ground water/surface water-nitrates 

Refkrence Requirements Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resewation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

SubeIememt: Treatment 

Alternative: Destruction 

Technolo- Biological denibiflcation. Suspended-growth denitrification is usually carried 
out fn a plug-flow Qpe of activated sludge system. It can follow a process (nitrification) that 
converts organic nitrogen and ammonia to nitrates. The bacteria oxidize an organic carbon 
source, which must normally be added, and simultaneously reduce nitrates to nitrogen gas. 
Nitrified effluents are usually low in carbonaceous matter and so methanol is commonly used 
as a carbon source. Because the nitrogen gas formed in the deniWication reaction hinders 
the settling of the solids, a nitrogen-gas stripping reactor may have to precede the 
denitrlfication clarifier. 

Fixed-- denibification is canied out in a column reactor containing stone or one of several 
synthetic media upon which the bacteria grow. Depending on the size of the medium, this 
process may or may not need to be followed by a clarifier. Periodic backwashing is necessary 
to prevent solids buildup in the column that can cause excessive head loss. As in the 
suspended-growth deniW3cation process, an external carbon source is usually necessary. 

Status Accepted. The Oak Ridge Y-12 Plant has operated a full-scale treatment system to 
biologically denitrify high-concentration nitrate wastewater. Denitrification of 
low-concentration nilrate wastewater is commonly done at larger sewage treatment plants. 

Sdence/Technology Needs: Treatment rates would need to be determined for specific 
wastewater streams. 

Implementation Needs: None, technology in use. If additional streams are added depending 
on the other contaminants, it may not be desirable and/or possible to transfer wastewater 
to they- 12 denitrification system. Experimental tests to determine treatment rates on specific 
wastewater streams would then be needed to modi@ or build another treatment system. 
Treatment costs for low-nitrate-concentration wastewater have been <$0.20/gal. 
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EM Problem: Remedial action 

Y-12 Plant Problem: Ground water, surface water 

Problem Area/Constituents: Ground water/surface water, volatile organic compounds 

Rederence Requirements Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge mewation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specinc characteristics are provided for each 
technology, speciflc regulatory requirements will be specined. 

Subelement: Treatment 

Alternative: Physical separation 

Technology: Air stripping. Air stripping for water remediation normally uses packed towers. 
Extensive literature acists on the stripping of organics from ground water; also, the stripping 
of a solute from a liquid phase is a standard industrial process. Air stripping phenomena 
involves the transfer of a solute from a liquid phase to a gas or vapor phase. Treatment of the 
emuent air from an air stripping process is frequently necessary. Air stripping of water is 
typically accomplished by countercurrent extraction in a packed tower equipped with an air 
blower. Variations include the cross-flow tower, air pulled by fan across a downward flow of 
liquid; the coke-tray aerator, liquid flowing through layers of coke trap; and aeration basins, 
liquid sprayed through the air. The purpose of the packed tower is to increase the contact 
surface between air and water the cleanest air contacts the cleanest water at the bottom of 
the tower, allowing the treated water flowing downward to reach very low levels of 
contamination. - 

Status: Accepted. Air stripping is a proven treatment technique for VOC removal and is used 
extensively in pilot- and large-scale water remediation systems.’” Air stripping is considered 
by EPA to be a best available technology? 

Sdence/Technology Needs: A thorough characterization of the contaminated water, 
including identitication of the chemical species present, is necessary for the successful design 
of air stripping systems. Iron and carbonates can foul the air stripping unit. 

Emission controls may be required for the effluent air stream, depending on the nature of the 
contaminate and the applicable environmental regulation and administrative policies. The 
effluent water is usually treated, so that regulations concerning its discharged to surface 
waters are maintained. 

Implementation Needs: Design of an air stripping system with and without emission 
controls is available &om several private f m .  Emission control by activated carbon 
adsorption is typical. Fouling of the air stripping tower is a well-known phenomena, and 
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procedures for cleaning the tower packing and internals should be part of the operational 
plan; an alternative to this periodic cleaning is pretreatment of the influent water to prevent 
iron oxidation and precipitation, the prime cause of air stripper fouling. 

Operating cost for air stripping greatly depends on the flow rate of the water to be treated and 
the contaminant concentration. For a water flow rate of 100 gpm contaminated with 0.1 ppm 
benzene, the estimated cost per 1000 gal for 99% removal is $4.10 (with emission conixol) 
and $3.20 (without emission control): at a flow rate of 1000 GPM with similar contaminate 
concentration and removal efficiency, the estimated cost per 1000 gal is $2.20 (with emission 
control) and $0.60 (no emission control)? 

Author: RM. Counce/G 15-574-6857 
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EM Problem: Remedial action 

Y-12 Plant ptoblem: Ground water, surface water 

Problem Area/Constituen~ Ground water/surface water, volatile organic compounds 

Rehence Requirements Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, speciac remtory requirements will be specified. 

Subelement: Treatment 

Alternative: Physical separation 

Technolow Steam stripping. Steam strippers are usually operated at elevated temperatures 
(100OC) and atmospheric pressure. At this temperature, the vapor-liquid equilibrium ratio of 
the organic solute (m) is increased, thus enhancing its transfer from the liquid phase to the 
vapor phase. The vapor-liquid equilibrium ratio is the ratio of the vapor/gas phase 
composition of a solute to its composition in the liquid phase. At 100°C, many organic 
compounds may be stripped effectively that cannot be effectively stripped at ambient 
conditions. Based on the vapor-liquid equilibrium ratio of an individual solute, some 
guidelines for stripping effectiveness may be established: 

log(m) < 1 
1 < log(m) e 2 
2 e log(m) 

ineffective 
strippable 
effective 

The vapor-liquid equilibrium ratios for several organic pollutants are presented by Hwang et 
al? If the condensed vapor-phase separates into separate organic and aqueous phases (low 
solubility of organic in the aqueous phase), then a very attractive removal system for organics 
is available; otherwise, the stripping will, at best, only concentrate the organic in yet another 
aqueous phase. 

Status Accepted. Steam strippers have been used in industq for many years.'2 

Sdence/Techndogy Needs: A pilot-scale demonstration to confirm design objectives is 
necessary for treating Y- 12 Plant ground water and surface water contaminated with VOCs. 
A thorough characterization of the contaminated water, with identification of the chemical 
species present, is necessary for successful design of the steam stripping system. It is also 
necessiLly that the vapor-liquid equilibrium ratio for each organic contaminant be available 
or be estimated for the design process to proceed on a sound basis. 
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Provision for on-site accumulation and disposal of the condensed organic phase will be 
necessary. The aqueous-phase condensate is normally recycled to the stripper. 
Demonstration activities should provide for chemical analysis of individual species identined 
in the original ground-water survey as well as total carbon analysis; this analysis should be 
performed on all streams entering and leaving the stripper/condenser system, so that 
individual and total carbon mass balances may be determined. Proper disposal of the 
condensate phase(s) should be demonstrated. 

Imple!mentation Needs: Design of a steam stripping system is available from several private 
firms. Operating cost information for steam stripping system treating 100 gpm was estimated 
by Parmele and Allen4 to be @/lo00 gal. 

Author: RM. Counce/6 15-574-6857. 

1. Y.L. Hwang, G.E. Keller, and J.D. Olson, “Steam Stripping of Organic Pollutants from 
Water. 1. Stripping Effectiveness and Stripper Design,” Ind Ehg. Chem. Res., 31, 
p. 1753, 1992. 

2. S.Q. Hassan, and D.L. Timberlake, “Steam Stripping and Batch Distillation for the 
Removal and/or Recovery ofvolatile Organic Compounds from Industrial Wastes,” J. Air 
Waste Mange. Assoc., 42,936. 1992. 

3. Y.L. Hwang, G.E. Keller, and J.D. Olson, “Steam Stripping of Organic Pollutants from 
Water. 1. Stripping Effectiveness and Stripper Design,” Ind Eng. Chem. Res., 31, 
p. 1759, 1992. 

4. C.S. Pannele, R.D. Allen, and M. Mehran, “Steam-Regenerated Activated Carbon: An 
Emission-kee, Cost-Effective Ground Water Treatment Process,” Emir. h-ogress, 5, 
p. 135, 1986. - 

September 1994 
Remedial Action 



SOIL VAPOR EXTRACTION REMA-78-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Soils/sediments 

Problem Area/Constituents Volatile organic compounds 

Re€krence Requirements Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, s p e d c  regulatory requirements will be specified. 

Subelement: Treatment 

Altemative: Physical separation 

Technology: Soil vapor extraction (SVE). This technology, also called in situ air stripping or 
enhand volatifization, is a proven in situ method for removing volatile organic compounds 
from a soil matrix It uses vacuum wells to induce a flow of air through the soil to remove 
volatile compounds. The system consists of a network of wells with perforated well screens 
potentially extending into the Gound water. These wells are packed with gravel and sealed 
at the top with bentonite to prevent short-circuiting. The extraction wells are connected to 
the suction side of a vacum extraction unit through a surface collection manifold. The 
vacuum extraction unit induces a flow of air from the subsurface into the extraction wells. 
As air is pulled through the soil, contaminants are volatilized from both the soil and the water 
in pore spaces. The vacuum not only draws vapors from the unsaturated zone, but is also 
decreases the pressure in soil voids, thereby causing the release of additional VOCs. The 
extracted vapor flows through the surface collection manifold -and is either vented to the 
atmosphere, connected to a vapor-phase carbon absorption system, or flared, depending on 
the nature and extent of VOC contamination. 

Experience has shown that 50 percent of the VOCs are typically removed in the first 10 
percent of operating time. Up to 98 percent removals has been reported however, total 
removal is not possible with this method. The time for completion is variable depending on 
the contaminant volatility, contaminated zone geology, and the soil permeability. Ten days 
to 3 years to achieve maximum removal have been reported. Soil vapor extraction is typically 
applied using errtraction wells but has been demonstrated at the DOE PORTS site using a 
combination of deep soil mbdng and vapor extraction to a surface shroud. 

Status: Demonstration. This technology is commercially available and has been 
demonstrated at several contaminated sites. 

Sdence/Technology Needs: The improvement of soil vapor extraction by introducing 
hydrofractures to the subsurface warrants evaluation and further study. 
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Wormation about contaminant volatility, vapor pressure, and Henry‘s Law constants Kd 
(adsorption coemcient) are all required to determine the mass transfer rate between the liquid 
and vapor phase contatned in the soil. The total mass of contaminants will be used to 
estimate the required air flow rate and treatment time (amount of air treatment) required the 
contaminant concentxations will be used to determine the rate of removal and off-gas 
treatment needs. The porosity and permeability, or hydraulic conductivity, of the soil affect 
the rate of remwal. Additionally, high natural-organic-carbon soil may retard SVE. The 
lateral and vertical extent of contamination is needed in order to site the placement of the 
wells. 

The development needs for SVE application to ground water are high. So far, the effectiveness 
of SVE decreases with increasing soil moisture. It can be used after the water table is 
lowered. A means for introducing air into the subsurface water in sumcient quantities to 
promote stripping of VOCs is needed before this technology is applicable to ground-water 
remediation. For those applications, sites need to be open enough to allow well placement at 
distances of 15-100 ft. Capping may be required to direct air flow through the extraction 
wells. On-site storage and/or treatment of extracted water-organic mixtures may be needed. 
Some type of gaseous treatment will also be needed. 

Soil vapor extraction is most efficient in high conductivity soils. The need exists to improve 
an implementation at sites having fine-textured soil. 

Implementation Needs: Commercial vendors are available who can design and operate soil 
vapor extraction systems for soil remediation. 

Author. Olivia West/615-576-0427 

1. G.R Allen and D.L. Anderson, “Case Study: Vacuum Extraction to Remediate 
Contaminated Soil-Selection of Optimum Extraction and Emission Control Equipment,” 
proceedings of the 1992 US. E P A / A & W  I- * nal Symposium on In Situ Treatment 
of Contaminated Soil and Water, pp. 278-290, Dublin, Ohio, 1992. 

2. G.P. Treweek and J. Wogec, “Soil &mediation by Air/Steam Stripping,” Pmceeckg of the 
F@h National Conference of Hazardous Wastes and Hazardous Materials, pp. 147-153, 
1988. 

3. 0.R West, RL. Siegrist, H.L. Jennings, A.J. Lucero, S.W. Schmunck, D.W. Greene, 
“Laboratory Ehaluation of in Situ Vapor Stripping,” Reportfrom the X-231B Projectfor 
In Situ ZleabneM of Clay Soils Contaminated by Volatile Organic Compounds and 
Radioactiue Substances, ORNL/lM- 12260, Oak Ridge National Laboratoxy, Oak Ridge, 
Tenn., 1993. 
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CRYOGENIC IMMOBJUZATION REMA-79-02 

EM Problem: Remedial action 

Y-12 Plant Probfem: Ground water, surface water 

Problem Area/Constituents Ground water, radionuclides, and organic compounds 

Reference RepuirementS. Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resewation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, spednc regulatory requirements will be specified. 

Subelement: Treatment 

Alternatfve: Fimtion 

Technology: Cryogenic immobilization. This technology is used to freeze 
radionuclide-contaminated water and soil. A series of interconnected double pipes are placed 
in the region where immobilization is desired. As coolant is circulated through the piping 
network, fi-ee water in the soil is frozen resulting in the formation of a frozen block. 
Contaminants in the frozen "free water" are effectively immobilized using this technology. The 
presence of the subsurface frozen barrier can also impend the infiltration or migration of 
contaminants. 

Status: Demonstration. Ground freezing has been employed in Civil Engineering practice for 
many years. Most applications have been for short periods for structural (mine/tunnel shaft) 
support. With cryogenic immobilization of radionuclide-contaminated ground water, much 
longer durations of ground k i n g  are desired. This technology will be of most benefit for 
containment of short lived radionuclides such as tritium. Its application at the Y-12 Plant 
may be limited to temporary containment. 

Sdence/Tecbnology Needs: The applicabuity of ground freezing over long periods and the 
impact of soil integrity need to be evaluated. Also, the range of soil conditions in which this 
technology applies and possible amendments to soils outside this range need to be 
investigated. The soil moisture regime may require prewetting of soil to increase soil water 
content to acceptable levels for freezing. Time domain reflectometry (TDR) has excellent 
application for measuring in real time moisture kont migration. Furthermore, Smith (1982) 
has reported use of TDR to determine ice/water content of frmen soil during active freezing. 
TDR possibly used to determine closure of ice wall. A demonstration of this technology for 
containment of tritium contaminafed ground water is planned at WAGS, O m .  

Geotechnical investigation must closely focus on the ground-water conditions; how much 
water and where the water is flowing: ground-water chemistry. Seepage velocities above 
1-2 m/day can present problems. 
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Implementation Needs: The materials required for ground freezing are commerdally 
available and easily obtained. The selected site would need to be serviced with s d c i e n t  
electrical power to operate reftigeration units. With cryogenic immobilization initial cost can 
be high. Over 80% of the initial cost associated with this technology is due to the cost of 
drilling for fieeze pipe installation. The energy required for this technology decreases 
si@cantly once the initial freezing is accomplished. The technology was found to be 
economically feasible when compared with in situ slurry wall formation.’3 

To date, ground-freezing techno1og)r has usually been applied over the short term. A cryogenic 
barrier must function for long periods of time. Maintenance of the freezer pipe system to 
prevent long-term leaks and brine pockets must be considered. The cost evaluation should 
examine purchase and amortization of entire cryogenic hardware (refrigeration unit, freeze 
pipes, headers, instrumentalion). 

Need to develop automated temperature profile scanning of freezer pipes and soil to evaluate 
possible long-term water (heat) erosion of ice wall. 

Should consider horizontal directional drilling for installation of instrumentation using 
SEAMIST technology, thermocouples or thermistors, sonic wave profiling, deploy wave guides 
for TDR 

Author: Dianne D. Gates/G 15-576-0427; Joe Kauschinger/404-992-3538 
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THERMALLY ENHANCED SOIL VAPOR EXTRACTION REMA-80-OZ 

EM Problem: Remedial action 

Y-12 Plant Problem: Soils/sediments 

Problem Area/Constituents: Volaae organic compounds 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resewation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Treatment 

Altemative: Physical separation 

Technologp: Thermally enhanced soil vapor extraction. This technology is a variation on soil 
vapor errtraction. It uses the co-injection of steam or hot air to provide local heat to enhance 
the removal rates over SVE. Otherwise, it is similar to SVE (see REMA-78-02'). 

Status: Demonstration. This technology is commercially available and has been 
demonstrated at several contaminated sites. With this technology, hot air or steam is injected 
into contaminated subsurface regions, and avacuum is applied to create air flow through the 
vadose zone, so that air confaining volatile organic contaminates can be removed from sites 
with contaminated ground water. This technology is typically applied using extraction wells 
but has been demonstrated at the Portsmouth Gaseous Diffusion Plant using a combination 
of deep soil mixing, hot air injection and vapor extraction to a surface shroud. 

sdence/Technology Needs: The improvement of soil vapor extraction by introducing 
hydrofkctures to the subsurface warrants evaluation and further study. 

- 

Information about contaminant volatility, vapor pressure, and Henry's Law constant are all 
required to determine the mass transfer rate between the liquid and vapor phase contained 
in the mil. The total mass of contaminants will be used to estimate the amount of air 
treatment required; the contaminant concentrations will be used to determine the rate of 
removal and off-gas treatment needs. The porosity and permeability, or hydraulic 
conductivity, of the soil effect the rate of removal and may deet the amount of heat added 
to the system. Additionally, high soil carbon may retard SVE. The lateral and vertical extent 
of contamination is needed in order to site the placement of the wells. 

The development needs for thermally enhanced SVE application to ground water are high. 
So fm, the effectiveness of SVE decreases with increasing soil moisture. It can be used after 
the water table is lowered. A means for introducing heat and air into the subsurface water 
in sufficient quantities to promote stripping of VOCs is needed before this technology is 
applicable to ground-water remediation. For those applications, sites need to be open enough 
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to allow well placement at distance of 15-100 R Capping may be required to direct air flow 
through the extraction wells. On-site storage and/or treatment of extracted water-organic 
mixtures may be needed. Some type of gaseous treatment will also be needed. A means of 
heating the air or creating steam is required. 

Implexmntation Needs: Commercial vendors are available who can design and operate soil 
vapor extraction systems. 

Authoc Dianne D. Gates/615-576-0427 
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HORIZONTAL MIXED IN-PLACE REMA-81.9Z 

EM Problem: Remedial action 

Y-12 Plant Problem: Buried waste 

Problem Area/Constituents Low-level waste, metals, organics, mixed waste 

Reference Requirementtx Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specinc regulato~~ requirements will be specified. 

Subelement: Containment/isolation 

Alternative: Structural stabilization 

Technology: Horizontal mixed in-place 

Status: The horizontal mixed in-place (HMIP) method is a relatively new technology based 
on well-established techniques of directional drilling and jet cutting. The process would 
involve directional drilling from the surface away from the buried waste area. Once the 
horizontal borehole is formed, a plastic pipe (polyvinylchloride, SEZAMIST plastic membrane) 
can be inserted into the hole to maintain stability. Then the jet cutting/mixing phase would 
commence. 

The jet cutting phase can be used to inject a variely of grouts, chemical agents, and biomass. 
For Instance, inundated biological waste can be stabilized in situ using chemical grout. This 
will solid@ the biological waste in situ and render the pollutant immobilized. Alternatively, 
the jet cutting can be used to inject steam and/or peroxides to chemically burn biological 
material. 

Because directional drilling and water cutting equipment are located off the buried waste 
area, issues related to tractability of the site are of little concern. Also, jet cutting technology 
can easily rupture plastic bags and cardboard boxes to assure intimate mixing of the 
chemicals (grout, peroxide) with the waste. Obstructions, such as construction debris and 
steel drums, can be penetrated using a variety of in-hole drill bits. 

Techniques such as deep soil mixing (mechanical mkingl suffer for need of a large crane, 
which requires a relamely level site with excellent tractabuity characteristics. Furthermore, 
containerhation of the waste is problematic for the mking augers, because steel drums and 
plastic bags can become entangled within the augers. Worker risk is much higher, because 
all activities must be conducted over the buried waste. 

Sdence/Technology Needs: Buried waste represents a significant challenge for 
environmental restoration at the Y-12 Plant. It may be proposed that an integrated 
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demonstration be conducted of horizontal directional drilling for both site characterization 
(see SEAMIST technology under site characterization) and permanent in situ stabilization of 
buried waste. The cold trench would be impregnated with surrogate tracers and used to 
evaluate site characterization instrumentation package and the stab-tion method. 

Concurrent with the site characterization stage is a laboratory study to identify tracer 
components contained in leachate and smear samples retrieved from SEAMIST 
instrumentation. Leachate will be used in grout/waste compatibility studies to identify 
candidate grout formulations which can be used as stabilizing agents. Grout characteristics 
will be: high strength in the presence of organics and chemical species found in leachate, 
fluid that permits grouted waste to be uniform, and dense grout that sets rapidly to prevent 
ejecting cuttings fiom the borehole. 

The most compatible grout ( h m  lab study) will be injected using high velocity (1000 fps) jet 
cutting technology. A grouting lance will be placed inside the SEAMIST membrane. A high 
velocity grout will cut away the membrane and mix the cold trench waste with a stabilizing 
agent. Several jet cutting techniques will be examined for effective grouting of biological 
waste. Once grouted material has cured, cold trench will be excavated to expose stabilized 
waste. Complete segments of stabilized material will be removed from the trench and brought 
to the laboratory for testing. 

Implementation Needs: At present, control of cuttings ejected during directional drilling is 
somewhat problematic. Complete control of surface spoil is impossible. Development and 
manufacture of a reverse circulation, down-the-hole motor for directional drilling would be 
a significant enhancement to the drilling phase for excellent control of ejected spoil. The 
combined affect of working away h m  the buried waste area and complete control of the 
ejected spoil would assure minimal worker exposure and greatly reduce environmental risk. 

References: 
1. Mallon, B., Martins, S. A, etal., “SEAMISTSoil SamplingforTritiated Water, FirstYears’ 

2. Science and Engineering Associates, SEAMS” application literature, Santa Fe, N. Ma, 
Results,” Sixth National Outdoor Conference, Las Vegas, Nev., May 9-13, 1992. 
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SURCHARGE REMA-82-OZ 

EM Problem: Remedial action 

Y-12 Plant Problem: Buried waste 

Problem Area/Constituents: Low-level waste, metals, organics, mixed waste 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-spedc characteristics are provided for each ' 
technology, spednc ~gulatory requirements will be specified. 

Subelement: Containment/isolation 

Alternative: Structural stabilization 

Technology: Surcharge. The technique involves use of a mandrel to push into place 
disposable geotextile drains, which increase the rate at which water is removed from 
low-permeability material. The surcharge (soil fill) is placed incrementally at the surface and 
is used to create pore fluid gradients within the subsurface mateIial. As the water drains, a 
decrease in the volume of the subsurface material occurs. The decrease in volume results in 
an increased stabuity and a decrease in hydraulic conductivity. No air pollution problems 
result. 

Surcharge with geotexoue drains is a support technology for placement of multilayered caps. 
Increased waste stability will reduce to tolerable levels the shear distortions in the compacted 
clay portion of a multilayer cap. 

This technique does not decrease the solids volume of waste,nor does it decrease waste 
conductivity to deem the waste immobilized. Another drawback is related to the creation of 
hydraulic gradients within the waste, which would tend to cause soluble components of waste 
to migrate as water moves out of the waste. 

Sfatus: Demonstrated. Surcharge with geotextue drains has been used for the past 15 years 
in civil engineering as a means to increase the strength and decrease the compressibility of 
very soft clay soils, even soils that are highly organic. The main use of surcharge with drains 
is to accelerate the consolidation of the waste which decreases waste compressibility. 

Sdence/Technology Needs: Technology is widely used commercially, and off-the-shelf 
equipment is readily available. 

The need exists to develop different installation techniques for soft and shallow buried waste. 
A possible need exists to redesign geotextUe drain, so that a drain can be placed on the 
outside of an installation mandrel. Thereby, the geotextile drain acts as a protective cover 
over the mandrel. 
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Implementation Needs: A demonstration project is needed. Operational worker hazards are 
related to the mandrel which must pierce the waste and then be removed to the surface after 
being exposed to the waste. Field demonstration and monitoring: $0.40M. 

Author: J o ~  Ka~s~hinger/404992-3538 

References: 
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SLURRY WALL WITH HIGH-DENSITY 
POLYETHYLENE INSERT RE MA-83-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Buried waste 

Problem Area/Constituents Low-level waste, metals, organics, mixed waste 

Reference Requirements Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Containment/isolation 

Alternative: Walls 

Technology: Sluny wall with high-density polyethylene insert. A hydraulic barrier, based 
on sluny trench technology, involves installation of an interlocked high-density polyethylene 
(HDPE) screen within a panel-type slurry wall. The HDPE screen consists of a double-liner 
membrane sandwich with a core of geonet which acts as a leachate collection/leak detection 
system. Panel construction is adaptable to any plane geometry and can be installed easily to 
depths of 100 ft. A panel-type wall prevents system-wide failure of the entire cutoff wall. 
Single panels are isolated wall segments that can be sealed in the event of leakage by 
injecting grouts into the geonet core. Alternately, the geonet can be used to collect leachate. 
The integrity of the liner can be determined over time by surcharging geonet with water and 
measuring leakage rates. A Water-flUed geonet can also be used as a hydro-barrier, wherein 
seepage out of the wall prevents contaminant migration through the wall. 

Status: Demonstration. The technology has been used on a few test projects in Europe. The 
insert wall has never been constructed in the United States. The estimated cost for 
construction is $30-$5O/rt2 of cutoff wall. 

sdence/Technology Needs: A demonstration project is needed to document operational 
problems with the insert wall and to monitor performance as a hydrologic barrier. 

Implementation Needs: Implementation needs include a test demonstration wall consisting 
of an enclosed area measuring about 100 ft on each side. The wall should terminate in an 
impervious layer to prevent under-seepage and should assure that boundary affects are 
eliminated h m  the evaluation of cutoff wall efficiency. Piezometers should be installed inside 
and outside the wall to evaluate the hydraulic efficiency of the cutoff. Pump tests need to be 
performed on the cutoff wall by lowering the water level contained by the wall perimeter. 

During the demonstration, the need exists to examine excavation procedures which minimiz e 
waste generation and surface contamination. Common grab excavation is unacceptable 
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because of slurry spillage at the surface. The need exists to consider using biopolymer drilling 
fluids (biodegradable) or a cement-bentonite drilling system (self-hardening). Reverse 
circulation drllllng systems should be examined for possible use in forming the secant pile 
wall. Reverse circulation drilling will help to minimize worker exposure and to reduce 
environmental risks. 

Before field work, laboratory study is needed to select the proper backffll mixture (soil 
bentonite, cement bentonite, etc.). 

The buried waste fmility will require installation of seepage cutoff as part of the Record of 
Decision. The need exists to perform site characterization studies to locate uncontaminated 
soil which has the same stratigraphy as the buried waste site. A soil testing lab is needed to 
screen candidate backfill material. Cost is expected to be $2M-$3M over a 1-year evaluation 
period. 

Author: Joe Kauschinger/404992-3538 

1. C a d ,  Nicholas, Enuirorunental Cut-c?gand Drain, U.S. Patents No. 4,741,644, May 3, 

2. Cavalli, Nicholas, hrvironmental Cuk-c?&’forDeep Exawatto ’ ns,U.S. PatentNo. 4,601,615. 
3. G E O L O C K T e c ~ :  HDpE-linedslury Trench, corporate brochure, Bachy, Inc., 1989. 
4. Rodio-SLT, Diaphtcrgm WaU for Pdlution Prevention in Waste Disposal, Rodio Impresa 

Construzioni Speciali S.p.a., Internal Report 20,972, Casalmaiocco (Milano), Italy, 
June 16, 1989. 

1988. 
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HYDROMILL REMA-84-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Buried waste 

Problem Atea/Constitu~ts: Low-level waste, metals, organics, mixed waste 

Re&rence Requhments Refer to the RegulatoIy Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregdatory guidance. As site- and waste-speciflc characteristics are provided for each 
technology, specific regulatory requirements will be specifled. 

Subelememk Containment/isolation 

Alternative: Wall 

Technology: Hydromill. This is an excavation tool developed in France by Soletanche 
Enterprises in the late 1970s. A unique feature of the machine is related to continuous 
excavation of soil/rock while creating a slurry trench panel. The spoil removed at the cutter 
head is transported via hydraulic pumps to desanding equipment at the surface. The 
closed-loop circulation of sluny and its reuse for continuous excavation makes the technique 
an excellent choice for an excavation method in highly contaminated ground. The recent 
introduction of hydromill by Rodio, Inc., makes a d a b l e  a totally electronic excavation tool 
which can be remotely controlled. The lower cost of the Rodio cutter head ($1M vs $7M for 
conventional hycirofkaise) may make the capital cost for purchasing equipment more 
reasonable if the cutter head cannot be decontaminated. 

Hydromill can continuously excavate soil (gravel, sand, silt, clay) and soft rock (weathered 
shale/limestone) at rates of up to 2000 P/lO-h shift. The depth does not enter into 
production rate estimates because spoil removal is continuous, and no need exists for 
removing the excavation tool from the trench, as is the case for conventional grabs. The 
cutter head can excavate hard rock up to about 30,000 psi. The excavation rate is reduced 
to about 100 ft?/lO-h shift. This rock excavation rate is still ten times faster than using 
conventional grabs with chisel for rock excavation. 

Status: Demonstration 

sdence/Technology Needs: Hydromill is in an advanced state of design and is used 
commonly in Europe for sluny wall excavation. The greatest concern is related to 
decontamination procedures required for green tagging of equipment after use in 
contaminated soil/rock. The need extsts to examine operational procedures and health 
physics issues related to common maintenance of equipment during production work. Cutter 
teeth change/replacement is the greatest maintenance need. 
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Implementation Needs: The need exists to coordinate with the decontamination committee 
to exarnine the hydromill process and to develop decontamination and Health Physics control 
procedures when maintenance of equipment is required. 

Author: Joe Kauschinger/404-992-3538 
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JET GROUTING REMA-85-02 

EM Problem: Remedial action 

Problem Area/Constituents: Low-level waste, metals, organics, mixed waste 

Re-ce Req@rements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatoxy guidance. As site- and waste-speciflc characteristics are provided for each 
technology, speciac regulatory requirements will be specifled. 

Subelement: Containment/isolation 

Alternative: Barriers 

Technology: Jet grouting. Grout injection involves high pressure pumps (6000 psi) to impart 
cutting energy to the grout jet stream (velocity = 1000 fps). Vertical drilling/jet grouting has 
been used to form the bottom seal at the White Oak Creek Embayment (WOCE) at the Oak 
Ridge National Laboratory (ORNL). WOCE was the first time (worldwide) that jet grouting was 
used in production work to form a bottom seal beneath radioactive mixed waste. Work was 
conducted at a shallow depth (15 ft). Radiologic and other environmental monitoring 
indicated that jet grouting could be successfully performed over water (i.e., no release of grout 
or contamination downstream during construction activities and no Clean Water Act 
violations). The grout injected was very-high-density cement grout without additives. Grout 
formulation was a key element which minimized waste generation. However, dense grout 
caused bottom heaving of White Oak Creek. Grout formulation is not recommended for use 
where a bottom seal is required beneath a structure, buried tax&, etc. 

Status: Demonstration. Jet grouting to form a bottom seal is well established in Europe as 
a technique to control water inflow into the bottom of an excavation. The technology was 
succesd.dly used full-scale to form a bottom seal beneath radioactive waste at WOCE at 
ORNL. 

sdence/Technology Needs: Grout formulation needs to be developed which would allow 
larger percent mixing of injected grout with in situ material. Improved grout formulation 
would help minimize surface heaving while simultaneously improving the volume of grout 
mixed in-place. The grout formulation would minimize waste generated during injection 
which must be handled at the surface. Grout formulation would enhance the soil saw 
demonstration which is currently being conducted at the Savannah River Plant under a 
Program Research and Development Announcement administered by Morgantown, West 
Virginia. 

Implementation Needs: Combined laboratory/field studies are needed to test candidate 
grout formulations to form the soil/cement bottom seal. 
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Bench-scale tests are needed to examine the rheologic properties of various grouts. 
Development of a field test (from lab experiments) is needed for ident@ing the percent solids 
(waste, cement), water, and air contained within solidEed waste which is ejected from 
borehole and remains in the ground. A grout formulation that solidiaes waste and keeps a 
large percentage of waste in the ground would be a candidate for soil saw experiments at the 
Savannah River PlanL 

A cold test area impregnated with "safe" surrogates is needed to exarmn ' e grout performance 
(&om the lab study) under field conditions. The cold test area could be at the Savannah Rver 
Plant. 

Estimated costs are: lab study-grout: $150K. Field study-cold test: $500K (or coordinate 
with Savannah River soil saw experiments); lab support: $150K 

Author: Joe Kauschinger/404-992-3538 
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MICROTUNNELED HIGH-DENSITY 
POLYETHYLENE UNER REMA-86-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Buried waste 

Roblem Area/Constituents: Low-level waste, metals, organics, mixed waste 

RedErence Requiremen- Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, spedftc regulatory requirements will be specified. 

Subelement: Containment/isolation 

Alternative: Barriers 

Technology: Microtunneled high-density polyethylene liner 

Status Demonstration. This is an evolving technology which is in the demonstration phase. 
HDPE installed via microtunnels is conceptual. The microtunneling procedure is a 
well-established construction method in Europe and in Asia. Tunnel drives can be performed 
to lengths of several thousand feet using intermediate jacking stations. No severe limitation 
is placed on the depth of the bottom seal. The requirement to install jacking and reception 
pits to 100-ft depths is easily achieved. The possibility exists of eliminating the reception pit 
because of machine development which will allow extraction of machine-out microtunnels 
used during jacking. 

- 
Techniques to install a continuous layer of high-density polyethylene (HDPE) appear sound 
(see Zublin reference). 

The main advantage of the technique is related to continuous bottom sealing using plastic 
linen designed for particular waste leachates. The microtunnel/liner system can be installed 
in widely varying ground conditions (Le., soil to soft rock). 

Science/Technology Needs: The individual components of the bottom seal (HDPE, 
microtunneling) are well-proven technologies. Integration of each to form a bottom seal is not 
well-proven. A shallow demonstration (easily excavated) is needed to evaluate operational 
problems associated with installir?g HDPE liners. 

A major drawback of microtunneling is related to the need for jacldng/reception pits down 
to elevation of the bottom seal. This limitation is related to the laser guidance system used 
to steer the machine. The laser system cannot easily be used to turn sharp cunres. A possible 
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need exists for a gyroscopic guidance system like that used in horizontal directional drlllfng. 
Research and development are needed to improve the guidance system so that 
microtunneling can be conducted from the surface or from shallower shafts. 

A 2-year test program is needed. Estimated cost is $2M-$3M. 

Implementation Needs A cold test facility is needed for a full-scale demonstration. 

Author: Joe Kauschinger/404-992-3538 
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VIBRATED PLASTIC TUBE BOTTOM SEAL RE MA-87-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Buried waste 

problem Area/Constituents Low-level waste, metals, organics, mixed waste 

Reference Requirements Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resenation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Containment/isolation 

Alternative: Barriers 

Technology: Vibrated plastic tube bottom seal. The technique involves installation of a 
bottom seal via vibrating a drive pipe into the ground. The drive pipe is covered with a thin 
(ID = 14 mm) polyethylene tube. Once the depth of the bottom seal is attained, the drive pipe 
is removed. Major advantages for environmental grouting are related to the drive pipe being 
protected from contamination by the plastic tube. The disposable portion of the grouting 
system is very inexpensive (a plastic tube with a grout valve). 

Status: This is a well-proven technology (in Germany) for creating a bottom seal at the invert 
of pit excavations. The drawback is related to the depth limitation to which the drive pipe can 
be accurately driven (Le., 50 ft). 

science/Tecbnology Needs: The continuity of the bottom sed is related to control of drilling 
deviations and the size of grouted bodies. If buried waste contains a large portion of large 
debris (lab equipment, construction refuse), then the drU pipe will deviate as the pipe deflects 
off obstructions. Then, grout injection will be performed in the wrong location, leaving 
untreated soil and creating a window in the bottom seal. Although a borehole camera can be 
used to measure drilling deviations, the drilling technique (vibrated pipe) is not robust 
enough to penetrate obstructions. 

Vibrated plastic pipe applies where buried waste is loosely placed and contains few major 
obstructions (possibly biologtcal waste). 

Implementation Needs Avibrated plastic tube grouted slab has not been used (as of 1993) 
in the U.S. as a bottom sealing method. A test program would involve forming a cold trench 
containing various waste with sandy soil in the invert which would allow leachate to migrate 
out of the buried waste. The need exists to perform the grouted slab method and to excavate 
waste to examine the continuity of the bottom seal. 
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Authot Joe Kauschinger/404-992-3538 
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SOIL SAW RE MA-88-0Z 

EM Problem: Remedial action 

Y-12 Plant Problem Buried waste 

Problem Area/Constituents Low-level waste, metals, organics, mixed waste 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific Characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Containment/isolation 

Alternative: Walls 

Technology: Soil saw. This technology uses jet groumg technology to form avertical barrier 
wall. A steel casing is drilled into the ground down to the bottom elevation of the cutoff wall. 
The casing contains a large m a y  of jet cutting nozzles. Grout nozzles create high-velocity jet 
streams which are used to cut (monodirectional) the soil while the casing is pulled back and 
forth in a sawing action. As soil is cut away, a hydraulic excavator is used to pull the casing 
forward, so that a continuous cutoff wall is created. 

A major advantage of the technique is related to formation of a continuous grout curtain wall. 
Quality control/quality assurance is based on the ability to drag casing through the ground 
to assure continuity. The efficiency of the grout curtain still depends on grout curing and not 
being eroded away by flowing water. 

Statax Predemonstration. This is an evolving technology which is in the predemonstration 
phase. A program research and development award (PRDA) has been given to 
Haliburton-NUS for a demonstration at the Savannah River Plant. The award is 
administered by Morgantown, West Virginia. The technology has applicability for forming 
grout curtain walls for tank sites at Oak Ridge National Laboratory Waste Area 
Group (WAG) 1, pits and trenches at WAG 7, WAG 4, and at the Y-12 Plant Bear Creek 
Operable Units to provide a barrier between waste sites and the nearby stream. 

Science/Technology Needs: The major drawback is related to obstructions (cobbles, 
boulders, utfllties, buildings) being in the path of the soil saw. This technology has been 
demonstrated to depths of about 25 ft. Spoil generated during jet grouting can be excessive 
and can create waste handling problems. Estimates for volume of spoil range fi-om 400&1000! 
of grout volume injected. 

Implementation Needs: The technology is currently undergoing testing under the PRDA at 
the Savannah River Plant. 

September 1994 
Remedial Action 



REMA-88-02 

&tho= Joe Kauschinger/404992-3538 
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FRACTED AIR STRIPPING REMA-89-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Buried waste 

Problem Area/Constituents Organics/DNAPIS 

Reference Requiremen- Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Physical separation 

Technologg: Fracted air stripping 

Status. Demonstration. Anintegrated demonstrationis ongoing at thesavannah River Plant. 
Results from the study indicate the following 

The horizontal directional drUng technique had difficulties with aligning the lower 
sparging well and upper vacuum extraction well. If the intent of the demonstration was 
to have both wells contained in the same vertical plane, then drilling deviations 
corresponded to about W h  @.e., for each foot of drilling horizontal bore, it was 0.5 fi off 
*geO 
The sparging well was partially effective in stimulating formation and release of 
trichloroethylene WE). Vacuum extraction accounted for about 50 kg TCE/day, while 
injection of alr increased the extraction rate by 9 kg solvent/day (only an 18% increase). 
Helium gas tracer experiments were conducted to evaluate the possible cause of the 
small increase in extraction rate as air was injected through the sparging well. Helium 
tracer experiments indicated that communication occurred between sparging and 
vacuum wells. Forty-five percent of injected helium was extracted from the vacuum well. 
However, long lag times were observed between the injection of helium and its detection 
in the vacuum well. The majority of helium tracer was accounted for. It is postulated 
that the tracer was trapped beneath clay layers (dome afTect) in the soil stratigraphy 
and/or escaped outside the zone of influence of the vacuum extraction well. 

Sdence/Technology Needs The air stripping system described in U.S. Government patent 
4,832,122 is limited by normal sedimentary geologic processes which tend to deposit soils 
in horizontal layers. Usually, the major hydraulic conductivities are in the lateral direction. 
Another drawback of the described air stripping system is related to the lack of corfmement 
of the volatile organic compound (VOC) flow path between the sparing and vacuum wells. 

September 1994 
Remedial Action 



FRACTED AIR STRIPPING REMA-89-02 

Technology improvement is needed in the area of stimulating the soil to develop a primary 
conductivity in the vertical direction. Simultaneously, a technique should exist for 
establishing well-defined boundaries at the edges of the well, so that VOC migration is 
controlled within well established boundaries. 

The proposed research would develop a combined air stripping/drainage well system which 
would overcome the llmitatons of the technology previously described. The new in situ 
remediation technique would still be based on horizontal directional drilling. Both wells would 
have the integrated capability of forming a cutoff wall at the end of each well. This would 
establish well defined b o u n d q  conditions which would allow little migration of VOCs away 
h m  the influence zone of well pairs (sparging/vacuum well pair). Stimulation of the soil 
formation would be accomplished using water cutting technolo@, enhanced by simultaneous 
injection of high velocity air or methane gas. Water cutting technology would create a 
fluidized bed of soil which would release trapped VOCs toward the vacuum extraction well. 
The m j o r  hydraulic conductivity would be oriented in the vertical direction, because the 
water jets would totally destroy the original soil anisotropy. If dense nonaqueous-phase 
liquids (DNAPLS) are present, then the chemicals would sink through the fluidized bed under 
controlled conditions. Lateral spreading of D W L s  would be prevented because of 
destruction of soil layering and structure. The jet stream velocities would be varied, so that 
the DNAPb would preferentially settle as chemical density overcomes the seepage forces 
created by the jet streams. The heavy contaminates (DNAPIs) would be collected by 
converting the sparging well into a clrain. 

Worker exposure and environmental risk would be greatly reduced by development of a 
reverse circulation, down-the-hole motor to install the sparging and vacuum extraction wells. 

Implementation Needs: A manufacturing facility capable of designing and manufacturing 
a reverse circulation, down-the-hole motor is needed. A drill string will have the capabilities 
of performing directional water cutting to create a cutoff wall structure at the end of the drill 
sMng and of directionally cutting the soil to destroy the soil's original fabric. The following 
also are needed: 

A drilling test facility for evaluating the proposed system, 
A manufacturer spedalizing in directional drilling equipment, 
A contractor with directional drilling capabilities, 
A high-pressure pumping manufacturer to design a water cutting system, 
Civil engineers during field trials, 
Analytical chemists to evaluate the efnciency of a sparged-vacuum system, 
Manufacturing design, development, prototype manufacturing (6 months), and 
A demonstration facility: deployment and 12 months of testing = $750K. Estimated 
budget = $1.25M. 

Author: Joe Kausc~r/404992-3!538 
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PRECISION EXCAVATION RE MA-90-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Buried waste 

Problem Area/Constituents Low-level waste, organics, metals, mixed waste 

Rehrence Requfrements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, spedac regulatory requirements will be specified. 

Subelement: Retrieval 

Alternative: Excavation 

Technolorn Precision excavation. Excavation is a method of removing contaminated surface 
and subsurface materials from hazardous waste sites by scraping, cutting, digging, scooping, 
or vacuuming. Decisions about what equipment to use and how the excavation should be 
done are best left to the contracting firm, which can then use its own judgement to determine 
the most economical use of resources for the work. For more precise excavation, where the 
area or volume of material to be removed is small, a clamshell can be useful and can give 
trench-like excavations. Excavation of areas conta,ining drums, buried tanks, or similar 
obstructions may require significant amounts of hand and small-machine excavating. 

F3quipment with which drums may be excavated and staged include: drum grappler, forklift, 
horizontal drum-grab attached to forklift, vertical drum-grab attached to backhoe, forklift or 
crane, sling attached to a backhoe, manual loading into the bucket or a fiont-end loader, or 
drum hand-truck. Where hazardous drums require excavation, a drum grappler offers 
personnel safety. This remote handling device can lift drums in several orientations. 
Prelimhmy sampling of drums as they are excavated is critical to provide an indication of the 
degree of hazard to workers. 

Status: Accepted by industry. Precision excavation by robots is still in the demonstration 
phase. 

Sdence/Technology Needs: The content of the buried material (large pieces vs 
contaminated soil). the volume and area of material to be excavated, the soil type and 
strength, the site topography, the location of the ground-water table, the proximity to existing 
structures, and the activity of radionuclides will all be factored into the selection of 
excavation equipment. 
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Implementation Needs: These include the following: 

0 Excavation equipment-clamshells, robots, shovels, small bulldozers, and fiont-end 
loaders; 
Access to buried material; 
Drum and material handling equipment; 
Transportation means; 
Trained health and safety personnel; and 
Dust and vapor suppression, if needed. 

Author: Julie Pfeffer/G 15-482-5045 
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EM Problem: Remedial action 

Y-12 Plant Problem: Buried waste 

Problem kea/Constituents: Low-level waste, organics, metals 

Refkrence Requirements Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, spedfic regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Physical separation 

Technology: Freeze purification. Freeze purification processes are used to remove dissolved 
solids from low-viscosity aqueous liquids, slurries, and sludges. The process involves five 
steps: heat exchange, freezing, washing, melting, and refrigerant or energy recovery. When 
an aqueous solution containing dissolved contaminants is slowly frozen, pure water ice 
crystals form on the surface, and the contaminants are concentrated in the remaining 
solution (called “mother liquor”). The ice crystals can be separated from the mother liquor by 
mechanical means, washed, and melted to yield nearly pure water. The technique can be 
used on liquid waste streams containing potentially hazardous materials, typically in the 
range of 1%S100/6 total dissolved solids. Removal aciencies of 99.9% have been achieved on 
aqueous waste streams with as little as 30 ppm total dissolved solids. The process is not 
effective on streams containing only organic contaminants. 

Two basic forms of freeze purification techniques used in industry include the vacuum 
ilash/vapor compression (VFVC) process and the secondary refrigerant freezing ( S W  system. 
The VFVC process operates so that some water is evaporated and ice is formed 
simultaneously. The water vapor is condensed and combined with the ice after the ice is freed 
of the mother liquor. Mother liquor generated during the process must be disposed 
appropriately. Exhaust heat generated in the compressors (used for refrigeration) is used to 
melt the ice crystals. 

The SRF system produces an ice-liquor slurry by direct contact of the contaminated stream 
and an evaporating refkigerant. The sluny is washed in a column by a counter-current flow 
of the freshwater product, thus yielding contaminant-free ice. Ice is melted to water by waste 
heat generated in the rageration loop. 

Status: Predemonstration. For almost any application, pilot-scale studies are needed to 
determine the best operating conditions. Composite wastes exhibit complex solubility cwes .  
Technology has been used in the juice industry. Limited application probably exists to buried 
wastes, possibly to collected leachate. 
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Science/Technology Needs: These include the following: 

High total suspended solids wastes may require an upstream filtration unit to remove 
suspended solids. 

0 Total dissolved solids are needed to determine the type of crystallization technolog). to 
be used and to size the unit. 
Flow rate is used to size the unit. 

0 Influent and effluent fkeezing points are required for sizing the refiigeration and 
crystallizer unit. 
Influent and desired effluent concentrations are used to size the unit. 

0 Physical and chemical characteristics are used to determine the applicability of the 
technology and to determine unit construction materidls. Crystallizer performance may 
be sensitive to variations in feed rate, concentrations, pH, and temperature. Excessive 
scaling of heat exchange surfaces can result in frequent shutdown. 
The compatibility of the contaminated material with the refiigerant is assessed to ensure 
safe operation in the secondary fkeeze drying process. 
Variations in feed quantity and quality can a e c t  the crystallizer design and 
performance. 

Implementation Needs: These include the following: 

0 The leachate needs to be collected. 
Process equipment including cxystallizers, refiigeration units, wash columns, strippers, 
heat exchangers, separators, and pumps. 

0 If the facility is in a hot climate, excess heat is sent to the atmosphere via a cooling 
tower. 

0 Electricity consumption is estimated to be more than 359 kW/lOOO gal melted water 
recovered. - 

Authoz Julie Pfeffer/G 15-482-5045 
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THERMAL DESORPTION RE MA-92-OZ 

EM Problem: Remedial action 

Y-12 Plant Problem: Buried waste 

PmblemArea/constituents: Organics 

Rekence Requirememts Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resewation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, speciac regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Physical separation 

Technology: Thermal desorption. The desorption of volatile material from excavated buried 
waste is a method of separating contaminants. Compared to thermal destruction, thermal 
desorption is a relatively low-temperature, 300°F-8000F thermal separation process. The 
fi-action remaining on the buried material may require further treatment or controlled 
disposal. The volatilized fraction is collected and, if appropriate, treated further. ?frpically, 
thermal desorption is performed for removal of organic compounds, although certain metals 
and radionuclides are also volatile and may be released from the material during treatment. 

Thmd desorption of waste contaminated with organic compounds can be performed with 
many Merent treatment systems. However, the four major types of treatment systems are 
rotary dqer  systems, indirect-fired systems, screw-type systems, and asphalt plant aggregate 
dryers. Each treatment system uses the same basic principal-of operation. Each system 
consists of a furnace in which the organic compounds are desorbed from the waste feed. 
Desorbed organics are removed from the furnace by a purge gas and are destroyed in an 
afterburner or are collected by a physical/chemical treatment system. The systems are 
operated between 3OOOF and NOOF and are fed with 5-100 tons of contaminated waste per 
hour. The desorbed organic compounds are removed from the furnace by apurge gas stream, 
which may flow cocurrent or countercurrent to the waste feed. A typical system consists of 
a feed pretreatment system, feed hoppers and conveyom, a c o c m n t  or countercurrent 
furnace (directly or indirectly fired), a treated soil cooling system, cyclones, an afterburner, 
a bag house, an induced draft (ID) fan, and a stack. 

Most existing thermal desorption units are designed for consistent size feed such as soil. 
Some materials handling, such as size reduction or coarse separation, may be needed before 
treatment of excavated buried materials. 

Statas: Demonstrated. This technology is accepted by industry for certain applications. The 
technology is more than 99% efffdent in removing volatile organic compounds from soil. 
Costs range from !#5/ton (for low-contamination/low-moisture-content soils) to $120/ton 
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(also for soils). Thermal desorption of contaminated solids is in use at various remediation 
sites around the U.S. (some cleanups have been completed). However, use on buried material 
is limited. 

Sdence/Technology Needs: The following concerns may cause problems durlng operation. 
Information about these conditions is needed before use of the technology is considered. 

Limitations exist on the types of waste and contaminants that can be treated. Large 
pieces of material, more than 3 in. in diameter, are likely to be untreatable. The 
technology is not very effective for decontaminating heavily impregnated materials. 
Materials need to have a large surface area-to-volume ratio for effective removal. 
The presence of other semivolatile materials (tritium, V.s, mercury) may cause 
problems with permitting or treating the off-gases. 
Over 60% moisture may render the process uneconomical. 
The process generates dust and vapor which has to be appropriately suppressed. The 
residual soil and aqueous or organic phases have to be appropriately stored or disposed. 

Impleme!ntation Needs: These include the following: 

0 Process equipment (e.g., indirect- or direct-fired rotary kiln, heated screw kiln, etc.); 
Minimum 2000 sf equipment batteIy limit 
All utilities, including reliable electricity, cooling water, natural gas, steam, air, nitrogen, 
etc.; 
Heatingrequirements depend on throughput, organic content, and moisture content, but 
may be about 1M-7.5M Btu/hr; 
Drum and material handling equipment; 
Trained operators: and 
EPA-certified laboratory support. 

Author: Julie pfeffer/615-482-5045 

1. JJ. Cudahy, etal., “Petroleum Contaminated Soils andsludges-Markets, Permittingand 
Thermal Desorption Technologies,” proceedings ofthe 1992 Incineration Conference, 
Albuquerque, N.M., May 1992. 

2. RK. Nielson and M.G. Cosmos, “Low-Temperature ThermalTreatment ofVolatile Organic 
Compounds from Soik A Technology Demonstration,” paper presented at the 1988 
Summer National Meeting of the American Institute of Chemical Engineers, Denver, 
Colo., August 1988. 

3. Canonie Environmental Semices Corporation, Soil Remediation tIRd Site Closue, McKh 
Symjimd site, Gray, Maine, prepared for the U.S. Environmental Protection Agency, 
Washington, D.C., July 1987. 

4. Fonun on Innovattve Hazardous Waste 7katrnen.t Techndogies: Domestic and 
IntemuiiunaZ, EPA/540/2-89/056, U.S. Environmental protection Agency, Atlanta, Ga., 
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June 19-21, 1989. 
5. Roy F. Weston, Inc., Pilot Investigation of Low Temperature Stripping of Volatile Organic 

Compounds, VOCs, From Soil, technical report prepared for U.S. Army Toxic and 
Hazardous Materials Agency, Aberdeen, Md., June 1986. 
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SHREDDING AND MAGNETIC SEPARATION RE MA-93-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Buried waste 

Problem &ea/Constituents: Low-level waste, organics, metals 

Referesce Requireprents: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, speciac regulatory requirements will be specifled. 

Subelement: Treatment 

Alternative: Physical separation 

Technology: Shredding and magnetic separation. Magnetic separation consists of sorting 
one solid from another using a magnetic field. Many natural minerals have measurable 
magnetic susceptibilities, but fewer than 20 are amenable to magnetic separation. Magnetic 
separation can be performed wet or dry, or with either low- or high-density magnets. 
Separation is often promoted by shredding or screening waste to 2 in. or less mean diameter. 
If contaminated material is magnetic, it is removed from uncontaminated material. If 
contaminant is nonmagnetic, removal of magnetic material may reduce the volume of waste 
to be treated or disposed. If contamination e.xists in both a magnetic and nonmagnetic form, 
the separation of the two may allow different treatment or disposal technologies to be 
implemented. Magnetic separation typically will recover 70?!99% of magnetic material from 
a waste stream, depending on the spedfic configuration of the material and the system. A 
multiple magnet system is required for high efficiency. - 

Status Demonstration. The technology is available; however, it has not been applied under 
the conditions present at the Y-12 Plant. 

Science/TechnoIogy Needs These include the following: 

Identiilcation of the magnetic portion of the waste, size distribution, and magnetic 
properties of contaminants is needed to assess the applicability of the technology and 
to determine the type of system required. The applicability of magnetic separation is 
limited to solid wastes or mixed debris containing magnetic wastes @.e., iron and steel). 
Shredding or some type of material size reduction may be needed before magnetic 
separation. 

Implementation Needs: Development costs could range from $0.5M-$lM. Estimated capital 
costs for a developed system are $75K-$l5OK/system. Operating costs may be about 
$2OOK/system/year. 
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Authox Julie Pfeffer/G 15-482-5045 

References: 

1. Martin Marietta Energy Systems, Inc., sMmembers. 
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INTRUDER BARRIERS R EMA-94-OZ 

EM Problem: Remedial action 

Y-12 Plant Problem: Buried waste 

Problem Area/Constituents Low-level waste, organics, metals, mixed waste 

Reference Requirements Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, spedac regulatory requirements will be specified. 

Subelement Containment/isolation 

Afternative: Capping 

Technology: Intruder barriers. Caps are used to control access to waste and to reduce 
infiltration into the waste. Intruder baniem are designed to achieve the first objective 
(although the second objective may be achieved through appropriate design) without reliance 
on institutional controls. Typical caps require institutional controls to prevent humans &om 
disturbing the material and annual maintenance to prevent plant and anlmal disturbances. 
An intruder barrier uses a deep and sometimes impenetrable material to prevent access to 
the burled waste. 

An intruder barrier is dehed in 10 CFR 61, “Licensing Requirements for Land Disposal of 
Radioactive Waste” as follows: “Intruder barrier means sacient depth of cover over the 
waste that inhibits contact with waste and helps to ensure radiation exposures to an 
inadvertent intruder will meet the performance objectives set forth in this part, or engineered 
structures that provide equivalent protection to the inadvertent intruder.“ The effective life 
of the baniers is 500 years. To achieve protection of an inadvertent intruder, the depth of 
capping material is at least 5 m or a barrier layer such as cobbles or concrete is placed to 
alert the potential intruder to the presence of buried material. 

Status: Accepted. Nuclear Regulatory Commission regulations and 10 CFR 61 specify the 
use of intruder baniers under certain circumstances for radioactive waste. Although many 
of the circumstances do not directly apply to the Y-12 Plant, intruder barriers have been 
implemented in similar situations. 

Sdence/Technology Needs: These include the following: 

A description of the materials to be covered. The potential for subsidence and gas 
production needs to be assessed. It is also important to identifl any potential for 
explosions. It may be necessuy to stabilize the matexial before installing a cap. 
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The need exists for general configuration information such as side-slopes and 
under-drain requirements. Also, the potential for penetration of the cap, such as by-gas 
or ground water, is identified. 
The need exists to assess the potential for fkeeze/thaw cycles and the impact on the cap 
material. Also, the anticipated rainfall could affect the design of the drainage layer. 

Implementation Needs. These include the following: 

Area for construction equipment; 
Capplng materials such as clay, soils, cobbles; 
Nearby utilities, especiallywater; and 
Dust control. 

Author: Julie Pfeffer/615-482-5045 

References: 

1. 10 CFR 61, Licensing Requirements for Land Disposal of Radioactive Waste, 1992. 
2. T e d u w ~ A p p r o a c h e s  to the Cleanup ofRadMagicaUy Contaminated S m S i t e s ,  

EPA/540/2-88/002, U.S. Environmental Protection Agency, Ofnce of Research and 
Development, Washington, D.C., August 1988. 
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I NClNERATlON REMA-95-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Buried waste 

ProblemArea/Constituentsc Organics 

Reference Requirements Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, spedflc regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Destruction 

Technology: Incineration. Incineration is the thermal destruction of hazardous wastes in 
the presence of adequate oxygen for combustion. Toxic organic contaminants are 
permanently destroyed by high-temperature oxidation; however, a residual ash is created 
which may contain heavy metals and toxic products of incomplete combustion. The basic 
process chemistry of incineration consists of oxidation of the organic constituents of the 
waste material to form carbon dioxide, water vapor, sulfur oxides, phosphorus oxides, and 
hydrogen halides. The waste material to be incinerated may be supplemented with a fuel to 
pravide supplemental heating. Incineration systems consist of a feed system, a combustion 
chamber, and an ash removal system. Air pollution control systems frequently must be 
incorporated into the design. These may include quench chambers, baghouse filters, gas 
absorbers, and mist eliminators. Some types of incinerators include multiple hearth 
incinerators, a liquid injection furnace, a rotary kiln, a fluidiged bed, cement kilns, etc. 
Destruction of volatile organic waste constituents has been measured from 90% in some 
flares to more than 99.99999Oh in hazardous waste incinerators. Destmction of semivolatile 
and nonvolatile organic constituents has also been measured for hazardous waste 
incinerators and typically exceeds 99.99%. 

Status: Accepted by industry. The potential for a low Btu content in the buried waste may 
limit application of incineration. An incinerator licensed for low-level radioactive waste is 
currently operated by Scientinc Ecology Group. 

Sdence/Technology Needs: These include the following: 

Site topography, site access, and site utilities need to be assessed. 
A soil sieve analysis is used in determining ash handling and air pollution control 
equipment. 
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Waste characteristics are required to determine air and fuel requirements and the basic 
size of the air pollution control devices. These include heating value, moisture content, 
ash content, metals content, chlorine content, sulfur content, nitrogen content, 
PCB/diardn content, physical form, and reactivity data. 

Implememtation Needs These include the following: 

e Significant permitting and trial burn efforts are needed to demonstrate acceptable 
environmental impacts for stack emissions. 
Indneration generates an exhaust gas stream requiring treatment. Primary emissions 
constituents of concern are particulates, heavy metals, acid gases, tritium, carbon 
monoxide, and nonmethane hydrocarbons. Other pollutants may also be present. 
An ash stream containing inorganic and radioactive constituents may be produced. 
Disposal of this ash is needed. 

Authox Julie pfeffer/615-482-5045 

References: 

1. J. Basilco, Assessment of Incineration as a ZTeatment Method for Liquid Organic Waste 
Streams, EPA-230-01-86-004, Omce of Policy, Planning, and Evaluation, U.S. 
Environmental Protection Agency, Washington D.C., 1985. 

2. C. R Brunner, incineratro . n Systems: Selection and Design, Van Nostrand Reinhold Co., 
New York, N.Y., 1984. 

3. M. Exposito, Incinemtton of a Chemiclaly Synthetic Soil Matriw Using aPilot-ScaLe Rotary 
Kiln System, Cincinnati, Ohio, 1988. 

4. H. Freeman, Incinerating Hauudous  Wastes, Technomic Publishers, Inc., Lancaster, Pa., 
1988 - 
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STRUCTURAL CAPS RE MA-96-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Buried waste 

Problem Area/ConstituentS: Trench subsidence 

Rebrence Requiremen*. Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technolo@, spedtic regulatory requirements will be specified. 

Subelement: Containment/isolation 

Alternative: Structural stabilization 

Technology: Structural caps. Structural caps would include precast concrete beams, 
H-piles, steel frames, or other materials which would support a cap over a subsiding waste 
trench. For example, a series of precast concrete beams could be placed over waste trenches 
before capping, and the precast beams would support the cap, even if substantial subsidence 
of the waste took place. 

Status Accepted. This is commercially avallable technology. Most of the materials and 
methods are used routine@ in highway and railroad construction. Adapting these materials 
to support waste area caps would require minimal development. 

Sdence/Technology Needs: The greatest development need is in adapting bridge deck 
systems for direct contact with the ground. Appropriate coating methods need to be developed 
to ensure the greatest possible lifespan for the structural systems. 

Implementation Needs. Field demonstration to show that support will be maintained over 
time. 

Author: Bill Barton/615-576-0519 

Rebrences: Martin Marietta Energy System, Inc., s M  members. 
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THERMAL SET RESIN IMPREGNATION REMA-97-OZ 

EM Problem: Remedial action 

Y-12 b t  Problem: Buried waste 

Problem Area/Constituents: Trench subsidence 

Rebrence Requirements Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentidly applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatoxy guidance. As site- and waste-specific characteristics are provided for each 
technology, spedAc regulatoxy requirements will be specified. 

Subelement: Contalnment/isolation 

Alternative: Structural stabilization 

Technology: Thermal set resin impregnation. This technology envisions the filling of voids 
in buried waste with a thermal-set resin. This void filling after setting would provide 
structural stabilization against trench subsidence. In addition, the thermal regime necessary 
for resin impregnation would result in melting of indigenous plastics (Le., polyethylene or 
polyvinylchloxide) in the waste resulting in further void reductions within waste packages. 
The resins could be the traditional thermal setting grouts such as paraflh, sulfur, or 
bitumen' or synthetic polymer resins such as polyethylene with similar melting ranges. The 
buried waste would need to be preheated, most likely with steam, to temperatures well above 
the thermal set temperature of the particular resin before its injection into the waste. 
Distribution and homogenization problems, as typical of other grouts, would also be 
encountered. Such technology could also be used to form in situ hydrophobic seals within 
waste and the sumounding or overlying soil formation. - 

Status The technology is only conceptual at present, although ex situ application of 
thermal-set polymers is a more developed technology. 

Science/Technology Needs: Techniques for coupling in situ steam heating and thermal-set 
resins need to be developed. In situ steam stripping of soil and ground water, which would 
result in the required heating, is well developed, although direct application to buried waste 
has not been attempted. Compatibility of various resins with waste components and 
contaminants would need to be established in a research and development effort. 
Permeability into various types of soil formations and waste configumtion also need to be 
developed. Obviously, field demonstrations would be desirable. 

Implementation Needs: Many of the machine components for implementing such 
thermal-set resin impregnation are presently developed for ex situ applications (e.g., steam 
generators, polymer heaters and extruders, and grout injection equipment). However, their 
integration into a compatible operation would require considerable design and specification 
development. Field monitoring of thermal heating of buried waste would be required to 
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ascertain resin impregnation. Likewise, preheating of buried waste would generate off-gas, 
likely containing volatile organic contaminants, which would need to be collected and 
scrubbed. Thus, costs for implementation would be quite high ($20M). 

&tho= Brian Spalding/G 15-5747265 

1. P A  Spooner, G.E. Hunt, V.E. Hodge, and P.M. Wagner, CompattMiQ of Grouts with 
H a u u d o u s  Wastes, EPA-600/2-84-015, Ofnce of Research and Development, U.S. 
Environmental Protection Agency, Cincinnati, Ohio, 1984. 
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CALCl NING/SI NTERING REMA-98-OZ 

EM Problem: Remedial action 

Y-12 Plant Problem: Buried waste 

Problem Area/Constituents Organics, Low-Level Wastes, Heavy Metals 

Rehrence Requirements. Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregLllatory guidance. As site- and waste-speciflc characteristics are provided for each 
technology, spednc regulatoxy requirements will be spedned. 

Subefement: Treatment 

Altenrative: Destruction 

Technology: Calcining/sintering. Calcining is the process of heating a material to high 
temperature but without fusing to effect a change, in this case, to decrease leachability of 
radionuades or heavy metals. Sintering is the process of heating a material to a cohesive 
mass without melting. Thus, the processes are similar, and many conceptual approaches 
exist to apply the requisite heat. Conceptually, such ex situ heating would destroy hazardous 
organic constituents as well as combust other organic materials (wood, paper, plastic, etc.), 
resulting in both a hazard and volume reduction of the waste. Most inorganic constituents 
and, in particular, radionuclides' would be calcined to a state of lower leachability within the 
waste-associated soil. Signiacant decreases in leachability occur as low as 500OC and 
continue to show improvement up to a maximum at vitrification, the ultimate point for 
calcining/sintering. In an ex situ process, calcining could be carried out to higher 
temperatures to effect sintering. However, depending on the temperature regime required, 
many inorganics might be volatilized (e.g., Hg, Cd, Pb). Techniques for achieving ex situ 
calcining/sintering (ESC/S) could v q  enormously and include microwave or radio frequency 
heating, fossil-fuel-powered heating, and electric induction heating. 

Status: The technolorn for ESC/S (other than total vitrification) for buried low-level solid 
waste at Y-12 is only conceptual at this stage. Although many of these techniques have been 
established for ex situ waste and materials processing (U.S. EPA 1989), none have been 
developed beyond the conceptual stage for treatment of buried waste. 

Sdence/Technology Needs: ESC/S technology needs to be demonstrated on the laboratory, 
pilot, and field scales for application to buried waste. Because of the high temperatures that 
would be involved, off-gas capture and handling would be an obvious need. Unlike the 
ultimate vitrification technology, techniques for ESC/S would need to establish limitations 
for buried waste with its myriad of components. In addition, the product "quality" of buried 
waste after treatment to a selected temperature would need to be established as well as its 
ultimate disposal point or location. 
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Implementation Needs: Safety, product quality, and field process operations all need to be 
established for any particular ESC/S technique before implementation needs can be 
addressed. Secondaxy waste streams would be highly technique-dependent and remain to be 
established. Engineering design for field-scale operations and speciac hardware would need 
to be developed after feasibility has been established. 

Author. Brian Spalding/615-5747265 

1. B.P. Spalding, G.K. Jacobs, and E.C. Davis, Evdzuztion of an In Situ Vib'cfioatlon Ffeld 
Demonstmiion of a Simulated Radioactive Liquid Waste LXsposal lbnch, O m /  
TM-10992, pp. 139-147, Oak Ridge National Laboratory, Oak Ridge, Tenn., 1989. 
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IN SITU HEATING REMA-99-OZ 

EM ProbW Remedial action 

Y-12 Plant Problem: Buried waste 

PmblemArea/Constituents Organics 

Refbrence Requiremen&: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatov guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specifled. 

Subelemenk Treatment 

Alternative: Destruction 

Technology: In situ heating. The technology for in situ heating (ISH), other than in situ 
vitrification, for buried low-level solid waste at ORR is only conceptual at this stage. 
Conceptually, in situ heating would destroy hazardous organic constituents as well as 
combust other organic materials (wood, paper, plastic, etc.), resulting in both a hazard and 
volume reduction of the waste. Most inorganic constituents and radionuclides' would be 
calcined (Le., thermally altered without fusing materials) to a state of lower leachability. 
Sintering (fusing of materials without total meltin@ could also be attained and result in 
reduced leachability. However, depending on the temperature regime planned, many 
inorganics might be volatilized (e.g., Hg, Cd, Pb). Techniques for achieving ISH could vary 
enormously and could include microwave or radio fkequency heating, fmsil-fuel-powered 
heating, and electric induction heating. 

Statas: Although many of these techniques have been established for ex situ waste and 
materials processing,* none have been developed beyond the conceptual stage for in situ 
treatment of buried waste. 

- 

Science/Technology Needs: ISH technology needs to be demonstrated on the l&oratoIy, 
pilot, and field scale for application to buried waste. Because of the high temperatures that 
would be involved, off-gas capture and handling would be an obvious need. Unlike the 
ultimate ISH technique (in situ viWcation), other ISH techniques would need to establish 
their depth limitations for in situ buried waste. The problems of off-gas pressurization and 
transient combustible pyrolysis would also be of concern. In addition, the product quality of 
buried waste after treatment to a selected temperature would need to be established. If ISH 
were to have the objective of in situ combustion or in situ incineration, then veacation of 
field effectiveness would be a signincant need. 

Implementation Needs: Safety, product quality, and field limitations all need to be 
established for any particular ISH technique before implementation needs can be addressed. 
Secondary waste streams would be highly technique-dependent and remain to be established. 
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Engineering design for field-scale operations and specific hardware would need to be 
developed after feasibility had been established. 

h t h ~ ~  Brian Spalding/6 15-5747265 

1. B.P. Spalding, G.K. Jacobs, and E.C. Davis, EvQZuatlon of an In Situ Vi-n Reid 
Demonstmtion of a simulated Radioactiue Liquid Waste Disposal lYench, ORNL/ 
TM-10992, pp. 139-147, Oak Ridge National LaboratoIy, Oak Ridge, Tenn., 1989. 

2. ‘Thermal Processes for Corrective Action,” Seminar Publication Correctbe Action’ 
Technologies ancf Appbkafions, EPA/625/4-89/020, pp. 47-57, U.S. Environmental 
Protection Agency, Cincinnati, Ohio, 1989. 
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IN SITU VITRIFICATION (BURIED WASTE) REMA-1 00-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Buried waste 

Problem Area/constituentS: Low-level waste, organics, metals, mixed waste 

Reference Requirements Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
norregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology. specific regulatory requirements will be specified. 

Subelement: Treatment 

Alternatives: Fixation, destruction 

Technology: In situ vitritlcation (buried waste) 

Status: In situ vitrification for buried low-level solid waste is available but has not been 
demonstrated for ORFt site waste. ISVwill produce an excellent waste form from buried waste 
and its associated soil backfill which will contain most radionuclides and hazardous 
inorganics. ISVwill destroy all hazardous and nonhazardous organic species in buried waste. 
Two signi.flcant concerns must be addressed for ISV to become acceptable for ORR buried 
waste. First, the presence of combustibles in buried waste poses a risk of pressurization of 
ISV off-gas and its containment during processing. Second, the possible presence of 
containerized fluids in buried waste also poses a risk for off-gas pressurization and possible 
splattering of molten glass during processing. 

sdence/Technology Nee&: ISV needs two si-cant technology developments to make 
it acceptable for ORR buried waste. The problem of off-gas pressurizations (Callow, et. al., 
1991) during ISV of buried waste seems to be caused by transient flash pyrolysis of 
combustibles (e.g., wood, paper, or plastics) when contacted by molten material of high 
temperature. As an ISV melt proceeds, molten glass will occasionally and unpredictably drop 
into voids within the buried waste, resulting in the flash pyrolysis and associated 
pressurization of off-gas. The problem is not the presence of combustibles, but rather their 
rate of combustion when a large amount is contacted rapidly by a large volume of glass. This 
problem could be largely overcome by in situ compaction of the waste before ISV. By 
eliminating large voids in the buried waste, rates of waste contact and pyrolysis can be made 
more gradual than eventful. The second problem of fluid pressurization within ambient 
eonta3nex-s (e.g., the 55-gal drum) in the buried waste can also be overcome by destruction 
of ambient containment via dynamic compaction of the waste before ISV. This destruction 
of potential ambient containment would eliminate the burping and glass splattering when 
pressurized fluids within containers finally lose their containment because of thennal 
expansion by contact with the molten product. 
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IN SITU VITRIFICATION (BURIED WASTE) REMA-1 00-OZ 

Implementation Needs: The implementation needs for ISV for buried waste center on the 
need for field-scale tests to demonstrate that combustible and container pressurizatfon 
problems can be eliminated by prior in situ compaction of the buried waste. A combined 
dynamic compaction/IW demonstration is planned for ORNL WAG 6 buried waste in 
conjunction with Pacific Northwest Laboratories (FY-94 to FY-96). Successful deployment of 
the ISV technology for buried waste would then require fabrication of site-dedicated hardware 
(about $6M and 2 years of effort) and contractual arrangements with a private sector 
corporation to operate that equipment. 

Author: Brian Spalding/615-574-7265 

References: 

1. In Situ Vitriiatton AppricatiOn to Buried Waste: Final Report of intermediate Field Tests 
ai I d a h o  NQtional Engineering Laboratory, EGG-WID-9807, EG&G Idaho, Inc., Idaho 
Falls, Idaho, 1989. 
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VACUUM LOADER (BURIED WASTE) REMA-101-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Buried waste 

Problem Area/C~nstituenh Low-level waste, organics, metals, mixed waste 

Reference Requirements Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-speciac characteristics are provided for each 
technology, speciflc regulatory requirements will be specifled. 

Alternative: Excavation 

Technology: Vacuum loader (buried waste). Vacuum loaders are large (up to tanker-truck 
size) vacuum systems used to pneumatically load bulk materials, sludges, granular materials, 
slunies. or liquids. Operating at around 5000 cfm, a vacuum loader can quickly load a 
5000-gal tanker, then haul the material in the tanker which meets US. Department of 
Transportation standards for transportation of hazardous waste. Vacuum loaders are used 
extensively in asbestos removal projects because of their built-in high-emciency particulate 
air filtration and complete containment. 

Status: Accepted. Vacuum loader technology is commercially available and is used 
extensively in industrial cleanup of solid, semisolid, sludge, and liquid materials. The 
advantage of vacuum loaders is their ability to load a variety of materials, wet or 
*anything that will pass through an 8-in. suction hose. With avacuum loader, accidental 
spreading of contaminants is greatly reduced. 

Sdence/Technology Needs: A vacuum loader working with a shredding system would be 
an effective tool for retrieving buried waste and ha-g it to a remote treatment location. The 
challenges in applying this technology are to get random waste materials shredded to a size 
that will pass through an 8-in. hose and to increase the speed of loading to production levels. 

'Implementation Needs: Need to demonstrate and field test this technology at an ORR site. 

Authox Bill Barton/615-576-0519 

References: Martin Marietta Energy Systems, Inc., staff members. 
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IN SITU BIODEGRADATION (BURIED WASTE) REMA-110-02 

EM Rob- Remedial action 

Y-12 Plant Problem: Buried waste 

Problem Area/Constituents Organics 

Reference Requirements Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelemenk Treatment 

Alternative: Destruction 

Technology: In situ biodegradation (buried waste). Biodegradation is potentially useful for 
destruction of organic constituents present in relatively low concentrations in soils and 
aqueous media. It is not a particularly attractive option for highly concentrated organics in 
containers in burial trenches. 

The role of biotreatment will more likely be in treating residual contaminated soils, 
waters/leachates, and perhaps secondary wastes generated during other in situ processing 
techniques. In situ biotreatment of soils and waters in the vicinity of buried wastes may be 
a feasible option. 

Status: Redemonstration. Limited work on this application to date. 

Sde!nce/Technology Needs: Work is needed to develop de l ivery /mg systems for 
contacting nonhomogenous waste. Impact of radioactive waste on process needs to be 
determined. 

Implementation Needs: Process needs to be demonstrated on a laboratory- and pilot-scale, 
most likely in conjunction with other technologies (i-e., HMIP) for contacting. 

Author: T. L. Donaldson/G 15-57422 10 

References: Martin Marietta Energy Systems, Inc., staff members. 
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IN SITU BIOLOGICAL DENITRIFICATION REMA-111-OZ 

EM Problem: Remedial action 

Y-12 Plant Problem: Ground water, surface water 

Problem Area/Constituemts Ground water/surface water-nitrates 

€&€&enat Requiremeints Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resexvation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specinc regulatory requirements will be specified. 

Subelemenk Treatment 

Alternative: Destruction 

Technology: In situ biological denitrification. Anaerobic bacteria obtain energy for growth 
fiom the oxidation of an organic carbon source, and simultaneously convert nitrate to 
nitrogen gas. The use of bacteria that h t  convert organic nitrogen or ammonia to nitrate 
(nitxiflcation) followed by denitr@ing bacteria can reduce the toxicity of some 
nitrogen-containing organic compounds. For use in situ, both types of bacteria may need to 
be introduced along with any nutrients. There may be considerable difficulty in achieving the 
necessary eHectiveness for in situ ground-water treatment because of the difllculty in 
achieving s a d e n t  contact between the contaminants and the bacteria. 

Status: Predemonstration. Biological denitrification has been used to treat 
nitrate-contaminated pond water in situ, but has not been used to treat ground water in situ. 
In situ biological denimcation was used to treat the S-3 ponds at the Oak Ridge Y-12 Plant. 

Sdence/Technology Needs Methods would need to be developed to inoculate the ground 
water with denitxjfication bacteria and to supply the required organic carbon source and 
other required trace nutrients. 

Implementation Needs: Extensive development work would be needed to determine how to 
initiate and control the process. Treatment costs would probably be low. 

Author: P A  Taylor/G 15-574 1965 

1. I.W. Jeter, Oak Ridge Y-12 Plant, personal communication. 
2. Metcalf and Eddy, ‘Wastewater Engineering: Treatment, Disposal, Reuse,” McGraw Hill 

Book Company, 1979. 

September 1994 
Remedial Action 





THERMOPLASTIC ENCAPSULATION REMA-112-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Buried waste 

Problem Area/Constituents Low-level waste, organics, metals, mixed waste 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation (Om, radiation protection standards, Department 
of Ehergy (DOE) Orders, and nonregulatory guidance. As site- and waste-specific 
characteristics are provided for each technology, specific regulatory requirements will be 
specified. 

Subelemen& Treatment 

Alternative: Fixation 

Technolog~c Thermoplastic encapsulation 

Status Accepted (bitumen for low-level radioactive waste). Predemonstration (polyethylene). 
-0 thermoplasticbitumen and polyethylene-have been developed as encapsulation waste 
forms. Ostensibly, thermoplastics do not interact with the waste, so extenstve testing to tailor 
the waste form is not needed and net volume reductions can result for liquid wastes. The 
waste must be dried and the dried solids encapsulated in the thermoplastic. The waste is 
exposed to higher temperatures during m g  and mixing with the molten thermoplastic, so  
volatile species such as mercury may not be amenable to such treatment. The processing is 
more complex than cementitious sedimentation/solidification (S/S). The waste is not 
chemically immobilized or stabilized, but the thermoplastic is nonporous and, hence, less 
leachable. It is questionable whether such physical encapsulation waste forms will pass the 
Toxicity Characteristic Leaching Procedure (TCW). Also, cun-ent Environmental Protection 
Agency guidance is that chemical fixation, rather than just physical encapsulation, is 
required. For this reason, cementitious S/S is the best demonstrated a d a b l e  technology for 
the Resource Consewation and Recovery Act metals. 

Bitumen has been used extensively in Europe, and a couple of commercial vendors offered 
bitumen encapsulation in the U.S. However, bitumen creeps and requires a container (e.g., 
a -gal drum or concrete vault) for structural integrity. Bitumen absorbs water, swelling as 
it does so. Encapsulated soluble salts will set up large osmotic pressures within 
thermoplastic waste forms upon contact with water, causing further expansion for bitumen 
waste fonns. Concern also exists about encapsulating nitrate salts (known oxidizers) in 
thermoplastics and the biodegradability of these waste forms. Once ignited, such a mixture 
may burn without access to air. The combination of these problems has made bitumen less 
popular, despite its superior leach resistance to cementitious waste forms. Polyethylene may 
overcome most, if not all, of these problems, but it is only a laboratory development. 
Polyethylene offers the structural integrity lacking in bitumen. Also, the Brookhaven National 
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Laboratory has studied polyethylene as a waste form for DOE and claims that nitrate salts 
encapsulated in polyethylene will pass fire and self-ignition tests. Brookhaven has not 
developed the technology for drying the waste before encapsulation in polyethylene or 
encapsulated actual wastes. They have makly studied the properties of dry salts 
encapsulated in polyethylene. So, the technology is mainly a laboratory development. Passing 
the Taxidty Characteristic Leaching Procedure (TCLP) remains to be demonstrated, as well 
as production with actual wastes on the laboratory scale and pilot scale and a demonstration 
at an actual site. 

Silvey and Kaczmarsky (1988) estimate that asphalt encapsulation of spent beads and 
powdered resin fi-om a boiling-water reactor (BWR) will result in volume reduction factors of 
4.4 over S/S, of 2.22 mer dewatering bead resin, and of 1.67 over Ecodex in high-integrity 
containers. Significant cost savings over the replaced technology are expected using volume 
reduction and asphalt encapsulation. Chalifoux, et. al., (1988) report ratios of initial waste 
volume to disposal volume (V/R) of 1.9 to 4.0 for different radioactive wastes from a BWR 
encapsulated in asphalt compared to a typical V/R range of 0.5 to 0.75 for BWRs that use 
volume-increase technology such as S/S. The spent resin V/R was 1.9, resulting in a volume 
reduction factor over S/S of 2.5 to 3.8, compared to the 4.4 reported by Silvey and 
Kaczmarsky (1988). 

Jacobs et. al., (1984) estimated the costs for treatment (including transportation and burial) 
of 12,700 ft3/year for 30 years of concentrated BWR waste for the following options: 

1. 
2. 
3. 
4. 
5. Evaporation followed by S/S $89.21/ff; $11.93/gal - 

Crystallization followed by S/S $37/ft3; $4.95/gal 
Drying followed by S/S: $28.93/*; $3.87/gal 
Evaporation followed by encapsulation in asphalt: $35.20/fl?; $4.71/gal 
Drying followed by encapsulation in DOW binder (VES): $24.60/fp; $3.29/gal 

Sdence/Technology Needs: Passing the XLP test needs demonstration along with 
development of technology to dry the waste before encapsulation (for polyethylene). 
Resistance to biological degradation needs to be demonstrated. A means for handling volatile 
species can be explored, such as conversion of mercury into nonvolatile species or 
incMeration of organics. Materials susceptibility to corrosion at the elevated temperatures for 
the processing equipment needs to be explored. especially if chloride or fluoride species are 
present in the waste. 

Implementation Needs: Laboratory development of the entire process, including drving of 
the waste, followed by pilot-scale development and site demonstration are needed. 

Author. Roger D. Spenm/615-5746782 

1. Jesse R Comer, Chemical FiKation and Sdidi_Ecation of Hazardous Wastes, Van 
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THERMOPLASTIC ENCAPSU LATlON REMA-112-02 

Nostrand Reinhold, New York, N.Y., 1990. 

Wastes, edited by Reme Cote and Michael Gilliam, ASTM STP 1033, 1989. 
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1992. 

8. P. D. Kalb and P. Colombo, Waste Management Technology Development and 
Demonstration Programs at Brookhaven National Laboratory,” Vol. 1, Technology 2001: 
nze second National Technology Transfer Conference anti &position, BNL-46158, 
pp 283-291, Washington, D.C., December 1991. 

9. P. D. Kalb, J. H. Keiser, and P. Colombo, Long-Term DurabiZity of Poryeulyzene for 

presented at the American Chemical Society Symposium for Emerging Technologies for 
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EPRI NP-3577, JW 1984. 

EnCapsuklfh Of I;ow-Le~eZ Radioactive, H ~ Z C U ~ ~ U S ,  tlJzd Mixed Wastes, BNL-46359, 
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THERMOSET ENCAPSULATION REMA-113-02 

EM Problem: Remedial action 

Y-12 Problem: Buried Waste 

problem Area/Constituenfs Low-level waste, organics, metals, mixed waste 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentiay. applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resewation (ORR), radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-spednc 
characteristics are provided for each technology, specific regulatory requirements will be 
specified. 

Subelemeat: Treatment 

Alternative: Fmtion 

Technology: Thermoset encapsulation 

Status Accepted for ion exchange resins. Predemonstration for ashes and other fine solids. 
Conceptual for liquid wastes (product acceptance doubtful, evaporation to solids more likely). 

Polyurethane encapsulation was developed several years ago and is no longer used, because 
the acidic liquid produced during the polymerfc reaction caused problems of container 
corrosion and contaminant release. The main thermoset encapsulation is currentlyvinyl ester 
styrene (VES) encapsulation, although theoretically other thermoset polymers could be used. 
The VES encapsulation is accomplished by infiltration of, or mixing with, the monomer 
followed by polymerization, thereby encapsulating the waste. The-thermoplastic (polyethylene 
and bitumen) encapsulations require melting the polymer and mechanically mlrdng it with 
the waste and require elevated temperatures and dried wastes. The thermoset encapsulation 
does not require elevated temperatures or Wed wastes. VES encapsulation was originaUy 
developed by Dow Chemical, but is now being developed and marketed by Diversified 
Technologies of Chestertown, Maryland. It has mainly been developed as a means of 
encapsulating ion exchange resin, without the matrix failure experienced by cementitious S/S 
when the resin shrinks and swells with wetting and drying. The process developed is quite 
simple and does not require resin drying or mechanical mixing. The resin bed is drained of 
the aqueous solution, the VES monomer mix is infiltrated into the bed of wet resin (displacing 
the residual water clinging to the resin beads], and finally, the monomer is polymerized, 
forming a monolith of VES with the wet resin encapsulated inside. VES encapsulation of a 
resin bed does not result in a net increase in bulk volume, an important economic advantage 
for ultimate disposal. It is also possible to encapsulate beds of other large solids in a similar 
manner. Fine solids such as ashes from incineration may be encapsulated, but mechanical 
mixing will likely be required to get a homogeneous mix. Ostensibly, no interaction occurs 
between the waste and VES, but some materials may interfere with polymerjzation of the 
monomers, especially organic materials. Liquid wastes cannot be handled as presently 
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THERMOSET ENCAPSULATION REMA-113-02 

developed, except by evaporation to solids; but conceptually, an emulsion could be formed, 
leading to liquid waste dispersed throughout solid VES. Technically, this does not meet some 
definitions of no liquid, for disposal purposes. Also, this is aphysical encapsulation technique 
with no chemical immobilization of waste species. It is questionable whether VES 
encapsulation would pass a TCLP test. 

Jacobs et. al., (1984) estimated the costs for treatment (including transportation and burial) 
of 12,700 fl?/year for 30 years of concentrated BWR waste for the following options: 

1. 
2. 
3. 
4. 
5. 

Crystallization followed by S/S: $37/fl?; $4.95/gal 
Drying followed by S/S: $28.93; $3.87/gal 
Evaporation followed by encapsulation in asphalt $35.20; $4.71/gal 
Drying followed by encapsulation in DOW binder (VES): $24.60; $3.29/gal 
Evaporation followed by S/S: $89.21; $1 1.93/gal 

Sdence/Technology Needs: The need exists to try a Toxicity Characteristic Leaching 
Procedure test for Resource Conservation and Recovery Act metals. The need erdsts to develop 
a means to incorporate ashes into the monomer mix and to test the performance of the 
resulting product. The need exists to identify what materials will interfere with polymerization 
of VES or will weaken the resulting product. The need exists to quanti@ the residual 
monomer content after poJymerization and the potential release rate of this monomer. 

Implementation Needs: The need exists to quslifv this waste form for use with hazardous 
waste via TCLP tests. The technology is already demonstrated and is used for disposal of ion 
exchange resins. The need exists for laboratory development, for pilot-scale development, and 
for demonstrations for ash and fine particles. Liquid wastes will likely require pretreatment 
of evaporation to solids. 

Author: Roger D. Spence/615-5746782 
- 

References: 

1. Jesse R Comer, Chemical Rxaiion and solidi_ficafion of Hazardous Wastes, Van 

2. EnviroNnental Aspects of StubilizatZon and t3oMi.i.n of Hazardous and Radioactive 
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4. M. H. Jacobs, C. C. Miller, and L. G. Young, Low-hue2 Radwaste Engfneering Economics, 
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SULFUR POLYMER CEMENT ENCAPSULATION REMA-1 14-02 

EM Problem: Remedial action 

Y-12 Problem: Burfed waste 

Problem Area/Constituentsx Low-level waste, organics, metals, mixed waste 

Reference Requirements Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resenration (Om, radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-spedfic 
characteristics are provided for each technology, specific regulatory requirements will be 
specified. 

Subelement: Treatment 

Alternative: Fixation 

Technology: Sulfur polymer cement (SPC) encapsulation 

Status: Predemonstration. SPC encapsulation is like thermoplastic encapsulation in that the 
dried waste solids are encapsulated in the molten s u l f i ~ .  The advantages are similar in that 
little interaction is anticipated, a nonporous waste foxm results in less leaching, and drying 
liquids result in a net volume decrease. Sulfur is resistant to acid attack so that SPC has 
been used as a construction material in aggressive acid environments. On the other hand, 
sulfur cannot be used in other environments, such as high akalinily. These deletexious 
environments have been identified and must be avoided, illustrating the importance of waste 
characterkation. SPC has been studied as a waste form by the Brookhaven National 
Laboratory and in Europe. These studies have been on a laboratory scale, so pilot-scale 
studies and demonstrations are still needed. As with thermoplastics, it is questionable 
whether SFC will pass the Toxicity Characteristic Leaching Procedure (TCLP) test as a purely 
physical encapsulation technique. It is being touted as a radioactive waste form. The 
Europeans succeeded in pretreating ion exchange resins, so that resin encapsulated in SPC 
could be immersed in water without resin swelling, causing breakdown of the SPC matrix. 

Sdence/Technology Needs Performance in the TCLP test needs to be tested. Again, the 
technology for drying the waste before encapsulation needs development alongwith scale-up 
of the encapsulation process. 

Implementation Needs: Further laboratory development, pilot-scale development, and 
demonstrations are needed. 

Author, Roger D. Spence/6 15-5746782 
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SULFUR POLYMER CEMENT ENCAPSULATION REMA-1 14-02 

References: 
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POLYMER-IMPREGNATED CONCRETE/ 
POLYMER-MODIFIED CONCRETE REMA-115-02 

EM problem: Remedial action 

Y-12 Plant Pmblenx Buried waste 

Problem Area/Constitueattx Low-level waste, organics, metals, mixed waste 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the OakRidge Reservation (ORR), radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-speciac 
characteristics are provided for each technology, speciac regulatory requirements will be 
specified. 

Subelemeat: Treatment 

Alternative: Fbtion 

Technolow Polymer-impregnated concrete/polymer-modified concrete 

Status: Eholving technology. Although polymer-modified concretes are well established in 
the construction industry, application to waste forms is only conceptual, and polymer 
impregnation is an evolving technology. 

Basically, this technique is an extra step to achieve waterproofrng after cementitious S/S. 
Polymer impregnation has been studied over many years and is usually reshicted to 
treatment within a few millimeters of the surface; polymer modification has been developed 
over many years and introduces polymer throughout concrete during the mixing step. Both 
have been used as a means of waterproofing and environmental protection for structural 
concrete. Impregnation usually is attempted as remedial protection years after the concrete 
structure was made. A technique was invented at the Oak Ridge National Laboratory to 
achieve essentially complete monomer permeation throughout a waste form by adding 
polystyrene foam during mixing of the cementitious waste form. The same technique is used 
in polymer modification in which latex, for example, is mixed into the concrete. The foam bits 
introduce porosity into the waste form, potentially making a weaker product, not of great 
concern for waste forms. The styrene monomer collapses the polystyrene foam, helping to pull 
monomer throughout the cementitious matrix. The monomer then is polymerized, giving a 
waterpmfhg component throughout the waste form. This treatment protected cementitious 
waste form samples from attack by concentrated hydrochloric acid. Laboratory development 
sw1 is needed to optimize the treatment and to test the properties of the resulting waste form. 
The product has the advantages of a cementitious waste form with the added protection of 
a waterproofhg layer throughout the waste form. Leaching will still occur across the 
polymeric barrier from the porous cementitious waste form. Brookhaven National Laboratory 
(BNL) acquired a patent using polymer impregnation of cement as a means of disposing of 
treated water. 
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POLYMER-IMPREGNATED CONCRETE/ 
POLYMER-MODIFIED CONCRETE REMA-1 1502 

Science/Technology Nee& Further laboratory development, pilot-scale development, and 
demonstration as a waste form are needed. 

Implementation Needs: The need exists for further laboratory development, pilot-scale 
development, and demonstration. 

Author: Roger D. Spence/615-5746782 

1. Jesse R Comer, Chemioal Ferntion and EbW@ntbn of Hazardous Wastes, Van 
Nostrand Reinhold, New York, N.Y., 1990. 
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CERAMIC ENCAPSULATION REMA-116-02 

EM Problem: Remedial action 

Y-12 Plant Problem:. Buried waste 

Problem Area/constituentS: Low-level waste, organics, metals, mixed waste 

Rekence Requiremaw Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation ( O W ,  radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-specific 
characteristics are provided for each technology, specific regulatory requirements will be 
specified. 

Subelement: Treatment 

Alternative: Fixation 

Technology: Ceramic encapsulation 

Status: Evolving technology (conceptual, some laboratory woru . Ideally, mineral phases can 
be identifled and generated for each waste specie, but this may not prove feasible, and some 
species may be encapsulated or limited to grain boundaries. One advantage of this waste 
form is its thermodynamic stability. The amorphous calcium silicate hydrate matrix of 
cementitious waste forms is thermodynamically unstable, although it may last for millennium 
in dry environments. Glass is a supercooled liquid. Ceramics are dense mineral phases, 
thermodynamically stable. As with glass, ceramics can be made with low porosity, making 
them less leachable than cementitious waste forms. As with cementitious waste forms, the 
chemical phases have low solubility, potentially making themless extractable than glass 
waste forms. Species relegated to grain boundaries (or physically encapsulated) may be just 
as extractable as before treatment. TCLP testfng of specific waste forms is needed to verify 
this chemical stability. This technique is in its infancy. Some wastes are ready-made for 
conversion into ceramics, whereas others may require significant chemical conversion. The 
waste must not only be characterized as to elemental species, but also as to chemical species. 
This is a high-temperature technique with thermal destruction of organics, but it may not be 
amenable to some volatile and semivolatile species, such as mercury, tritium, iodine, cesium, 
and technetium. 

Science/Technology Needs: The need exists for laboratory development to prove that the 
concept is feasible for some wastes, to prove the means of achieving a ceramic, to identify 
which species are incorporated into ceramic phases and which are not, and to prove the 
necessary organic destruction and means of handling nondestructible volatilized species. 
Need pilot scale and demonstration once necessary laboratory work done. 

Implementation Needs: The concept needs to be definitively proven in the laboratory, and 
performance testing needs to be done. The need exists for Toxicity Characteristic Leaching 
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Procedure testing of Resource Consewation and Recovery Act metals. The need exists to 
establish which waste stream technique is applicable and which is not. Pilot-scale 
development and demonstration is needed after laboratov development. 

Authox Roger D. Spence/615-574-6782 

1. Jesse R Comer, Chemical Ftxat.ian and S0la-n of Hazardous Wastes, Van 
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VITRIFICATION REMA-117-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Buried waste 

Problem Area/cMstituents Low-level waste, organics, metals, mixed waste 

Reference RequiremMts: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resexvation ( O W ,  radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-specific 
characteristics are provided for each technology, specific regulatory requirements will be 
specifled. 

Subelememt: ?keatment 

Alternative: Fixation 

Technology: Vitrification. This device adds glass-forming constituents to waste feed to 
produce a pool of molten glass at the bottom of a reactor in which solid wastes react. Gases 
produced during combustion are released from the surface of the glass pool. Ash remains in 
the pool and is periodically removed with the carrier glass matrix. The removed glass is 
collected in storage containers and solidifles upon cooling. 

Statusc Predemonstration. A large database exists for high-level radioactive wastes, but not 
for low-level radioactive wastes or hazardous wastes. 

VitrinCation is a physical encapsulation technique that has been accepted for high-level 
waste. Vitrification results in a net volume reduction, even starzlng with a bed of solids and 
no liquids. This results in significant economic savings for ultimate disposal to compensate 
for the higher capital and production costs required to generate this waste form (compared 
to cementitious waste forms). Ostensibly, no interaction with the waste occurs, but it is 
questionable whether vitrified waste will pass the Toxicity Characteristic Leaching Procedure 
(TCLP) test. The waste form is nonporous and less leachable than cementitious waste forms, 
but the RCRA metals may be just as extractable after treatment as before, if truly allowed to 
come to equilibrium, as intended in the TCLP test. Laboratory testing is required, as with 
cementitious waste forms, to identify the compatible melt compositions. This technique 
occurs at higher temperatures than for thermoplastic encapsulations. Thus, water is driven 
off, but it is inappropriate for volatiles and may not be appropriate for semivolatiles. Organics 
are likely destroyed, but other volatiles and semivolatiles that cannot be destroyed (e.g., 
mercury, tritium, cesium, and technetium) may not be amenable to vitriiication. Such 
contaminants are commonly found in low-level radioactive wastes. 

The white paper prepared for EG&G Idaho, Inc., (EGG-WID-9449) evaluates the advantages, 
disadvantages, and costs of thermal treatment technologies, including vitrification by glass 
furnace and vitrification by microwave melting. Included among the disadvantages were 
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relatively high energy and capital costs and unproven technology for hazardous wastes. The 
capital cost and operating costs for glass furnace vitrification were estimated to be $3.9M and 
$0.78/kg feed. (Assuming a feed density of 1 kg/L, operating costs convert to $780/m3 or 
$2.95/gal.) 

In making a case for vitrification of low-level wastes, Gimpel and Diggs have made economic 
assessments and have published several papers (1992). together or separately, either 
claiming that the costs for vitrification are comparable with those of solidification/ 
stabilization (S/S) or that the costs for making the glass waste forms are higher, but the total 
Me cycle costs (including disposal costs and monitoring costs for 100 y after disposal) are 
comparable for the two options because of the higher volumes that must be disposed and 
monitored from S/S. They estimate the direct costs to be $9M220/m3 ($0.34-$0.83/gal) for 
S/S and $400/m3 ($1.51/gal) for vitrlilcation, but total costs (including disposal) at 
$1 l€36-$2090/ms ($4.44$7.91/gal) and $922-$1500/m3 ($3.49-$5.52/gal), respectively. The 
assmptions made regarding S/S appear reasonable, but are more questionable regarding 
vitriilcation. However, the authors make avalid point that most cost estimates are the direct 
costs of making the wastes and do not include disposal costs. The cost deficit from increasing 
the waste volume should be estimated for S/S or the cost benefit estimated from the volume 
decrease for vitrification. 

Koegler et al. (1988) has the following insights into waste viWcation: 

Estimated capital cost of $24.1M and total operating costs of $73M for granular glass, 
or $97M for casting into canisters, for a facility to vitrify 264K tons of waste over 6.5 y. 
This works out to $9l/ton capital costs and $277-$367/ton operating costs. 
“A favorable property of glass is its ability to accommodate a wide variety of 
compositional variations and still maintain its basic durability.” 
“The amount of glass to be produced is expected to be determined by the fluoride 
solubility limit in the glass. Fluoride, a major constituent in the m a t e  sludges, has 
a maximum glass solubility of about 5 wt%.” 
“Of the priority pollutant metals, mercury is known to escape from the glass during 
vitrification due to its high vapor pressure.” 
“On a cost-per-volume basis, the disposal costs are estimated at $256/m3 or $322/m3, 
depending on whether the glass product is fritted or placed in canisters.” 

Buelt (1 985) has the following insights about Vltritlcation: 

“The process is not amenable to waste solutions with signuicant concentratiolls of 
sulfates (Le., 44% on a dry solids basis). Sulfate solubility in glass is limited to 0.5 wt%.” 
“In addition to producing a geologically stable waste fonn, MEVS significantly reduces 
the volume of the waste to be destroyed.” (MEW3 stands for the Mobile Encapsulation 
and Volume Reduction System touted by the author. MEVS employs a joule-heated glass 
melter to vitrify low-level wastes.) 
“The cementation process actually increases the evaporated waste volume by a factor 
of 1.3, which increases the transportation and disposal cost” 
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The estimated disposal cost for cementation, MEVS of resins, and MEVS of concentrated 
liquid are $295, $218, and $191/ft3 wet wastes ($39.44, $29.14, and $25.!%/gal wet 
wastes), respectively, including amortized capital, processing, transportation, and 
disposal costs. (processing costs for cementation in this reference are orders of 
magnitude higher compared to other sources.) 
“Burial costs are 1/3 and 1/2 of the cementation disposal costs for resins and 
concentrated liquids respectively.” 

Science/Technology Needs: The need exists to demonstrate the technology’s effectiveness 
for those semivolatile species commonly found in low-level waste. For hazardous waste, 
incinerator efficiencies must be demonstrated for organics as well as the abilily to handle 
volatile and semivolatile metals. Typically, mercury must be removed before vitrification, and 
Cs- 137 has been found in the off-gas. Catholic University is studying this technique for DOE. 
Claims are made that vitrified wastes pass the TCW test, but this must be verified, and the 
Resource Conservation and Recovery Act metal limits in the vitrified waste must be 
quanwied. 

Implementation Needs: Laboratory testing of a specific waste or waste stream is necessary 
to establish the glass composition. Some laboratory testing of certain wastes has been done, 
but these would need repeating for Y- 12 wastes, and pilot-scale testing and demonstrations 
have not been done. Likely, this must be repeated on a case-by-case basis, just as with 
cementitious waste forms. 

Author. Roger D. Spence/615-574-6782 
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EM Aoblem: Remedial action 

Y-12 Plant Problem: Soils/sediment 

Problem Area/Constituents: Volatile organic compounds and fuel-based hydrocarbons in 
soil 

Reference RequirementS: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation ( O W ,  radiation protection standards, Department 
of Energy DOE) Orders, and nonregulatory guidance. As site- and waste-specinc 
characteristics are provided for each technology, spe-c regulatory requirements will be 
specified. 

Subelements: Treatment 

Alterpative: Destruction 

Technology: Soils treatment using bioremediation. Bioremediation refers to a wide range 
of biological processing options that rely on microbial transformation of organic contaminants 
to &ect cleanup of soils. The microorganisms, principally bacteria, metabolize the 
contaminants into benign forms to obtain energy and/or carbon. Bioremediation can occur 
in situ (at the contaminant location) or ex situ (away from the contamination site), and can 
take place under aerobic (with oxygen) or anaerobic (without oxygen) conditions. Many 
organic contaminants, including polynuclear aromatics and nonhalogenated species, can be 
biodegraded more rapidly under aerobic conditions. Some halogenated compounds are more 
readily degraded anaerobically. 

The activity of naturally occurring microorganisms is greatly affected by soil conditions such 
as moisture content, pH, redox potential, temperature, oxygen content, porosity, and most 
importantly, availability of nutrients. These soil properties can be manipulated to achieve 
optimal conditions for microbial activity, stimulating or accelerating the breakdown of target 
contaminants. 

Techniques for manipulating properties of soils near the surface (less than 1.5 ft deep) 
include solid-phase treatment [Le., conventional soil management practices such as 
wllng/mixing or irrigatingl, contained d i d  phase treatment (e.g., compostin@, and 
slurry-phase treatment. Techniques for bioremedkxtion of subsurface soils include soilventlng 
and fluid cycling. These techniques "push and pull" air or water, that have been generally 
amended with nutrients or other soil conditioners, through the soil with injection and 
extraction wells. 

Besides using microbes that already exist at the contaminated site, one can introduce and 
adapt organisms normally found elsewhere to degrade the contaminant.13 The addition of 
microbes to the soil, or microbial augmentation, may be desirable if the native microbe 
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community lacks the metabolic capability to degrade target contaminants, or if native 
organisms capable of degrading contaminants exist in very low numbers or are poorly 
distributed throughout the soil. Augmentation of biological systems with exogenous (not 
native to the soil) microbes may be most effective against a single compound or a closely 
related class of compounds. Also, combining microbes may actually speed up degradation? 

Status: Predemonstration. Highly chlorinated compounds, like the TCE found inY- 12 soils, 
are not easily degraded, and in situ or ex situ remediation of soils with these contaminants 
is considered to be in the laboratory stage. 

In situ bioremediation of contaminated soil has been attempted under variable conditions 
with several volatile compounds.es Laboratory-, bench-, and pilot-scale testing are being 
done on various properties, but no testing is being performed on all parameters at the same 
lime. 

Excavated soils can be biologically treated using naturally occurring or genetically engineered 
bacteria to remove contaminants, including VOCs, SVOCs, and PAHs. Of the various 
potential ex situ methods, sluny-phase seems the most Demonstration of 
slurry-phase has been carried out by Bio'lYol as a pilot study for EPA'.'' An EPA Site 
Demonstration for BioTrol was set for the fall of 199 1. No literature was found on the results. 

The use of ex situ bioreactors offers better control over temperature, chemical, and biological 
conditions than in situ operations. It is more likely to be used with difficult contaminants. 
The bioreactor can be incorporated into a soil washing system. The difl[iculty of 
biodegradation depends upon the contaminants of interest, but recent demonstrations have 
worked with compounds that are normally resistant to degradation such as wood presexving 
chemicals. 

- 
There are various potential options for inoculating soil with microorganisms with a specific 
metabolic Capability. These options are described below; however, only the Grst is readily 
a d a b l e  now. The others are fn varying stages of development. 

Commercially available cultures: Presently, microbial innoculanb (pure or mixed bacterial 
cultures) are commercially available that can degrade a wide range of compounds, 
including some chlorinated compo~nds .~* '~*~~  However, as mentioned previously, a 
particular culture is generally most effective in degrading one compound or a group of 
closely related compounds. 
Cometabolic cultures: These organisms have been demonstrated in field applications. They 
can, in the presence of a growth substrate, transform target contaminants even though 
t h e y  derive no direct benefit. Cometabolism of W E ,  which is otherwise not biodegradable 
under aerobic conditions, in the presence of methane, phenol, or other growth substrates 
is in the development and demonstration stage. Cometabolism of carbon tetrachloride 
under denitrifying, anaerobic conditions is also in the development stage. Many 
cometabolic cultures are indigenous to soil, and may not need to be added.'* 
White Rot Fungus (Phanerochaete Chrysosporium): This fungus is available from at least 
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one company; it has been used in the laboratory and in several full-scale decontamination 
operations.’” It reportedly can degrade halogenated compo~nds’~ and a variety of 
recalcitrant organics. 
Genetically engineered microorganisms (GEMs]: GEMs are currently in the development 
phase. There are two approaches to this method. One approach utilizes microbes that are 
known to degrade certain organics and adapts them to the environment of the 
contaminated site. This is not necessarily a genetic approach, but it can involve gene 
manipulation.’” The other approach involves genetically engineering bacteria that thrive 
in contaminated soils and adapting these populations to degrade certain organics. This 
approach is a recombinant DNA approach that involves gene manipulation. 

For ex situ bioremediation, the waste produced will be minimal if the treated soil can be 
returned to the ground, or if the treated soil does not have to be handled as a waste. 
However, as with any ex situ treatment, if the treated soil is not permitted to be returned, the 
waste volume will be large. For those subsurface bioremediation treatments, where air or 
water is passed through the soil, the extracted air or water will probably need to be treated. 

Science/Technology Needs: Idenmcation of, and experimentation with, naturally occurring 
microbes is needed for Y-12 soils. Similar information will be needed on the ability of 
exogenous organisms to stwive, grow, and function in Y-12 soils; especially important will 
be the &ect of low levels of radiation on the microbes. This information will be helpfd in the 
selection of local or manufactured strains with the traits to handle site contamination. 

Soil characteristics should be explored to determine optimal conditions for degrading organics 
in microbiological populations. The relatively low porosity and high fractions of silt and/or 
clay in the Y-12 soil may limit in situ applications. Field-scale tests should be considered if 
laboratory results indicate signlacant organic reduction using bioremediation. Control/test 
plots at Y- 12 sites should be designed so that adequate comparative analysis can be done to 
establish decay rates. 

Ex situ techniques should be thoroughly evaluated for process flexibility and cost 
effectiveness when other, possibly less expensive, in situ applications are available. Particular 
emphasis should be given to improving the reliability of the treatment; this usually requires 
an understanding of the parameters that affect biodegradation. 

Because of the high volatility of some of the organic compounds, it is not always easy to be 
sure that all (or any) decrease in VOC concentrations are due to biodegradation rather than 
vaporization. Great care must be given to handling the soils to prevent uncontrolled 
evaporation that could be confused with bioremediation. Treatment methods that handle the 
soil in “open” bioreactors probably will not be acceptable at Y-12 because the chlorinated 
volatile compounds most likely to be found at Y-12 generally can not be released to the 
atmosphere. 

The technology of biodegradation and bioreactor design are developing rapidly, and 
improvements in cost and performance appear to be resulting from current activities. Most 
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organisms used in bioreactors have been developed fi-om organisms found at similarly 
contaminated sites, but future modifications of the organisms may pnwide signillcant 
improvements. Innovative bioreactors that can handle solids, retain organisms, and optimize 
reactor conditions should be encouraged. 

Implementation Needs: Biodegradation still is not understood well enough to avoid c a r M  
treatability studies, and the acceptable treatment level needs to be established. Then the 
capabilities of in situ bioremediation for chlorinated contaminants at Y- 12 must be assessed 
and demonstrated. In situ bioremediation usually requires relatively few facuties. However, 
it does require time and suitable procedures to verify that the treatment was successful. For 
ex situ bioremediation, depending on the advancement of this technology, Y-12 will need a 
large water sowce and adequate sites for equipment and/or mobile equipment. 

No literature was found to show results of large-scale testing or site demonstrations. In any 
event, such testing on Y- 12 soils would be necessary to establish this approach, for both local 
and manufactured cultures, as a viable full-term soil remediation method. Ex situ 
bioremediation may prove to be an effective treatment method when applied in conjunction 
with extractive technologies, such as physical separation and soil washing. Large-scale tests 
and demonstrations should be part of an integrated approach that combines two or more 
treatment technologies that will accommodate the mixed waste problems that are likely to 
exist at Y-12. 

At this time, bioremediation enhanced by manipulation of local conditions of soil 
contaminated with organic compounds appears very cost effective. Costs for the in situ 
method are generally lower than ex situ methods but vary considerably. Costs for remediating 
soils contaminated with highly chlorinated compounds is only conjectural since processes 
are not developed. However, in situ bioremediation for other less refractive compounds can 
be relatively inexpensive, perhaps much less than $100/ton. Costs for ex situ bioremediation 
are likely to be moderate; e.g., costs in the range of $10&$200/ton may be achieved. One 
estimate suggested a cost of $165/ton.” Development and demonstration costs are 
uncertain because both the probability of success and the difficulties to be encountered are 
more uncertain than for most technologies. These costs would probably be less than $5M, 
could possibly be about $3M. 

Author: Daniel Sloan/615-483-9032 
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EM Problem: Remedial action 

Y-12 Plant problem: Soils/sediment 

Problem Ama/constitueatS: Organic compounds and metals in soil 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation (ORR), radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-speclfic 
characteristics are provided for each technology, specific regulatory requirements will be 
specified. 

SubeAementsx Treatment 

Alternative: Chemical separation 

Technology: Soils treatment using solvent extraction. Solvent extraction consists of 
(1) contacting a solvent with contaminated solids (or sludges) to preferably dissolve the 
contaminants in the solvent, (2) separating the contaminant-rich solvent from the treated 
soil, and (3) removing the contaminants from the solvent and recycling the recovered solvent 
into the extraction process. 

Both liquid and gaseous solvents can be used. Liquid solvents can be separated fiom the soils 
by letting the solids settle out and then decanting the liquid; gaseous solvents can be 
removed using vacuum pumping. Two typical solvents used in industry are triethylamine and 
kerosene. Desirable features for an extraction solvent are (1) that it have a high capacity for 
the target contaminant, (2) that it be selective in component extraction, (3) that it not pose 
a major flammability or explosion hazard, (4) that it be reclaimable/recyclable, (5) that it be 
relative& inexpensive, and (6) that it be nontoxic and noncorr&ive. 

Sohnt extraction may use either in situ or ex situ techniques. In situ solvent extraction is 
similar to soil flushing where solvents are used as the flushing agent. The solvents are 
delivered to the contaxninated soil using injection wells or a gravity system (e.g., flushing 
basin or trench). Recovery of the contaminant-laden solvent is accomplished using a series 
of shallow wells or subsurface drains. In situ extraction is most effective in homogeneous 
permeable soils, and in soils with low recharge or adsorptive capacity for contaminants. Since 
it is important, yet difficult, to recover completely the solvents from the treated soil, ex situ 
techniques are often preferred to in situ techniques. 

Ex situ solvent extraction gene'ially consists of transferring the contaminated soil to 
contacting equipment where the soil is mixed with the solvent. After adequate exlraction, the 
solvent is removed fiom the contaminant-depleted soil via decantation, and distilled in an 
evaporator or column. The distilled vapor consists of relatively pure solvent that is recycled 
into the extraction process. The liquid residue, concentrated with contaminants, undergo 
further treaiment or disposal (e.g., incineration). The soil, after the solvent has been decanted 
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Minimum of extraction stages for "complete" 
extraction of organics from contaminated sludge* 
using equal masses of wet sludge and extractant 

Material Extracted Solvent Extractant 
Oil and =ease Phenol 

Triethylamine 4 1 
Isopropyl alcohol 11 7 
CFC 113 6 15 
Acetone 22 5 
Hexane 9 21 
CI5 Aliphatic 15 
Tergitol (Aql 43 6 

Aqueous pH 10.6 7000 16 

Aqueous pH 8.42 > 1 15,000 13 

*Sludge contains 230,000 ppm oil and grease, and 6400 ppm phenols. 

Polyethyleneglycol (5Wh Acj 2000 11 

Aqueous pH 9.58 8000 11 

Aqueous pH 7.62 >115,000 7 

References 
R L. Fellows, W. D. Bostick, J. L. Shoemaker, I. L. Morgan, ''Ektraction of Organics from 
Sludge: CPCF Sludge Extraction Evaluation-Bench-Scale Chemistry Tests," Oak Ridge 
K-25 Site Report K/QT-406, April 199 1. 

Gdence/Technology Needs: Investigation is needed to determine the type, concentration, 
and solubility of the contaminants in order to select the appropriate solvent and to size the 
extraction equipment. The extent of contamination will also help size equipment, as well as 
determine throughput (the throughput rate may range from 2-5 ton/hour). 

Implementation Needs: Soil pretreatment requirements, such as pH adjustment or size 
reduction equipment will need to be evaluated. Posttreatment or heating requirements of the 
soil must also be determined. 

The ef3cimcy of the extraction process will potentially decrease if the solvent reacts with the 
contaminants. In addition, the solvent and solute phases, as well as the aqueous residuals 
from the solvent stream, may form azeotropes that are difficult to separate via simple 
distillation or evaporation. In part for these reasons, field trials are necessary to discover the 
severity of potential technical constraints. 

Solvents may extract metals and radionuclides as well as organics. Since multiple types of 
contaminants were discovered in Y-12 soil samples, solvent selection may need to take into 
account this multiplicity. If no single solvent or group of solvents addresses sUmciently the 
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off, is washed and dried to remove residual solvent. This may OCCUT in the same vessel where 
the extraction was performed or a separate vessel. Final disposal of the soil depends on the 
type and concentration of the residual solvent remains in the soil. 

An alternate ex situ solvent extraction method uses supercritical fluids as solvents. Solvents 
are made supercritical by manipulating temperature and pressure; such solvents may exhibit 
increased extraction capacity. The waste (in a pumpable foxm) and the supercritical fluid 
intimately rnix in a counter-current extractor. When the contaminant-laden supercritical fluid 
leaves the extractor, it is depressurized; this significantly reduces solubility and induces 
contaminant precipitation. 

Status: Predemonstration. The U.S. Environment Protection Agency has completed several 
pilot tests for application of solvent extraction to soils contaminated with petroleum 
hydrocarbons, PCBs, and other organics. Removal emciendes varied si@cantly, 
approximately 50%-95% for petroleum and other hydrocarbons. Solvent extraction is being 
considered for use at various sites contaminated with organics and metals, but most 
applications are still in the predesign or design phase. 

Soils flushing is a new and innovative technology. Few full-scale systems have been operated 
and little operating information is available. Field studies are planned and investigations are 
being conducted to determine appropriate solvents for mobilizing various classes and types 
of waste constituents. 

Solvent extraction does produce residuals that will require disposal. The treated soil, if not 
sufnciently clean to be returned to its original location, may also require separate storage or 
disposal. 
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Y-12 soil contaminants, an integrated approach could be proposed and studied that would 
accommodate the mixed waste problems that are likely to exist. Large-scale tests and 
demonstrations should be part of the integrated approach. 

Equipment and facilities will be needed to perform the ex situ solvent extraction and to store 
waste residuals. Facility and process costs will vary significantly depending on the 
pretreatment, extraction, and posttreatment required. Costs are likely to be moderate, 
perhaps $200-$300/ton. Development and demonstration costs are uncertain because both 
the probability of success and the difficulties to be encountered are Micult to predict; these 
costs could range from !§3M-$5M. 

Author: Daniel Sloan/6 15-483-9032 

References: 

1. ReOpt V2.0 User Guide, PNG784O/UC-602, 630, Battelle Memorial Institute, Hanford, 
Wash., October 1992. 
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EM Problem: Remedial action 

Y-12 Plant Problem: Soils/sediment 

Problem Area/constituentS. Organic compounds and metals in soil 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resewation (Om, radiation protection standards, Department 
of Energy (DOE) Orders, and nonre@atoxy guidance. As site- and waste-spedfic 
characteristics are provided for each technology, specific regulatory requirements will be 
SpeCitied. 

Subelements: Treatment 

Alternative: Destruction 

Technology: Soils treatment using oxidation or reduction. Chemical oxidation raises the 
oxidation state of a substance by the removal of electrons or the addition of oxygen to the 
substance. Reduction lowers the oxidation state of a substance by donating electrons to the 
substance. Oxidation or reduction may result in the transformation, degradation, and/or 
immobilization of the soil contaminants. The chemical transformations may OCCUT naturally 
in a soil system or by the addition of an oxidizing/reducing reagents to the soil/waste 
complex. 

For oxidation to occur naturally in soil systems, the reduction oxidation potential of the solid 
phase must be greater than that of the organic chemical contaminant. Therefore, the 
reduction oxidation potential of chemical contaminants needsto be below the reduction 
oxidation potential, approximately 0.8 volts of well-oxidbed soil. Water-soluble compounds 
should be more readily oxidized in clay-catalyzed systems, because sorption to the 
hydrophilic clay mineral sm-hce, which is the oxidation reaction site, precedes the oxidation 
process. Also, greater oxidation of chemical contaminants is expected in less saturated soils. 

Another method of oxidizing wastes in soil is by the addition of oxidizing agents such as 
ozone, hydrogen peroxide, or potassium permanganate to the contaminated soil. All of these 
are strong oxidizing agents and are nonselective. Certain compounds, such as phenols, 
aldehydes, and aromatic amines, are more oxidizable in soils than compounds such as 
halogenated hydrocarbons, chlorinated insecticides, benzene, and saturated aliphatic 
compounds. 

Chemical reduction is often used to convert metals to less soluble or toxic forms. Examples 
of this include the reduction of hexavalent chromium to trivalent chromium and the 
reduction of hexavalent selenium to selenium tetravalent or to elemental selenium. 
Chlorinated organics, unsaturated aromatics and aliphatics, and other organics susceptible 
to reduction are also amenable to treatment by reducing agents. Chemical reduction may be 
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accomplished using catalyzed metal powders and sodium borohydride. Several processes 
have been developed for the reduction and dehalogenation of PCBs and dioxins. These 
processes employ sodium- or potassium-based chemical reagents to remove chlorine from 
PCB and dimin molecules. 

Chemical treatments may be performed ex situ or in situ. Ex situ oxidation or reduction 
generally consists of transferring the contaminated soil to contacting equipment where the 
soil is mixed with the reagents. In situ treatment generally requires incorporation of the 
treatment reagent into the contaminated medium. The means by which this is done is largely 
dependent on the depth of the contamination. Conventional agricultural techniques (using 
implements such as plows, harrows, discs, sprayers, spreaders, and injectors) can be used 
in cases where the contamination is in the shallow subsurface zone. In cases of deeper 
contamination, the treatment reagent is typically introduced into the subsurface in an 
infiltration trench or injection well. The infiltration trench or injection well is often coupled 
with drains or production wells to induce flow of the reagent througjh the contamination. This 
“closed loop” approach can also be used to extract mobile contaminants from the subsurface 
and provides some degree of control of the migration of both contaminant and reagent. 

Status: Limited Demonstration. In situ chemical oxidation with hydrogen peroxide has been 
demonstrated at the field level (Portsmouth X-231B Technology Demonstration) as an 
effective remediation technique for TCE contaminated soils and ground water. This approach 
included the delivery of hydrogen peroxfde to the contaminated subsurface using deep soil 
mixing and reagent injection equipment. 

Chemical oxidation of organics with potassium permanganate and ozone has been performed 
in aqueous matrices and on a limited basis with waste sludges. Relevant ORNL field tests 
have not been demonstrated. 

Reduction of chromium and selenium in a soil matrix has been-accomplished in laboratory 
studies, but the status of the treatment technique at full scale is conceptual. 

Sodium reduction and dehalogenation of PCBs and dioxins have been applied to the ex situ 
treatment of contaminated soils, but is still in the developmental stage for in situ soil 
decontamination. 

Chemical treatment may produce residuals that will require disposal. The treated soil, if not 
suf€iciently clean to be retumed to its original location, may also require separate storage or 
disposal. 

sdence/Tecbnology Needs: Soil characteristics such as moisture content, porosity, and 
particle size distribution are used to evaluate the ability to deliver reagents to the matrfx. 
Waste characterization is used to determine the suitability of the material for in situ 
treatment and to select the appropriate oxidizing agents. Hydrogeological data is used to 
determine the abilily to recover untreated or unreacted material and to determine the 
injection locations. Chemical interactions are assessed to determine the reagent dose and its 
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impact on the contaminants of concern plus on other chemicals present. In many instances, 
the intermediate products of chemical oxidation can be further oxidized if sufficient oxidizing 
reagent is applied. 

Implementation Needs: The soil contaminants at Y- 12 include radionuclides that are not 
effected by chemical treatments. An integrated approach could be proposed and studied that 
would accommodate the mixed waste problems that are likely to exist at Y-12. Large-scale 
tests and demonstrations should be part of the integrated approach. 

Safety and pollution control must be considered in the selection of particular regents because 
of the potential for violent reactions and the possibility of hazardous reaction products. 

There are two in situ chemical treatment scenarios. One involves mixing the chemical 
reagents into the soil matrix. This scenario typically does not involve recovery of the 
treatment residuals. The second scenario involves allowing the chemical reagents to travel 
through the zone of contamination. This scenario typically requires recovery and treatment 
of residuals. Final disposal of the soil depends on the type and concentration of the residual 
reagent and contaminant remaining in the soil. Equipment and facilities will be needed to 
perform the ex situ chemical treatment and to store waste residuals. 

The cost of this technology could vary depending on cost of the oxidants and required reagent 
delivery systems. The reagent delivery systems requirements vary depending on the depth to 
contamination and the hydrogeological characteristics of the contaminated site. Both 
potassium permanganate and hydrogen peraxide are commercially available and can be 
obtained without much difficulty. Although the application of in situ hydrogen peroxide 
oxidation only requires weak peroxide solutions, many vendors deliver higher strength 
solutions to be diluted prior to use. There may be handling, storage, and disposal problems 
with these higher strength peroxide solutions. Overall, the unit cost for soil treatment would 
likely be low (roughly $100-$200/ton). Development and demonstration costs are uncertain, 
but could range from $3M-$5M. 

Author: Dianne D. Gates/6 15-576-0427 

References: 

1. ReOpt V2.0 User Guide, PNL784O/UC-602, 630, Battelle Memorial Institute, Hanford, 
Wash., October 1992. 
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EM Problem: Remedial action 

Y-12 Plant Problem: Buried waste 

problem Area/Constituents Low-level waste, metals, organics, mixed waste 

Rebrenw Requiremepts. Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the OakRidge Reservation (Om, radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-specific 
characteristics are provided for each technology, specffic regulatory requirements will be 
specified. 

Subekments Treatment 

Alternafive: physical separation 

Technology: Physical sorting. Waste is sorted into categories determined by planned 
treatment. In some operations, containers of waste are emptied onto a revolving table. 
Workers in protective clothing and respirators sort waste articles into predetermined 
treatment categories. Worker radiation exposure is monitored. Secondary wastes include 
protective clothing and respirators, liquid from decontamination of personnel and equipment, 
and original waste containem 

Because considerable characterization information must be provided prior to waste 
transportation or acceptance at a commercial facility, physical sorting of retrieved buried 
waste would likely be constrained to on-site operations. Currently, no commercial sorting 
operations are permitted to handle mixed waste. Consequently, waste must be characterized 
well enough to cerUfy that no hazardous wastes are included. Additionally, smface radiation 
levels must be less than 200 mr/h, and sharps (including broken glass) must be excluded 
for acceptance at commercial facilities. Waste must also be characterized to satisfy 
transportation requirements. If physical sorting is utilized, it would thus need to be 
conducted on-site within the area of contamination, and provisions for protection of workers 
h m  radiological, chemical, and physical hazards associated with the uncharacterized waste 
would need to be provided, or on-site characterization and removal of nonconforming waste 
would be necessary. 

Status: Redemonstration. Although physical sorting is rouUnely performed by the private 
sector for characterized radioactive waste, it is not available in the private sector for 
uncharacterized waste such as retrieved Y-12 buried waste, and no facilities are currently 
permitted to sort mixed waste. 

Commercial operations process between 6,000 and 10,000 f f  of characterized waste per 8-h 
shift. and corresponding costs are estimated at $0.35/lb. Processing rates and costs for 
uncharacterized, retrieved waste are expected to be less attractive, with costs reaching $l/lb 

t 
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to accommodate additional worker protection. 

Science/Technology Needs: If off site sorting is deployed, waste must be characterized to 
meet the acceptance criter3a of the receiving facility and Department of Transportation (Dm 
requirements. If uncharacterized retrieved waste is sorted on-site, equipment and procedures 
must be selected and/or developed to afford protection of workers from radiological, chemical, 
biological, and physical hazards. Some remote operations may be necessary. 

Implementation Needs: On-site sorting would require construction of a facility with 
high-efficiency particulate air (HEPA) filtration. Presorting characterization instrumentation 
and/or remote-handling capabilities would need to be provided to identlfy and/or segregate 
excessive hazards. 

Author. Cindy Kendrick/6 15-574-6332 

References: Scientifk Ecology Group, Oak Ridge, Tenn., personal communication. 
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EM Problem: Remedial action 

Problem Area/constitueatS. LQW-level waste, metals, mixed waste 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation (Ow, radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-spedfic 
characteristics are provided for each technology, specific regulatory requirements will be 
specified. 

Subelememts Retrieval/treatment 

Alternative: Bcavation 

Technolog~c Modular excavation. A modular in situ retrieval and treatment system for 
buried waste trenches. The system would consist of multiple modules designed to excavate, 
shred, and process the buried waste on site. The equipment would be constructed on a scale 
large enough to excavate and treat entire trenches. The operating mechanism would begin 
at one end of a waste trench and progressively excavate the trench, shred the waste, process 
it, and discharge an acceptable waste form into the former trench location. DifZerent unit 
treatment modules could be designed to handle different types of wastes. This equipment 
could become a very effective delivery system for a variety of existing treatment options. 

Status Conceptual. No spednc development work has been done thus far on this type of 
system. However, many of the components of the technology are similar to existing 
equipment. The development effort would focus on three major areas: (1) design and 
fabrication of an excavation/shredding module; (2) development of unit treatment operation 
modules; and (3) real-time monitoring of waste as it travels through the unit treatment 
processes. 

Sdence/Technology Needs: The initial effort on this technology would be to perform 
studies to prove the concept, followed by design development and, fhally, prototype 
construction. A significant development and fabrication effort will be required to produce a 
remediation/treatment system. The primary needs include the following: 

Mechanical design of the modules, especially the excavator/shredder. 
Definition of an acceptable post-treatment waste form. Regulatory requirements for 

Development of the real-time monitoring equipment. 
disposal of the treated waste product. 
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Adaptation of the appropriate unit treatment operations to the mobile modules. 
Development of unit treatment modules to accept the wide variety of wastes present in the 
mixed waste trenches. 

A limited study to evaluate the feasibility of this technology is planned for F Y  94 at ORNL. 

Implementation Needs: The implementation needs are primarily for a mechanical and 
process engineering development effort to design the equipment and unit treatment modules. 
This would be a very large design and construction project. 

&tho= Bill Barton/615-576-0519 

References: Discussions with Y- 12 Engineering staff. 

September 1994 
Remedial Action 



ENTOMBED CLAMSHELL REMA-1 24-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Soils/sediments 

Problem Area/constituMts: Low-level waste, metals, organics, mixed waste 

Reference Requirementx Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation ( O W ,  radiation protection standards, Department 
of Energy DOE) Orders, and nonregulatoxy guidance. As site- and waste-specific 
characteristics are provided for each technology, specific regulatory requirements will be 
specified. 

subelemenw Retrieval 

Alternative: Excavation 

Technology: Entombed clamshell. Moditied clamshell bucket used to dredge contaminated 
sediments. The unique feature of the clamshell is related to the articulated sealed joints and 
bucket cover assembly. When the jaws of the clamshell are closed, the contents inside the 
bucket are totally entombed within the steel structure of the clamshell. 

Status: Demonstrated. A 4yd  clamshell bucket was fabricated and used by a chemical 
company to dredge approximately 20,000 yd3 of chlorinated hydrocarbons from the bottom 
sediments of their harbor docking facilities. The fabrication cost of the clamshell was $90,000 
(1990 dollars). 

An entombed clamshell excavation was selected over other dredging techniques due to the 
clayey nature of the bottom sediments and requirements to minimize any release of 
contaminates into the water column of the harbor as the sediments are excavated. 

The trial tests with the clamshell resulted in excavated spoil having a large portion of water 
being extracted with the contaminated soil. The low production rate was due to water (and 
air) being trapped under the hood of the cover assembly. The hood prevented water 
displacement as soil moved into the clamshell. Narrow slots were cut into the hood to allow 
water displacement as excavation proceeded. Production rate increases were realized. 
However, narrow slots in the hood of the clamshell were not consistent with the original 
intent of the entombed clamshell. 

Science/Technology Needs: An entombed clamshell is an attractive alternative for dredging 
contaminated clayey soil, especially if localized areas of spoil require removal. Modifications 
to the existing technology must allow for controlled removal of water from under the hood of 
the clamshell as the jaws are closed. The control may be accomplished by constructing the 
hood with brass porous plates that are attached to pressure relief hoses on the outside of the 
clamshell hood. The hoses could be made part of the hoisting lines for the clamshell. As the 
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clamshell is lowered under the water, compressed air could be pumped down the hoses to 
prevent water idltration into the hose. This will assure minimal leachate handling due to 
water inside the hoses. Once the clamshell jaws begin to bite into the soil and seal the face 
of the clamshell, the compressed air can be turned off and water in the top of the hood can 
be evacuated into the hoses. When the contaminated soil is dumped into muck barges, the 
water in the hoses will back flush the brass porous plates and assure free flow of water into 
the hoses when the next cycle of excavation is performed. If clayey soil becomes logged within 
the pores of the brass plates, then compressed air can be applied to the hoses to clear any 
blockage. 

Implementation Needs: Fabrication of entombed clamshell with suggested modifications. 
Gross weight of clamshell is 13 tons. Estimated fabrication cost is approximately $100,000, 
with a 10-week delivery date. Coordinate with Army Corp of Engineers for dredging schedule 
of Clinch River. Corp could utilize entombed clamshell in an uncontaminated reach of the 
Clinch River. Data gathering and evaluation could be performed by Martin Marietta Energy 
Systems, Inc. (MMES). Underwater photography should be considered for visual observation 
of clamshell performance during production. The estimated costs for implementation are: 

Clamshell fabrication $100,000 
Engineering support during fabrication 10,000 
(2) Environmental scientists 30,000 
(1) Geotechnical engineer 15,000 
(1) Commercial diver with camera (2 weeks) 10,000 
MMES management 50,000 
US. Army Corp (negotiate) 

Total (excluding USAE costs) $2 15,000 
- 

&tho= Joe Kauschinger/404-42 1-34.00 

References: Interm, Inc., Fabrication Drawings of Entombed Clamshell, Brecksville, Ohio, 
1990. 
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EM Problem: Remedial action 

Y-12 Plant Problem: Buried wastes 

Probkm Area/Constituents Bulk equipment and large items previously buried or stored 
in ways currently deemed to be unacceptable 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Wdge Reservation (Om, radiation protection standards, Department 
of Energy (DOE) Orders, and nonregulatory guidance. As site- and waste-specific 
characteristics are provided for each technology, specific regulatory requirements will be 
specified. 

subeleme3lts: Retrieval 

Alternative: EKcavation 

Technolog~c Bulk item exhumation. The mechanical removal of bulk equipment and large 
objects. These objects at Y-12 may include; contaminated piping, glove boxes, drums, 
packaged waste, process columns, and pressurized gas cylinders. In situ site characterization 
by a remote characterization system is essential to minimize the risk involved in excavating 
such objects. The present status of site characterization systems is that they can vaguely 
detect that "something is somewhere," and whether it's metal or not. Object identification has 
not been achieved, nor has exact location. In exhuming bulk equipment and large objects, 
it is likely the best approach is to perform surgical, localized excavation, removing as little 
of the surroundings as possible. Wical excavation equipment includes clamshells, backhoes, 
hnt-end loaders, trenchexs, forklifts, and overhead and tryaded vehicle cranes. Tool 
attachments necessary to do selective digging, like a manipulator or barrel-grabber are also 
needed. 

Depending upon site location, environmental conditions, and nature of hazards encountered, 
m y  other technologies may be needed either as a preparation or substitute for use of the 
above. Necessmy r e m a  technologies, whether in the alternative category of destruction, 
fkation, physical and chemical separation, or excavation, must be decided on a case-by-case 
basis. Many of these technologies are written for specific buried waste applications, but their 
use is not W t e d  to these. For example, in situ Vitrifcation (REMA- 18-02) has been identined 
as a means of fixing radioactively contaminated soils and sediments. Also it may be more 
effective than freezing and mining (REMA- 10-02) in recovering a ruptured drum and contents 
release during the initial exhumation attempt. However, some tanks must be emptied prior 
to excavation, an issue addressed by REMA-27-02, REMA-28-02, and REMA-29-02. 
Recision (REMA-9-02) or remote (REMA-38-02) excavation may be necessary in some cases. 
In the event of a crane or clamshell failure resulting in a contaminated piece of equipment 
contacting previously uncontaminated ground, a vacuum loader (REMA-101-02) might be 
the best choice. 
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Status Accepted. This technology is currently in use. 

Sdence/Techology Needs Research and development of in situ site characterization 
techniques that will produce shape imaging of buried objects. Possible need for retrofitting 
commercially available excavation equipment with remote or automatic control systems. May 
want to develop attachments for handling tools not commerciaLly available. 

Implementation Needs: Site characterization and procurement of any available burial 
records and documents. Need access to larger scale excavation equipment than what is 
currently available at Y-12 to enable handling of large items. Overhead bridge system or 
crawlers may be needed for crane deployment. Drag lines and trenchers may be needed to 
improve deployment logistics in general. Need to be able to mod@ equipment, such as 
combining a backhoe with a front end loader or replacing a bucket on a backhoe with a 
barrel-grabber. The presence of high levels of contamination or certain hazardous substances 
may require containment protection during excamtion, should a rupture or equipment failure 
OCCUT. 

&tho= Linda J. Talarico/615-5749736 

References: 

1. Dennis Haley, ORNJ., Robotics Division, 615-576-4388, personal communication. 
2. William Key, ORNL Applied Technology Division, 615-576-0278, personal 

communication. 
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EM Pmbleax Remedial action 

Y-12 Plant Problem: Groundwater, surf‘ace water 

Problem Area/Constituenttx Mercury 

Reference Requirements: Refer to the Regulatov Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Treatment 

Alternatives: Chemical Separation 

Technology: Sulfur-Impregnated Carbon (Ha. Adsorption/reaction of mercury on beads of 
activated carbon impregnated with sulfur. Contacting is typically done by passing the liquid 
through the columns. Limited to solution pHs above 3 or 4 to avoid hydrogen sulfide 
production. The in situ application of this technology for treatment of contaminated 
groundwater is theoretically possible. 

Status: Accepted. The material is available as “Mersorb from Nucon International and from 
the Calgon Corp. A few bench-scale tests were reported in the ORNL Chemistry Division 
A n n d  Report (OFWL-6152) of 1985. Distribution coemcients of 105 to 10“ liters/% were 
measured. Vendor literature gives a rule-of-thumb design throughput of 1 gpm/cu ft of 
sorbent. Maximum theoretical capacity of Mersorb is 75 wt. percent. The in situ treatment 
of contaminated groundwater by this technology is in the conce@ml stage of development. 
For additional information, see REh4.A-67-02. In Situ Activated Carbon. 

Sdence/Technology Needs: Engineering development tests are required with actual 
wastewaters to determine ldnetic and equilibrium parameters for design and analysis work. 

Implementation Needs: Characterization of Y-12 wastewaters need to be evaluated to 
determine where this technology can be implemented. Treatability tests using actual 
wastewaters are needed to determine pretrealment requirements and design parameters. 

Author: J. Perona, 576-9280 

References: Citation above and vendor’s literature from Nucon International, Inc. 
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EM Problem: Remedial action 

Y-12 Plant Problem: Groundwater, and surface water 

Roblem Area/Constituents. Mercury 

Refbrence Requirements Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreememts for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatoT guidance. As site- and waste-specific characteristics are provided for each 
technology, spedfic regulatory requirements will be specified. 

Subekment: Treatment 

Alternative: Chemical Separation 

Technology: Activated Carbon (Ha. Liquid-phase adsorption technology encompasses those 
processes that use a solid material of high surface area or permeability to selectively adsorb 
organic and inorganic contaminants from aqueous streams. Liquid-phase adsorption works 
on the prindple that the concentration of certain organics and inorganics will be higher on 
the surfaces of certain solids than in the bulk-liquid phase. The principal mechanisms 
involved in adsorption of organics are physical absorption and chemisorption. Physical 
adsorption occurs between the dissolved compound and the surface because of weak atomic 
and molecular forces such as Van der Waal forces. Chemisorption involves a chemical 
reaction between the compound and the surface of the solid. Most adsorbents also possess 
ion exchange sites which involve the exchange of ions. Granular activated carbon is, by k, 
the most commonly used adsorbent and system used in industrial waste treatment 
applications. It is invariably used in packed column systems. Contaminated water is passed 
through the column until the key contaminant is detected at some predetermined level in the 
emuent. Usually two or three columns are placed in series, so that the h t  column can be 
loaded to its maximum capacity while residual levels of the contaminant are removed in the 
subsequent columns. This technology may be applied for the in situ treatment of 
groundwater by passing contaminated groundwater through a permeable trench filled with 
activated carbon. 

Status: Accepted. Activated carbon is often used for the treatment of mercury contaminated 
groundwater and surface water. Activated carbon adsorption can remove up to 90% of a 
variety of dissolved mercury compounds and species from ground water and surface water. 
These include m e r q  (Ill chloride and methylmercury chloride, from water. These methods, 
which use either granular or powdered activated carbon, are primarily applied when the 
m m q  concentrations are higher than 2 to 4 ug/L. Activated carbon may not be effective 
at removing mercury at concentrations lower than 2 ug/L. 

Other physical sorption techniques that have been shown to remove greater than 90% of 
certain organic and inorganic mercury contaminants from water include treatment with 
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cellulose and cotton (for removal of mercury (II) chloride), chitosan (mercury (II) ion and 
mercury (III) chloride), iron sulfide adsorption and ground rubber (mercury (I10 ion), and wool 
(mercury (11) chloride and methyl mercury chloride). 

The in situ application of this technology is in the conceptual stage of development. For 
additional information on in situ activated carbon adsorption, see REM-67-02, In Situ 
Activated Carbon Adsorption. 

Science/Technology Needs: Flow rate is used to size the system. Column tests are used 
to design a full-scale system using information on adsorbent usage rates and competitive 
adsorption effects. 

Implementation Needs: Some potential design parameters in a capacity of 15- 100 gal/& 
and hydraulic loadings of 0.25 -2.5 gal/min/cf are needed. Linear flow rates may be 0.4 to 
3 gal/min/sf cross-sectional area. T@ical bed depths vary from 8 to 40 ft., with a 
height-@-diameter ration of 2: 1. An enclosed area is used to protect the carbon columns and 
ancillary equipment. A regeneration facility or disposal means for the used carbon is needed. 
A means of conveying groundwater or surface water to the treatment facility is needed. 

The suspended solids content should be reduced to less than 50 mg/L which may require 
pretreatment. Oil and grease concentrations above 10 mg/L are generally undesirable 
because of fouling characteristics. Calcium or magnesium concentrations above 500 mg/L 
can precipitate out and foul or plug granular-activated-carbon columns. Cost (capital plus 
operating cost) is $1.20/1000 gal. Disposal costs could be si@icantlygreater, $!%$lo/ 1000 
gal- 

Author: Joseph Perona, 576-9280; C. M. Goddard, 24 1-4383 
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EM Problem: Remedial action 

Y-12 Plant Problem: Groundwater, surface water 

Problem Area/Constituents: Mercury 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potent.€ally applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resewation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-speciflc characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelemeat: Treatment 

Alternatives: Chemical Separation 

Technology: Biosorbents: Adsorption on biomedia (Ha. A patented immobilized algal 
biomass sorbent material is available commercially from Biorecovery Systems, Inc. in bead 
form for packed column operations. Sorbent can be tailored for Merent contaminants 
according to the manufacturer. Biorecovery Systems, Inc., of Las Cruces, New Mexico, is 
developing a technology that uses algae to remove ionic mercury from water. This technology 
has been tested on both the laboratory and pilot scale. The technology consists of 
incorporating an algal biomass into a permeable polymeric matrix. The resulting material, 
AlgaSORB, is then packed into adsorption columns and functions as a "biological" sorbent. 
In the tests conducted, AlgaSORB fi-equently lowered the dissolved mercury concentrations 
in the groundwater samples (ranging from 144 to 1550 ug/L) to below 10 ug/L. However, use 
of a single AlgaSORB preparation yielded unpredictable results with samples collected at 
Merent times of the year. A strategy was then developed to sequentially extract the 
contaminants from the groundwater through two columns containing different preparations 
of AlgaSORB. This proved successful in both laboratory and field studies. 

This technology may be applied for the in situ treatment of groundwater by passing 
groundwater through a permeable trench Wed with biomass material. 

Status: Redemonstration. Material is available from Biorecovery Systems, Inc. Under the 
auspices of the USEPA Site Program, uptake tests were done on groundwaters at the Oak 
Ridge Y-12 Plant, giving a relatively low equilibrium loading of 0.0001 mol& of sorbent. 
Given the contaminant concentration in the wastewater, waste volume can be calculated from 
the equilibrium loading. Other companies are investigatingthe use ofbiosorbents for mercury 
removal. The Westinghouse Savannah River Co. in Aiken, SC, is evaluating algal strains for 
toxic metal bioremoval applications and the Energy and Environment Division of Lawrence 
Berkeley Laboratory in Berkeley, CA have researched Biotransfomation and Biosorption 
Strategies for recovery of heavy metals from wastewaters. 

The in situ application of this technology is in the conceptual stage of development. For 
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additional lInformation on in situ biosorbents, see REMA-74-02, In Situ Biomedia Adsorption. 

Science/Technology Needs: Better characterization of the wastewaters is needed to 
determine mercury speciation and competing ions. Uptake expxirnents are required to 
provide data for pilot-scale tests. 

Implementation Needs: Pilot scale testing is needed to determine pretreatment needs, 
design parameters, and demonstrate the effectiveness of this technology. Costs are unknown 
pending engineering development, but are expected to be comparable to conventional 
adsorption/ion exchange. 

Author: Joseph Perona, 576-9280; C. M. Goddard, 241-4383 
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EM Problem: Remedial action 

Y-12 Plant Problem: Groundwater, surface water 

Problem Area/Constitnents: Mercury 

Refkrence Requfrements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resewation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specifled. 

Subelement: Treatment 

Alternatives: Chemical Separation 

Technology: Precipitation (H@. Precipitation is a chemical treatment process by which 
soluble contaminants are removed from water by converting them into insoluble compounds. 
Soluble contaminants may include metals, alkaline earth ions (hardness), or other inorganic 
anions. Several precipitating reagents may be used to precipitate mercury from ground water 
and surface water. These include insoluble starch xanthate, TMT- 15, and Thio-Red. Sulfide 
precipitation is discussed in REMA- 132-02. 

Insoluble starch xanthate (Stout's Supply, Ainsworth, Iowa) exchanges sodium and 
magnesium ions for all heavy metals, i. e., it is not selective for mercury. The material is then 
removed from the water by sedimentation or filtration. ISX can be used over a pH range of 
3 to 11. Disposal of the spent ISX must be determined, but it probably will require 
incineration. - 

TMT 15 (Degussa Corporation, RidgeBeld, NJ) is a high molecular weight precipitant 
incorporating sulfur molecules in its structure. It reacts with dissolved heavy metals, i. e., 
it is not selective for mercury. Adjustment of pH is required if the water to be treated is 
outside the range of 6 to 9. Disposal of spent TMT 15 containing mercury might be a problem 
if it does not meet the RCRA toxic characteristic leaching procedure standards. 

Thio-Red (Environmental Technology. Sanford, Florid& is a concentrated liquid organic 
precipitant for the recovery of metals fiom process waters, waste oils, and other polar 
solvents, including strongly chelated and complexed ions. Low metal discharge levels can be 
attained due to the unique chemical binding characteristics of the precipitant. The 
organo-metallic by-product is extkmely stable and meets TCLP stabilization requirements. 
Thio-Red is not pH dependent, however, a pH of 8.5 is recommended for optimum utilization 
as a polishing chemical. M-25 polymer is recommended. Oxidizers in the waste stream, such 
as chlorine, peroxide, permanganate, etc., will decrease the effective strength of precipitating 
reagents. Oxidizers should be eliminated from the waste stream. Cyanide and CI"6 will need 
to be removed and reduced respectively, ifpresent in the waste stream before metals recovery. 
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Status: Demonstration. These agents are available commercially, but applications for 
mercury removal including satisfactory disposal of the spent agents must be demonstrated. 
Dosages depend on mercury concentrations in the waters to be treated. For a surrogate waste 
containing 100 mg/liter of Hg, an ISX dose of 0.64 grams was used. The recommended dose 
of TNIT 15 for mercury is 4.8 gal./million gal. water/ppm of Hg. The recommended dose for 
TNo-Red is 4 ml/gallon. Thio-Red costs approximately $300/55 gal. 

A laboratory treatabilily study was conducted by Ralph R Turner (ESD, June, 1993) using 
water from Y-12's Outfall 49 to determine the effectiveness of Thio-Red in precipitating out 
mercury. Kaolinite #5 clay mineral standard was obtained from Larmar pit in Bath, SC., and 
used as a filter aid in this study. The initial mercury concentrations in the Outfall 49 water 
were 26,27, and 28 ug/L. When Thio-Red was used, these concentrations were reduced to 
1.1, 0.94, and 1.0 ug/L. When the filter aid (Kaolinite) was used in conjunction with the 
Thio-Red, the initial mercury concentrations were reduced to 0.27, 0.30, and 0.27 ug/L. No 
M-25 polymer was used in these experiments. 

Sdemce/Technology Needs: All the metal ions in candidate waters must be known to 
calculate dosages of these agents. Disposal of the spent agents must be worked out. 
Treatability tests are required to determine if satisfactory levels of residual mercury can be 
attained. 

ImplexnentatiOn Needs: Characterization of Y-12 wastewaters is needed to determine 
feasibility. Treatability testing is also needed to determine design parameters and disposal 
options. 

Author: Joseph Perona, 576-9280, C. M. Goddard, 241-4383 

References: Vendor's literature - 
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EM Problem: Remedial action 

Y-12 Plant Problem: Groundwater, surface water 

Problem Area/Constituents: Mercury 

Refemce Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, spec& regulatory requirements will be specified. 

Subelement: Treatment 

Alternatives: Chemical Separation 

Technolow Sulfide Precipitation (Ha. Precipitation is a chemical treatment process by 
which soluble contaminants are removed from water by converting them into insoluble 
compounds. Soluble contaminants may include metals, alkaline earth ions (hardness), or 
other inorganic anions. Sulfide precipitation uses sulfide ions as the precipitation agent. Base 
or acid is added to adjust the pH to the point where the constituents to be removed have the 
lowest solubility. This treatment results in a metal sludge and a treated efnuent that has an 
elevated pH. Metal sulflde precipitation is used to remove Hg to lower effluent concentrations 
than can be achieved using hydroxide precipitation. The extremely low solubility of mercuric 
sulfide in neutral to acidic solutions is the basis for this technology as the BDAT for KO71 
wastewaters. Mercuric sulfide is soluble in strongly alkaline s d d e  solutions. Sodium or 
ferrous sulflde is added as a precipitating agent. After precipitation, excess sulfide ions must 
be removed by oxidation. Emuent metal concentrations of less than 1 mg/L (and sometimes 
lower) are achievale. Mercuric sulflde tends to be colloidal when fmt precipitated, and very 
difacult to mter or flocculate, although ultrafiltration has been demonstrated for this 
application. Other precipitating reagents are discussed in REMA- 13 1-02. 

Contaminated wastewater is fed continuously or batch-wise into a rapid mix tank. Treatment 
chemicals may include adds or bases for pH adjustment and other coagulants such as alum 
or ferric chloride and polymers. As an option, polymers can be fed in-line downstream of the 
rapid mix tank. Polymers may be organic polymers which promote flocculation through 
hydrogen bonding and electrostatic forces or synthetic polyelectrolytes with anionic or 
cationic functional groups which promote agglomeration. 

Status Accepted. This is the BDAT for KO71 wastewaters. Accepted for heavy metals. 
Treatment units are commercially available. Specific wastewater streams would need to be 
tested to determine the treatment levels that could be achieved. Sludge generated from 
precipitation requires dewatering and disposal. 

Science/Technology Needs: The flow rate needs to be estimated to properly size unit 
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processes. Characterization of the waste stream allows the technology to be selected and the 
effectiveness to be estimated. Characterization parameters include metals, other cations, 
anions, and complexing and chelating agents. Total suspended solids and total dissolved 
solids are used to predict the solids generation rate and to properly size the sedimentation 
process. The and acidity of the stream are used to predict the chemical 
requirements for pH adjustments. Better characterization of DOE mercury-containingwastes 
is needed to determine if sulfide precipitation will separate mercury fkom other constituents 
of the waste. 

Implementation Needs: The addition of coagulants such as aluminum or iron salts and 
polymers sometimes are used to help foxm precipitates. Precipitation also can result in lower 
effluent concentrations through coprecipitation. Often, iron is added to enhance the 
coprecipitation effects. 

Sludge recovered from precipitation requires dewatering and disposal. Treated effluent from 
metal sulfide precipitation may require sulfide removal before discharge. Estimate of waste 
volume is needed. 

Author: J. Perona 576-9280, P. A. Taylor 574-1965 
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EM Problem: Remedial action 

Y-12 Plant Problem: Groundwater, surface water 

Problem Area/Constitu~ts: Mercury 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-spedflc characteristics are provided for each 
technology, spedac regulatory requirements will be specined. 

Subelement: Treatment 

Alternatives: Chemical Separation 

Technolorn Ion Exchange 0. Ion exchange is an ex situ volume and toxicity reduction 
technology to remove ionic species, principally inorganics, from aqueous waste streams. Ion 
exchange is based on the use of specincally formulated resins and natural inorganic materials 
having an "exchangeable" ion bound to the resin with a weak ionic bond. If the 
electrochemical potential of the ion to be recovered (contaminant) is greater than that of the 
exchangeable ion, the exchange goes into solution and the ionic contaminant binds to the 
resin. 

Typically, four operations are carried out in a complete ion exchange cycle: service, 
backwash, regeneration, and rinse. In the service step, the ion exchange resin is contacted 
with solution containing the ion to remove. After a critical relative concentration of 
contaminant ion to exchange ion in solution is reached, the resin is said to be spent. A 
backwash step is then operated to expand the resin and to remove fines that may be clogging 
the bed. The spent resin is regenerated by exposing it to a very concentrated solution of the 
original exchange ion, so that a reverse exchange process occurs. The rinse step removes 
excess regeneration solution before the next service step. 

Resin containing the iminodiacetic acid group will pick up cationic mercury selectively from 
calcium and magnesium, but copper and cobalt are also picked up. Mercury in the form of 
anionic complexes, e.g. HgC&- or HgCl.,- can be picked up by anion exchange resins, but not 
selectively. Savannah River Plant uses a thiol resin (Duolite GT-73, Rohm & Haas) which is 
very selective for mercury in any of its three oxidation states. 

Chelating resins. Processes using these resins would be similar to conventional ion exchange 
operations, except chelating resins cannot be regenerated or are regenerated with some 
difficulty. A resin containing an isothiouronium was studied in 197 1 for r e m d  of both Hg'  
and CH3Hg. The selectivity in the presence of dissolved iron, nickel, copper and zinc at 
concentrations up to 10 mg/L was complete. A second account of chelate resin application 
was found in a US patent assigned to a Japanese company. 
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Status: Accepted. The technology is fully developed, although applications have been very 
waste-stream-specific. Literature reviews indicate that extractions of mercmy (11) chloride and 
other compounds of greater than 90%, down to 5 mg/L. Applications have included the 
removal of radionuclides from power plant waste streams, recovery and removal of metals, 
and deionization/softening of process water. promising applications include removal of 
cyanides from mixed waste streams and selective removal of heavy metals without complete 
deionization. Assume 3000 to 5000 bed volumes of wastewater processed before bed 
replacement or regeneration. 

sdence/Technology Neea Laboratory-scale performance tests provide data for resin 
selection, estimates of resin loading and regeneration requirements, and other needed 
parameters for column design. Wastewater characteristics, such as the presence of competing 
ions or chelating agents, are used in the design of an ion exchange system. The solubility of 
the metals, and hence, the effectiveness of the system is affected by the acidity/alkalinity of 
the wastewater. The presence of suspended solids m&y indicate the need for pretreatment. 

Implementation Needs: Resins exhibit Merent selectivities for specific contaminants. In 
a mixed contaminant stream, one metal may be effectively removed from solution while 
another will not. Ion exchange may be difficult without pretreatment to remove organics, to 
destroy chelating agents, or to destroy the chelant metal bond. Pretreatment may also be 
needed to remove solids (to prevent blinding of the column), to modify the pH of the Muent  
stream for optimum removal efficiencies, or to remove competing ions. 

The process yields a large volume of p d e d  solution, regenerated zeolite, and a concentrated 
solution of removed ions which can then be further processed for recovery or disposal. The 
system uses columns containing the resin and various pumps and piping to cany the waste 
streams and potentially new and spent resin. Cost (capital plus operatingl is estimated to be 
$10-$20/1000 gal. - 

Author: Joseph Perona, 576-9280 
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EM Problem: Remedial action 

Y-12 Plant Problem: Groundwater, surface water 

Problem Area/Constituepts. Mercury 

Refimwe Requirements Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatoxy requirements will be specified. 

Subelement: Treatment 

Alternatives: Chemical Separation 

Technologp: Artificial Wetlands &I@. Ex situ bioaccumulation technologies include use of 
constructed or natural wetlands. Wetlands have been used for disposing and treating 
contaminated wastewater since the 1950s in a wide variety of applications: municipal 
wastewater, industrial wastewater, storm water runoff, mine discharge and surface mine 
runoff, agricultural nonpoint source runoff, and groundwater. Documented treatment 
effectiveness varies relative to the parameter in question (e.g., loading rates, detention times, 
flow-path length, and age of the system). Constructed systems are generally more effective 
than natural systems because the hydraulics and detention times can be controlled and 
optimized. Natural wetlands may also become degraded as a result of contaminant additions 
and high loadings. Documented wetland treatment eBciencies range from 30% to 95% on an 
annual, mass-rem& basis 

Artificial wetlands provide treatment through physical, chemical, and biological processes. 
Plant uptake consists of planting a plant species which concentrates the contaminant in a 
harvestable portion of the plant. The plant tissue is then removed seasonally and disposed. 
This is a f&€y slow process, depending on the plant species used, the biomass produced, 
timing of the harvest, and the contaminant. In biodegradation, microorganisms use the 
contaminants (usually organic compounds and some inorganic compounds such as 
ammonia) as part of their metabolism. 

Specifically, rooted water plants, such as the bulrush, and floating plants. such as the water 
hyacinth, are known to uptake unspecified forms of mercury from waters in natural and 
artificial wetlands. The other physical, chemical, and biological processes, such as sorption, 
chemical precipitation, ion exchange, oxidation/reduction, pH changes, and bacterial and 
fungal conversion, that are active in most wetlands can assist in immobilizing mercury 
contaminants. Mercury methylation may occur in this environment and create serious 
environmental problems if the situation is not carefully planned and monitored. Methods to 
control mercury methylation are still undetermined. 
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Status Redemonstration for mercury. Mercury-bearing plants may require hamesting. 
treatment and disposal. 

Sdence/Technology Needs: The fonns of potentially toxic contaminants and degradation 
products needs to be determined. Flow volumes and average contaminant concentrations in 
water and soil are used to assess potentia3 loading rates. Climate conditions, such as the 
length of the growing season, the average winter temperature, the length of period when pipes 
and ponds may &eze in winter, the summer evapottanspiration rate, and precipitation, are 
used to assess the effectiveness of the technology and to determine design parameters. Local 
surface and groundwater hydrology, such as topographic setting, water budget, depth to 
average and high groundwater table, groundwater chemistry, and distance to natural water 
bodies, also include important variables. Soil conditions and organisms in the soil will 
determine the success of the technology or what type of additives are needed. 

Implementation Needs: The soil may need amendments to support vegetation. Microbial 
stimulation is accomplished by providing a conducive environment for growth. Properties that 
can be altered physically or chemically include moisture, oxygen content, carbon, nutrients, 
hormones, enzymes, pH, availability of substrate compounds, solubility, competing 
organisms, concentration of organisms, and concentration of contaminants. Year-round 
vegetation cover needs to be maintained for miudmum treatment and to avoid water and wind 
erosion and resultant contaminant mobilization. Artificial wetlands typically require a surface 
area of 4 to 12 ha/ 1000 ms wastewater/day. Construction costs were about $100,00O/ha in 
1990, but operating costs were low. 

It may be highly unlikely that an environmental regulatory authority would permit a 
constructed wetland for mercury treatment. The uncertainties are enormous and eventually 
the wetland itself would need to be remediated due to the accumulation of mercury in the 
plants and sediments. - 

Author. P. A. Taylor, 5741965; C. M. Goddard, 241-4383 
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EM Problem: Remedial action 

Y-12 Plant Problem: Groundwater, surface water 

Problem Area/Constituents Mercury 

Rehence Requiremen&: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
norregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Treatment 

Alternatives: Chemical Separation 

Technology: Reverse Osmosis &I@. Reverse Osmosis (RO) will remove dissolved mercury 
&om groundwater and surface water. Reverse osmosis involves the selective transport of 
water through the membrane under sufficiently high pressure to overcome the natural 
osmotic pressure of the solution. Water passes fi-om the side of the higher contaminant 
concentration to the side of lower concentration, leaving behind a highly contaminated brine 
stream. Reverse osmosis membranes typically pass uncharged materials with molecular 
weights less than 200. Reverse osmosis can be used to treat waste streams with TDS (Total 
Dissolved Solids) concentrations up to 50,000 ppm. The technology is well developed and 
commercially available. 

Status Accepted. An appropriate treatment technology for removal of some inorganics, 
including mercuy, chromium and copper'. To avoid membrane fouling, feed precipitation and 
filtration pretreatment is gene- required (ultrafiltration is an option for pretreatment)? The 
possibility of metals precipitation in the concentrate should be considered: one authority says 
RO is not for precipitable metals.3 RO produces a concentrated liquid stream, not a solid 
suitable for disposal. The RO process is non-specific and will remove dissolved solids in the 
liquid stream. The waste volume will depend upon the technique used to remove the metals 
fiom the concentrate. Both commercial membranes and commercial RO systems are 
available. Costs are likely to be relattvelyhigh, perhaps several dollars per 1000 gal. The costs 
required for further treatment of the concentrate will need to be added to the costs attributed 
to the RO. 

Gdence/Technology Needs: Treatability studies are needed for any specific wastewater/ 
groundwater to determine the degree of metal removal, the allowable degree of concentration, 
and any causes of membpne degradation. A suitable method for handling the concentrated 
stream of rejected electrolyte will be needed. The materials could be incorporated into a waste 
foxm and/or recycled for other uses. 

Implementation Needs: Characterization of Y-12 contaminated waters is needed. 
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Treatability tests are needed to determine design parameters and estimate treatment costs. 
RO is usually effective for removal of most metals, but it still leaves a liquid concentrate that 
must be handled. Waste treatment and disposal is an important question and could add 
significantly to the overall costs. The volume of waste produced will be determined by the way 
this concentrated stream is treated. Generally, RO is not selective, so all electrolytes from the 
original groundwater will be in the concentrate. Thus the volume of waste is determined by 
the electrolyte in the groundwater, not by the amount of contaminant in the groundwater. 
The cost of RO can be moderate to high because of the high pressure and capital cost of the 
membrane system. The lifetime of the membrane with the particular groundwater in question 
can be an important factor in determining the cost. Waste volume and waste handling costs 
will depend upon the treatment process used on the concentrate. 

Author: D. E. Beck C. M. Goddard, 214-4383 
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BOROHYDRIDE REDUCTION/FILTRATlON (Ha) REMA-I 36-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Groundwater, surface water 

Problem Area/Constituents: Mercury 

Refkrence ReqUirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation. radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-speciac characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Treatment 

Alternatives: Chemical Separation 

Technologg: Borohydride reduction and filtration (Hg). 'Welve percent sodium borohydride 
in 40% sodium hydroxide is fed with the wastewater into a static mixer. The solution pH is 
held to between 9 and 11 because the process is not critically pH dependent. Direct reduction 
of Group VI11 and IB metals (ruthenium and above) with borohydride occurs across this pH 
range. Preaxidation step with hypochlorite may be required to break mercury complexes. 
Reduction of the mercury compounds yields metallic mercury and hydrogen gas. The metallic 
mercury can be removed by filtration, adsorption, and or air purging. Mercury that is not 
removed in the sludge may be recovered from the ef€luent by vacuum distillation. If 
ruthenium is present, some of it will accompany the mercury. REMA- 164-02 provides further 
information on chemical reduction processes for the removal of mercury. 

Status: Demonstration. Currently used commercially to recover silver from spent 
photographic illm and gold from jewelry scrap. Morton Intemational sells a sodium 
borohydride solution under the VenMet trademark and is working with the Chlorine Institute 
to develop a process for mercury recovery fi-om K106 wastewaters. The intent is to replace the 
current BDAT with borohydride reduction. The chlorine/caustic soda industry is the 
second-largest uses (after batteries) of mercury. The mercury and other metals filtered out 
of solution must be disposed. 

ANew Jersey mercury chemicals manufacturing facility reported treating 15,000 gpd of a 100 
mg/l soluble mercury wastewater stream. After polishing with activated carbon, followed by 
treatment with a chelating resin, the muents contained less than 5 ug/l mercury. 

Sdence/Technology Needs: Better characterization of DOE wastes to determine mercury 
speciation and competing ions. Mercury metal may be produced in colloidal form, and 
engineering development may be required to identify optimal means of recovery. The option 
of air sMpping to remove reduced mercury needs to be explored. 

Implementation Needs Characterization and treatability testing is needed to determine 
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pretreatment requirements and design parameters. A demonstration of this technology is also 
required. 

Author: Joseph Perona, 576-9280, C. M. Goddard, 241-4383 
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CEMENTATION (Hg) REMA-137-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Groundwater, surface water 

Problem Area/Constituents: Mercury 

Referesce Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, spemc regulatory requirements will be specified. 

Subelement: Treatment 

Alternatives: Chemical Separation 

Technology: Cementation (Ha. This technology is used for the recovery of mercury for 
mercq/metal amalgams. More active metals, e.g. aluminum, copper, iron, and zinc, will 
reduce mercury to metallic form as they are dissolved. In the Innochem process, ground steel 
scrap is used in a rotary contactor. 

Status: Accepted. This technology has been used in the mining industry for many years. 

Science/Technology Needs: Mercury reduced and removed from solution is replaced by the 
more active metal. Potential applications of this technology must be compatible with 
increased concentrations of active metal ions. Tests are required to determine the efficacy of 
the process for this application. 

Implementation Needs: Characterization of Y- 12 wastewaters-is needed. Treatability tests 
are needed to confirm the applicability of the process, determine design parameters, and 
estimate treatment costs. 

Authox Joseph Perona, 576-9280 
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EMPORE PROCESS (Hg) REMA-138-02 

EM Problem: RemediaI action 

Y-12 Plant Problem: Groundwater, surface water 

FmblemArea/Constituents Mercury 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Treatment 

Alternatives: Chemical Separation 

Technolo@ Empore Process (Hgl. This is a 3M proprietary process under the Empore 
trademark, consisting of Crown ethers attached to silica particles embedded in a coherent 
fibrous matrix membrane. Crown ethers can remove Hg++ and methyl mercury according to 
3M. Use of 5 to 10 micron particles gives extremely high surface area in a controlled porosity 
membrane. Membrane matrix is F lTE (teflon). The Empore membrane has the potential to 
accomplish better separations than packed columns in a much more compact apparatus. As 
with all membrane processes, feed solution must be clean. Very compact, high throughput, 
highly specific separation technology. 

Status: fiedemonstration. Development is at the bench-scale level for mercury separation 
applications. Battelle PNL and IBC Advanced Technologies, Inc., are working with 3M to 
develop an Empore membrane for strontium and cesium removd. EPA has allowed five test 
methods involving Empore extraction disks with seven more pending (aU for organic 
compounds). 

Science/Technology Needs: Mercury separation applications just recently targeted by 3M, 
therefore, there are signiacant science and technology development needs. Development 
might be accelerated through a DOE Cooperative Research and Development Agreement 
(CRADA]. 

Implementation Needs: Characterization and treatability testing on Y-12 wastewaters is 
needed to confirm applicability, pretreatment needs, design criteria, and estimated treatment 
CoSts .  

Author: J. Perona, (615) 576-9280 

References: Vendor's literature 
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I M MO BI LlZATl ON/FIXATI ON (Ha) RE MA-1 39-02 

EM Roblem: Remedial action 

Y-12 Plant Problem: Soils/sediments 

Problem Area/Constituents Mercury 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specitlc regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Fixation 

Technology: Immobilization/Fixation (HgL Immobilization involves the mixing of 
contaminated soils and sediments with binders to promote chemical reactions, decreasing 
the permeability, porosity, and solubility of the wastes so the contaminants are less mobile. 
II).pical binders include cement, coal combustion fly ash, clay or organic materials. In some 
cases, the wastes are chemically treated before they are mixed with the binders to reduce 
mobility of the contaminants. This technology may be used for both in situ and ex situ 
applications. 

Immobilization technologies may not be effective in treating geologic materials with high 
concentrations of elemental mercury and mercury compounds. However, they are used to 
treat DO09 soils and sediments containing less than 260 mg/kg of mercury contaminants. 
The treatment of mercury-contaminated soils and sediments with immobilization techniques 
can be done on site. kequently the techniques involve pretreating the materials with a 
chemical additive such as sulfide compounds, and then adding a cement binder. Chemical 
pretreatment with sulfide compounds, for example, would produce low-soluble mercury (IO 
sulfides that, when mixed with cement, would result in a product very resistant to leaching 
and contaminant leakage. 

Status: Accepted. Commercial immobilization technology is available from a large number 
of finns, including Funderburk and Associates of Fairfield, TX. Several other companies, such 
as Itex Enterprises of Addison, TX, and MaECORP, Inc. of Chicago, IL, are also developing 
fmmobilization technologies for this application. Long-term leachability of solidined mass may 
be uncertain. Process generates a potentially voluminous product that requires disposal. 

Sdence/Technology Needs: Effectiveness depends on the contaminant speciation and the 
reaction products formed. Sufficient mixing also conditions effectiveness. Ex situ application 
is easier to monitor than in situ. 

Implementation Needs: Characterization of Y-12 contaminated soils and sediments is 
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needed to determine effectiveness (potential for interferences), binder mixtures, and mixing 
requirements. Soil mixing/grout injection techniques need to be demonstrated. Funderburk 
and Associates reports costs of $50/ton for their treatment process. 

Aolthor: C. M. Goddad, 241-4383 
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COLLOID POLISHING FILTER REMA-140-02 

EM Problem: Remedial action 

Site Problem: Contaminants in water 

Problem Area/Constituents: Heavy metals, low-level radionuclides, uranium, transuranics 
in surface water, groundwater, and wastewater. 

Reference Requirements: Refer to EPA Drinking Water Standard, Section 275 AEC, Section 
206 UMTRA, Section 121 CERCLA, 10 CFR 20,50,51,40 CFR 190,40 CFR 260, Low-Level 
Radioactive Waste Policy Act, The Public Health and Welfare Act, and state and local 
regulations. 

Subelement: Treatment 

Alternative: Chemical treatment and polishing 

Technology: Colloid Polishing Filter (CPF). See Figure 1. Heavy metals and nontritium 
radionuclides are removed from contaminated water by either: 1) pumping the water through 
a prefilter, such as a bag filter, and then directly through the CPF beds or 2) using primary 
flocculation and suspended solids removal, via either a clarifier or sand filter, and then 
pumping through the CPF beds. The bed material has a high affinity for inorganic metals, 
especially higher valence forms, chelated forms, and complexed forms, including 
radionuclides. Inorganic, metallic pollutants are removed through sorption, chemical binding, 
and microprecipitation reactions that occur in repetitbe, sorption beds that are engineered 
forfluidics control and reduction of microchanneling. The CPF consists of a series of vertical 
sorption beds within polypropylene "filter packs" that are suspended with support plates and 
O - r i n g  sealed, under pressure. Heavy metals and radionuclide pollutants extracted by the 
sorption beds can be removed and concentrated by using dilute acid backwashing and 
rinsing or the bed material can be dewatered and stabilized to - meet the EPA TCLP land 
disposal restrictions for low-level radioactive waste. 
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Figure 1. Schematic Diagram of the Colloid Polishing Filter Method (Ref. 7). 
Reproduced with permission of Filter Flow Technology, Inc. 
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Status: Accepted. Commercially available. More than 90 bench tests and 6 pilot tests have 
been carried out. An EPA SITE demonstration has been performed on groundwater 
contaminated with heavy metals from breached solar waste ponds at the Rocky Flats Plant 
in Golden, Colorado. The CPF has also been used in the remediation of uranium 
contaminated wastewater at the Hanford Site in Richland, Washington, to treat low-level 
radioactive wastewater at Oak Ridge National Laboratory in Oak Ridge, Tennessee, and for 
groundwater and wastewater remediation at more than a dozen other sites throughout the 
United States. Some studies have been performed on CPFs ability to remove radionuclides 
from Rocky Flats feed water that was spiked with uranium, radium-226, plutonium-239, 
americium-241, cesium-137, cobalt-60, and strontium-90.' (The water was taken from a 
storage tank on site. It had heavy algae content and pH of approximately 8.0) 

Efficacy: The concentrations of the following heavy metal contaminants from Rocky Flats 
groundwater were analyzed before and after CPF treatment: 

boron 
cadmium 
chromium +3 
cobalt 
copper 

iron 
lead 
mercury 
molybdenum 
nickel 

selenium +4 
selenium +6 
silicon 
silver 
strontium 

tellurium 
thallium 
vanadium 
Zinc 

The removal efficiency for 18 heavy metals was 99.4-99.9%; mercury was removed below 
detectable limits. Removal efficiencies ranging from 8599% were achieved for the Rocky Flats 
feed water that was spiked with radionuclides. 

Design capacities for the process equipment range from 1 to 100 gal/min. High ammonium, 
suspended solids, grease, and elevated hydrocarbons can interfere with the CPF, and, 
therefore, need to be considered in the primary stages of the overall treatment process. The 
CPF can be used to remediate inorganic, metallic water pollutants at flow rates of 1 gpm to 
more than 100 gpm but requires an average bed residence time of 2.5-3 minutes. The 
equipment necessary for this process is mobile and can be trailer- or skid-mounted; in-line 
systems can also be fabricated. 

Waste: The CPF process generates a secondary solids waste stream consisting of dewatered 
solids, in the form of filter cake, representing "spent" bed material2. Waste varies in 
composition and, therefore, classification, depending on the constituents of the particular 
waste stream processed. The bed capacity and life typically exceed those for conventional ion 
exchange resins used in radionuclide removal; thus, the quantity of spent bed material 
generated in a year also is comparatively lower, resulting in less waste generation. For 
example, at continuous 24 hr/day treatment for an influent groundwater stream having 50 
mg/L total dissolved solids (inorganic metallics) and e30 mg/L total suspended solids, only 
200-250 lbs of waste would be generated annually. 

Science/Technology Needs: For the Rocky Flats Site, CPF accounted for gross beta 
contamination removal of only 54%' [i.e., 54% of the total beta decay contribution to the 
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radioactivity of the volume of contaminated water, from those contaminants that are beta 
emitters (specific, problematic contaminants were not specified), was removed.] CPF is a 
volume reduction process that produces a stabilized waste form (dewatered filter cake that 
is waste-stream specific) as an end product. This waste form is then sent to a disposal site. 

Increased gross beta removal is desired. Research must continue in this area. Also, land 
disposal as a perrnanent solution, for even a "stabilized" waste form, is less preferable than 
destruction of that form. Research into possible means of destruction of the filter cake 
without environmental insult is advisable. 

Implementation Needs: primary wastewater treatment equipment, such as a mixing tank, 
clarifier, filter press, and prefilter (i.e., a bag filter for removal of solids not removed by the 
clarifier) and system controls are needed. CPF also uses an inorganic, insoluble filter bed 
material and an effluent pH adjustment tank. 

A turnkey, semiautomatic, 25-gpm, vertical CPF has a capital cost of $70,000. Three-inch 
lead shielding for systems designed to treat gamma-emitting radionuclides costs an additional 
$10,000. Operating cost per 1,000 gal of water treated ranges from $0.50, for most heavy 
metals, to approximately $1.50 for uranium, transuranics, and other low-level nuclear reactor 
wastes. 

Technology Integration: RCRA organics must be destroyed or removed before mixed waste 
water treatment. Also, oil-water separation and/or trace hydrocarbon removal must be 
achieved before the removal of naturally occurring radioactive materials (NORM) in water. 

Authors: T.S. Tomascik, R. L. Fellows/6 15-576-5632, 
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SEGMENTED GATE SORTING SYSTEM REMA-1 41-02 

EM Problem: Remedial action and waste management 

Site Problem: Radioactive particles in soil. 

Problem Area/Target Constituents: Radiologically contaminated soils. 

Reference Requirements: EPA520/4-77-0 16,"Guidance on Dose Limits for Persons Exposed 
to Transuranium Elements in the General En~ironment,"~ EPA land disposal requirements, 
and state and local laws. Cleanup criteria for the "end state" is based on the following EPA 
activity limits: 1) distributed contamination (i.e., finely divided material dispersed 
nonunifonnly throughout the soil), <500 Bq/kg; 2) "hot" particle contamination (i.e., discrete, 
individual particles of radioactive material), <5000 Bq. 

Subelements: Processing, Minimization, Decontamination 

Alternative: Physical separation 

Technology: Segmented Gate Sorting System (SGSS). See Figure 1. SGSS is a separation 
technology that physically removes radiologically contaminated particles, such as 239pU and 
%lAm, from a soil matrix. Conventional material-handling equipment (i.e., shaker screens and 
motor-driven conveyor belts) is used in tandem with SGSS equipment, which consists of an 
array of 15 sodium iodide FIDLER-type detectors, PC-based microprocessors and software, 
8 diversion chutes, and a master control board4. 

Contaminated soil is excavated 
with standard heavy equipment 
and bulk metals are removed by 
a large magnet mounted over the 
feed conveyor belt. A shaker 
screen is then used to size the 
feed material to less than 0.5 in. 
The sized material is then layered 
across the width of the conveyor 
belt to a depth of 0.75 in. and a 
length of approximately 31 in.4. 
The belt conveys the material 
under an array of NaI detectors 
at a rate of 30 ft/min. The 
detectors are arranged in two 
overlapping rows of 7 and 8 
detectors, respectively. The 
second row of 7 detectors is offset 
fi-om the first row to prevent "hot" 
p a r t i c l e s  f rom p a s s i n g  
undetected between adjacent 

Figure 1. Segmented Gate Sorting System." 
Reproduced with permission of Thenno Nuclean 

Nuclear Assay Systems. 
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detectors. Each detector has an active measuring area of 10,000 mm’ and is linked to a 
separate microprocessor that determines whether a “hot” particle is detected. The data is sent 
to a master control board that activates one or more of the diversion chutes located at the 
end of the conveyor. The chutes remove as little as one pint of material per “grab” at a 
continuous feed rate of 30 ft/min3. Hot particles are diverted to a soil washing system that 
removes fine particles, diverting them to holding ponds where they await further treatment. 
The remaining “clean” material is manually reassayed with standard radiation detection 
equipment (GM-counters, etc.) to verify that it meets EPA-prescribed release criteria. 

Status: Demonstration. SGSS has been in use on Johnston Atoll since January 1,1992. The 
technology is owned by TMA/Eberline, Therm0 Analytical, Inc., which has operated the 
Johnston Atoll Plutonium Cleanup Project since its inception in 199 1 for the Defense Nuclear 
Agency under contract DNAO01-93-C-01483. The primary contaminants of concern on 
Johnston Atoll are 239 Pu and 241Am, introduced to the atoll during high-altitude atmospheric 
nuclear testing and a ground level nuclear device detonation, from the late 1950s to the early 
1960s. The atoll’s radiological control area encloses 27 acres and contains approximately 
100,000 cubic yards of contaminated coral soil. 

Efficacy: On-site soil processing is ongoing at a rate of more than 2,100 metric tons per 
week. Two segmented gate systems have been operating in parallel to speed the cleanup for 
the past year. SGSS has accounted for a contaminated soil volume reduction of more than 
98% for the 55,000 metric tons of soil processed at Johnston Atoll since January 1992. Three 
million kilobecquerels of plutonium and americium contamination have been separated from 
the coral soil3. Manual sampling, carried out continuously on an hourly basis for quality 
control purposes, has shown no radioactivity above the release criteria in the “clean” soil.’ 
SGSS can be adapted to remediate other forms of radioactive contamination in soil because 
it is detector-based and does not discriminate based on specific radionuclides; it responds 
only to the presence of radioactivity. SGSS can also be coupled as a pretreatment with 
secondary downstream radiological decontamination methods, such as EPA’s portable soil 
washing system, to effect further volume reduction. In this way, only the contaminated feed 
material need be sent to a further decontamination process. 

Waste: SGSS is a separation technology that reduces the volume of disposed waste by 98% 
or greater. Hot waste extracted by the process is stored in steel drums and must be disposed 
of according to EPA land disposal requirements. Fine contamination that is diverted to 
holding ponds must also be treated via colloid polishing, ion exchange, ultrafiltration, reverse 
osmosis, or another process before release. The volume of waste generated is variable, 
depending on the amount of contamination that needs to be treated. Usually, waste volume 
is approximately 2% of the total volume of pretreated, contaminated soil. 

Science/Technology Needs: Hot waste separated from the soil by SGSS and stored in 
drums is placed in radioactive disposal sites for indefinite storage, contributing to the growing 
national stockpile of hazardous radioactive waste. Research into alternative disposal and 
destruction technologies, such as rock melt disposal and high temperature plasma 
incineration, must continue. 
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Implementation Needs: SGSS is automated and requires minimal supervision. Material 
handling equipment such as conveyor belts and shaker screens (for bulk material separation) 
is required. The system itself consists of 15 NaI detectors, PC-based microprocessors and 
software, 8 diversion chutes, and a master control board. At this time, no “up front” costs are 
established for SGSS. 

Nels Johnson estimated a total cost figure for one unit of $60 to $70/yd3, and said that TMA 
is considering the establishment of a total processing cost based on a flat percentage of the 
total cost savings, in terms of disposal fees, experienced by the contractor through the use 
of the SGSS2. Costs for excavation, and pretreatment, if necessary, are additional and are 
highly variable depending on the individual site in question. 

Technology Integration: A secondary soil washing system is often used with SGSS to help 
further decontaminate fine particulates. 

Author: T.S. Tomascik, R L. FeUows/615-576-5632 
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G.E. IODlNUlODlDE EXTRACTION PROCESS (Hg) REMA-142-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Soils/sediments 

PmblemArea/Constituentsc Mercury 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements wil l  be specified. 

Subelement: Treatment 

Alternative: Chemical Separation 

Technology: Chemical Extraction (€-I@. The General Electric iodine/iodide leaching process 
is one of many possible chemical extractants which may be used. This process is selective for 
mercury and is of particular interest for solids which might react extensively with acids. 

tests by Radian Corporation on Lower East Fork Poplar Creek soils have shown 
the iodine/iodide solution to be by far the most effective of all solutions tested. While iodine 
is only slightly soluble in water, solutions concentrations of nearly 1M can be made in 1M 
KI. The reaction product for mercury and mercury salts is the HgIb complex, which is also 
very soluble in KI solutions. Important reactions are: 

H& + 21 -> HgIC - 

HgO + H20 + 41 -> H&= + 2 OH 

Iodine is relatively expensive and GE has patented an iodine recovery and recycle process. 

Status: Predemonstration. Bench scale studies have been made to determine concentration 
and temperature effects on kinetics. A complete process flowsheet has been established. 
Mercury is recovered as metal and the iodine is recovered and recycled, therefore the amount 
of waste produced is very small. 

Sdence/Tecbnology Needs: Treatability tests are required for each particular waste to 
determine the effects of other soluble waste constituents. 

Implementation Needs: GE's estimated costs are approximately $200 to $fiOO/ton of 
contaminated materlal. Costs will vary depending on conditions. 

Authoz J. Perona, 576-9280, C. M. Goddard, 241-4383 
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EM Problem: Remedial action 

Y-12 Plant Problem: Soils/sediments 

problem Area/Constituents M e r c q  

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Physical Separation 

Technology. Beneficiation &I@. Beneficiation and/or solids classification are physical 
processes utilized singly or in series to separate components in mixtures due to differences 
in specific gravity and particle size. These technologies can be used to prepare the waste for 
a "final" destructive thermal or chemical treatment or disposal. Processing is appropriate for 
the physical separation of solids, sediments and mixed debris. These techniques are 
appropriate when size reduction is required as a pretreatment step or when variations in 
physical characteristics of the mixed materials, i.e., size, magnetic, density, etc., allow 
contaminated and noncontaminated materials to be separated, thus reducing the volume of 
hazardous waste to be treated or disposed. Solids classification and beneficiation technologies 
include magnetic processes, screening, wet and dry classification processes, gravity 
separations, and flotation. 

Magnetic separation consists of sorting one solid fkom another by mea.& of a magnetic field. 
Many natural minerals have measurable magnetic susceptibilities but fewer than 20 are 
amenable to magnetic separation. Magnetic separation can be performed either wet or dry, 
or with either low- or high-intensity magnets. Common mercury minerals, such as cinnabar, 
have low magnetic susceptibilities. 

Screens are used for size separations of coarse material, greater than 200 microns. However, 
special screening devices may be used for separations as fine as 44 microns. Numerous 
screening devices are available, e.g., stationary, mechanical, high-speed mechanical, and 
electrically vibrated. 

Specific graviiy-based separations methods have been used in the mining of precious metals. 
In mercury remediation, they are quite adequate when the mercury is in elemental or other 
discrete form and in which removal to background level is not required. These separations 
may also be used as a pretreatment step for the removal of elemental mercury prior to further 
soil or sediment processing with different technologies. Compared to thermal processes, these 
methods have a lower potential for airborne emissions. Representative technologies are 
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discussed below. 

Classification is typically performed for her-sized particles, i.e., less than 200 microns, and 
is accomplished using air or water as the suspending medium. For wet classification of large 
tonnages, hydrocyclones are used however, cyclone separations are quite variable and 
depend on the specific cyclone configuration and operating conditions. Spiral and rake 
mechanical classifiers are basically a settling pool with an inclined ramp. The rake or spiral 
produces agitation in the pool to effect classification by Merential settling. Hydraulic 
classifiers utilize the motion of the fluid as well as variance in specinc gravity to classify the 
solids. Air classifiers are used in conjunction with shredders or screens. 

Gravity separations utilize differences in specinc gravily as the separation driving force. 
Separation processes can be accomplished dry or in a liquid medium. 

Flotation is similar to a gravily separation process. Flotation utilizes an upflow of air to cause 
solids to float on a liquid medium. Flotation processes can use compressed air that dissolves 
in the liquid, usually water; or air at atmospheric pressure. Chemical additives can be used 
to increase separation emciency. 

Magnetic classification processes often require periodic stoppage to permit removal of 
material collected. Wet solids processing often requires a substantial effort to separate the 
canier fluid from the solids after processing. Dry classification processes often result in the 
generation of airborne dusts. 

Status: Demonstration. These technologies are commercially available and have been used 
in the mining industry but have not been used for this application. Some have been used for 
some manometer sites contaminated with elemental mercury. Companies such as Hunter 
Mining Company (Silver City, New Mexico), GZA Environmental, Inc. (phoenix, Arizona) and 
KEERS Environmental, Inc. (Albuquerque, New Mexico), and TransMan (Spokane, WA) . have 
developed physical separation processes to remove mercury from sediments. Since these are 
still in the demonstration phase for mercury, costs are unavailable. 

Science/Technology Needs: Material handling needs specific toy- 12 soils/sediments need 
to be determined. 

Implementation Needs: Waste characterization (metal specie, particle distribution, etc.) and 
pilot testing need to be performed to determine the applicability, design, and cost of this 
technology for Y- 12 contaminated soils/sediments. 

Performance depends strongly upon the form of mercury contamination. If mercury 
contamination is distributed across all soil/sediment particles, then physical separation will 
not be totally effective. Also, other form of treatment will be required in addition to 
beneficiation. The clean-up level needs to be established for Y- 12 soils/sediments. 

Author: C. M. Goddad, 241-4383 
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ROASTING (Hg) REMA-144-02 

EM ProBlem: Remedial action 

Y-12 Plant Problem: Soils/sediments 

Problem Area/ConstituentS: Mercury 

Reference Requirements Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregdatory guidance. As site- and waste-specific characteristics are provided for each 
technology, spedac regulatory requirements will be specified. 

Subelemeat: Treatment 

Alternative: Physical Separation 

Technology: Roasting (Ha. Thermal treatment technologies such as conventional 
incineration, roasting or retorting, physically and chemically alter contaminants at elevated 
temperatures. In recent years, these technologies have been developed into mobile systems 
that can treat contaminated soils and sediments on site. The USEPA BDAT for the treatment 
of DOO9, high-mercury-contaminated materials is thermal roasting or retorting. Thermal 
treatment is based upon the vapor pressure and the low temperature at which mercury 
vaporizes. The vapor pressure of elemental mercury is relatively low at ambient temperatures. 
However, the vapor pressure increases rapidly, by orders of magnitude, with relatively small 
increases in temperature. 

Thermal treatment of mercury-contaminated material involves purging the system of oxygen, 
heating the contaminated materials in either a nitrogen atmosphere or in a vacuum, 
collecting and condensing evolvedvapors, and recovering elemental mercury. During thermal 
treatment, elemental mercury readily volatilizes, and many mercury compounds decompose 
to the gaseous elemental form. 

The mobiUzation/demobiation of mobile thermal treatment systems can be costly and 
time-consuming. Thermal technologies are energy-intensive, and may produce other 
contaminant condensates that will require subsequent treatment and disposal. 
Transportation of the contaminated soil can be expensive if the process is not located at a 
centralized site. Additionally, mobile mercury restoring units are not presently designed to 
process large volumes of mercury contaminated soil. 

Status Accepted. For nonradiologically contaminated hazardous wastes. Process is under 
serious consideration for utilization in site remediation activities at INEL Pit 9. Utilized 
treatment technology for Resolve Superfund Site in Massachusetts, in which PCBS were 
removed 6;om soil. Laboratory scale testing of mercury and uranium contaminated soil was 
performed at the Oak Rdge National Laboratory. Vapor emissions during the thermal process 
will have to be treated; condensate liquids from the thermal process may require additional 
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treatment or storage; recovered mercury will have to be disposed of or stored. There are 
several vendors that have, or are currently developing thermal treatment technologies. Costs 
for these technologies are dependent upon waste characteristics, concentrations, and soil 
types* 

Sdence/Technology Needs: Design and demonstration of feed systems and treated waste 
handling systems. Separation systems design for waste-speciflc off gas from roaster. Volatile 
metals such as mercury are carried over in the vapor phase. Determination if the soils can 
be returned in place after treatment by roasting. I 

Implementation Needs: A demonstration at the Y-12 Plant on contaminated soils is 
planned. Implementation needs will be determined after the demonstration. Treatment costs 
should be fairly low, but will be strongly dependent on secondary treatment options, which 
are waste specific. Verification that the off-gas treatment system will be adequate. 

Authoz Sylvester Losinski, (208) 526-5962; C. M. Goddard, 241-4383 

References: 

1. Vendor contact: Chemical Waste Management, Inc. 
2. #iticaL Review of Mercury Contamination Issues Relevant to Manometers at Natural Gas 

3. A Review of Remediation Technologies Applicable to Mercury Contamination at Natural 

4. Treatability Stucly Report for Mercury in East Fork Poplar Creek, Oak Ridge, Tennessee, 

Industry Sites, GRI-93/0117, Gas Research Institute, August, 1993 

Gas Industry Sites, GRI-93/0099, Gas Research Institute, September, 1993. 

Radian Corporation, Doc # D930129.1PS51, February 1993. 
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EM Problem: Remedial action 

Y-12 Plant Problem: Soils/sediments 

Problem Area/Constituents: Mercluy 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, spednc regulatoIy requirements will be specifled. 

Subelement: Treatment 

Alternative: Chemical Separation 

Techndog~c Electrokinetic removal. Electrokinetic remediation of soils involves application 
of direct current between two electrodes inserted in the soil. Passing of direct current through 
the soil produces three general electrokinetic ef€ects. These are (1) electroosmosis, (2) an 
electroosmotic transport of contaminants, and (3) reactions at the electrodes. Electroosmosis 
involves the movement of pore water through the soil by virtue of the applied electrical field. 
The influence of electroosmosis is greatest in heavy, textured soils (soils with high 
concentrations of silts and clays and low pexmeabilities). Thus, electrokinetics offers a 
method to enhance movement of water in low-permeable soils. Electroosmotic transport of 
Contaminants results as charged anions and cations move in an electrical field. Cations move 
with the water toward the cathodes, and anions generally move toward the anode by electrical 
conduction. Some anions may be transported to the cathodes because of convective transport 
of water by the electroosmosis effect. Gaseous hydrogen and 0H;anions are generated at the 
cathode while protons (H') are generated at the anode, creating a significant pH gradient 
between two electrodes. Metal hydroxides will precipitate and poison the system unless the 
electrolyte chemistry near the cathode is managed effectively. For mercury, the major barrier 
to electrokinetic removal is mobility of the mercury in soil. In the absence of addition of a 
lixiviant. such as the GE Iodine/iodide (REMA-142-02) mercury is unlikely to occur in soils 
in foms subject to migration'in an electrical field. 

Status: Predemonstration. Exploratory studies have moved toxic metals through soil under 
electrostatic Potential.' A DOE-sponsored workshop was held recently in Atlanta to evaluate 
the potential of this concept. This appears to be a concept, not a proven technology. 

Sdence/Tchaology Needs: As previously mentioned, much remains to be leamed about 
this concept before its applicability can be evaluated. The previously mentioned questions 
should be addressed. The technology, if operated in situ in shallow soils (near the surface) 
as expected, would have to operate under conditions ranging from drought to heavy rainfall. 
Although the technique could also be considered an ex situ method, excavation and 
placement in treatment bins will increase the cost and the need for more rapid treatment 
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rates. Concepts need to be developed and tested for recovering mercury from the electrodes 
(of the electrode region). 

Implementation Needs: Much needs to be learned about this technology before all 
implementation needs can be assessed. Costs are very uncertain now, because the concept 
is not sufficiently defined. Costs are not expected to be low even once the entire removal 
scheme is defined. Costs could exceed $100/t. Development and demonstration costs 
probably will be moderate, perhaps $lM to $10M. 

Author: Chet kancis, 574-7257 

References: 

1. Y. A m ,  R Gale, et al., Electrokinetic soil Processing: Project EKSRE, EK-BR-008-079, 
1991 
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EM Problem: Remedial action 

Y-12 Plant Problem: Groundwater, surface water 

Problem Area/Constitueats: Mercury 

RetErence Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Rdge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Treatment 

Alternatives: Physical Separation 

TechnoloW Membrane Filtration (Ha. Membrane filtration processes have two features in 
common: a selective semipermeable membrane and a driving force. When the driving force 
is applied, the semipermeable membrane preferentially allows certain components of a fluid 
mjxture or solution to pass. Processes differ in the membrane's function and type of driving 
force used, but each process results in the production of a dilute and a concentrate stream. 
The membrane separation processes discussed include dialysis, ultrafiltration, facilitated 
transport membranes including supported liquid membranes, and electrophoresis. Reverse 
osmosis is covered separately in another data sheet, REMA-13502. 

Dialysis involves the selective transport of solute molecules through a membrane. The driving 
force is the concentration gradient of the solute across the membrane. Dialysis is typically 
W t e d  to high concentrations, typically 5 to 20 percent, of 1ow:molecular weight dissolved 
solids. It is not suitable for treating wastewaters containing less than 1000 ppm Total 
Dissolved Solids ('IDS). Dialysis is a well developed technology, but because of its limitations, 
has few applications for hazardous waste treatment. 

Ultrafiltration selects on the basis of molecular shape, size and flexibility. The driving force 
for ultraf3ltration is pressure. Ultraflltration passes water and retains suspended colloidal 
solids and materials with molecular weights greater than 500. The process has been 
successfidly applied to heterogeneous colloidal suspensions which are dif'fkult to separate 
using other technologies. Ultrafiltration membranes typically retain all materials larger than 
la-3 to microns. Ultrafiltration is a well developed technology and is CommerciaUy 
available. 

Status: Commercially available. Colloidal solids with molecular weights between 500 and 
500,000 are usually recommended for ultrafiltration. The membrane area requirement for 
ulWtrat ion is typically between 20 and 50 gal/day/ft?. The operating pressure for 
ultrafiltration is typically between 10 and 115 psi. Typical recovery for ultrafiltration is 9 5 O h .  
Dialysis is limited to waste streams with total dissolved solids concentrations greater than 
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1000 ppm. 

Membrane filtration technologies produce a concentrated liquid stream not suitable for 
disposal. The volume is dependent on the technique used to remove the metals from the 
concentrate. 

Sdence/Technology Needs: Evaluation of membrane systems to determine their 
effectiveness on removal of different mercury species and compounds. This would also 
include evaluation of methods (use of amalgamation) to enhance mercury removal. 

Implementation Needs: Waste stream characterization is required to determine suitability 
of membrane processes to select appropriate membrane technology, to determine whether 
pretreatment is required, and to estimate reject rate and reject treatment requirements. 
Operating costs are expected to be moderate to hi@ since membrane processes are energy 
dependent. 

Author. C. M. Goddard, 241-4383 

References: 

1. Remedial Action Assessment System, Version 2.1, prepared for DOE by Battelle Memorial 

2. Lanning. Michael J., Aqueous M e m u y  Zkzfment Technobgy Review for W D E S  outfall 
Institute, Pacific Northwest Laboratory, 1993. 

49, Y-12 PZant, MMES, Y-12 Development, Y/DZ1043, April 1993. 
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EM Roblean: Remedial action 

Y-12 Plant Problem: Groundwater, surface water 

Problem Area/Constituents: Mercury 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specac characteristics are provided for each 
technology, speciac regulatory requirements will be specified. 

Subelemenk Treatment 

Alternatives: Physical Separation 

Technology: Filtration Systems (Hg). Media filtration is used to remove small quantities of 
suspended solids fiom liquid streams by trapping solid particles within the pore structure 
of the filter medium. The type of filter media used depends on the solids loading rate and 
application. Common media are sand, diatomite, calcined rice hulls, coal, cotton or wool 
fabrics, and wire cloth. Two types of filters are cartridge and granular media. The 
effectiveness of these filters for soluble contaminants may be increased by using precipitants. 
These precipitants are discussed in Data Sheets REMA- 13 1-02 and REMA- 132-02. 

Cartridge filters consist of one or more replaceable or renewable cartridges that contain the 
active element. The cartridges are put inside a filter housing. The liquid is fed to the filter 
under pressure, with the solid particles trapped in the element as the liquid passes through. 
Filter elements and housings can be constructed from many different materials, making them 
capable of handling a variety of fluids. Cartridge filters are applicable to the removal of 
relatively small quantities of suspended solids because there is minimal room for 
accumulated solids within the cartridge. When a cartridge filter becomes saturated with 
solids, it is usually replaced or cleaned by air scouring backwashing. When the pressure drop 
becomes too high or the solids content in the effluent is unacceptable, the bed is cleaned by 
backwashjng. Cartridge filtration is not optimum or economical for clari-g liquid streams 
with a solids content greater than 10 mg/l. 

Granular media filters are used to remove suspended solids from liquid streams. A liquid 
canying suspended particles is passed through a bed of granular rnaterial that filters out the 
solids. me filter bed may be a single medium such as sand, dual media such as sand with 
an upper layer of anthracite, or multimedia including garnet, sand, and anthracite, from 
bottom to top. As the solids accumulate, the pressure drop across the Glter bed increases. 
Granular media filtration is not optimum or economical for clarifying liquid streams with a 
solid content greater than 200 mg/l. 

Most filters operate in a batch mode and are taken out of senrice for backwashing. Filter 
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systems are usually designed with extra capacity so that a filter can be taken off line for 
backwashing without disrupting flow through the overall system. Backwash cycles are often 
automated and require little or no operator attention. Numerous designs and configurations 
are available. Filters are designed to operate with gravity flow in open vessels or as pressure 
vessels with a constant, pumped stream. In either case, the most common flow is from top 
to bottom. Upflow pressure filters are available, but they are more expensive, difficult to 
clean, and not widely used. Filtration design depends on the characteristics of the wastewater 
and the solids content as well as on emuent requirements and economic restraints. 

Status: Accepted, commercially available. The effectiveness of this technology is primarily 
limited to particulates. May be used as a pretreatment step for systems designed to treat 
soluble forms of mercury. 

Cartridge filters can be designed to remove particles down to 1 micron or less. As the desired 
particle size retention decreases, the pressure drop across the fiIter increases and the solids 
retention capacity decreases. Granular media filters can typically remove particles down to 
the 10 to 20 micron size. The actual particle size limitation depends on the nature of the 
granular media used. Scaling compounds, like calcium, magnesium and iron may cause 
scaling problems at alkabe pH during operation. 

Science/Technology Needs: Evaluation of sulfur impregnated filter systems and addition 
of precipitants for removal of soluble mercury compounds. Research is needed to determine 
if mter systems can be regenerated. 

Implementation Needs: Characterization of mercury contaminated waters is needed to 
determine the form of mercury and particle size range to determine if this technolo@ will be 
effective. 

- 
Author: C. M. Goddad, 241-4383 

Re&rences: RemedidAction Assessment System, Version 2.1, prepared for DOE by Battelle 
Memorial Institute, Pacific Northwest Laboratory, 1993. 
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REVETMENT SYSTEMS REMA-148-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Soils/sediments 

Problem Area/Constituents Mercury 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are prwided for each 
technology, specific regulatory requirements will be specifled. 

Subelemeat: Containment 

Alternative: Capping 

Technology: Revetment Systems. A combination of g e o t d e  fabric and revetment mat 
provides in-place containment of contaminated sediments by preventing scour of stream bed 
sediments. The permeability of the geotextue fabric is such that the fabric retains the fine 
soils and sediments while relieving hydrostatic pressure. The concrete block revetment mat 
provides weight to hold the fabric in place and armoring to prevent damage due to the forces 
of mwing water. 

Status Accepted. Commercially available. Can be used on steep slopes and when properly 
installed can maintain hydraulic stability under high velocity flows. A cable network is used 
when placing this system on steep slopes. The real advantage of the fabric and revetment 
system is that it provides containment of waste while requiring no excavation and generating 
no waste. A fabric and revetment system is much less expensive-than excavation, treatment 
and disposal options, and it results in containment of waste with minimal construction 
activity. However, a fabric and revetment system would not work for containment of leachable 
or highly mobile waste materials. 

Wence/Technology Needs: Testing of sediments for grain size and chemical constituents 
is required before this method can be effectively used. Also, hydraulic modeling of the system 
through a variety of flow rates and stream bed geometries is needed. This technology is 
commercially available and accepted technology for erosion control. I t  has not yet been used 
for contaminated soils and sediment containment. Thus, its acceptability as a permanent 
solution needs to be investigated. 

Implementation Needs: None 

Author: Bill Barton, 576-0519 

References: Vendor literature from ConLock, Annorflex, Dycel and PetraFlex companies. 
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IN SITU BlOREMEDlATlON (DNAPL) REMA-149-02 

EM Pmblem: Remedial action 

Y-12 Plant Problem: Groundwater, surface water 

PmblemArea/Constitueats DNAPLs 

Reference Requirements Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific charactefistics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Destruction 

Technology: In Situ Bioremediation. Bioremediation of the saturated zone uses water to 
deliver the electron acceptor, usually oxygen. Water amended with an electron acceptor, 
nutrients, and optional microorganisms is introduced into the contaminated groundwater 
zone via one or more injection wells to stimulate biodegradation. Extraction wells are 
normally used to pull amended water horizontally through the contaminated zone. The 
extracted water may require further treatment. Avariety of methods is available for delivering 
oxygen to the subsurface via recharge water. Air or oxygen can be transferred to water using 
an aboveground or in-well sparging system. The disadvantage of these techniques is the 
Umited amount of oxygen that can be transferred to water. Use of hydrogen peroxide can 
greatly increase the oxygen-canying capacity of injected water since molecular oxygen is 
liberated during the natural decomposition of hydrogen peroxide. Hydrogen peroxide is toxic 
to bacteria at high concentrations, but microbial activity _is not inhibited at dilute 
concentrations. Hydrogen peroxide at 40 mg/l of groundwater is reported to release sufGcient 
oqgen to sustain in situ biodegradation. 

Status: Demonstration. In situ bioremediation is being tested extensively at superfund sites 
for destroying organics in groundwater. Fluids-cycling bioreclamation has been used most 
fi-equently to treat soil/water systems contaminated with gasoline, diesel, jet fuel, and BTEX 
such as at the Kaispd Construction Site in Horseheads, New York. However, the DNAPLS 
found at the Bear Creek burial Ground W E ,  TCE, and FCBs) are not readily biodegraded by 
conventional in-situ bioremediation. In cometabolic biodegradation, a substrate such as 
methane is provided for use by the organism as a carbon source, and the enzymes used to 
metabolize the substrate also degrade chlorinated solvents. This process has been shown to 
degrade TCE in lab experiments and limited bioreactor experiments, but has not yet been 
proven in in-situ experiments. 

A limitation of in situ treatment methods at the Bear Creek burial grounds is the depth of the 
DNAPLs (>270 ft.) and the fractured rock underlying the Burial Grounds. The depth would 
make it difllcult to reach the DNAPk with microorganisms, substrate, and oxygen; and it is 
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mely that some DNAPL is present in dead-end pores of the rock matrix that are not part of 
the active groundwater flow system. 

Sdence/Technology Needs: To implement in situ aerobic biodegradation, the dissolved 
oxygen concentration must be greater that 1 mg/l and the minimum air-fllled pore space 
should be about 10%. The redox potential should be greater than 50 mV, the pH between 4.5 
and 8.5, and the carbon-to-nitrogen-to phosphorus ratio about 120: 10: 1. Microbial toxicity 
and inhibition is also determined as is bacterial characterization. If native organisms are not 
present, cultured biomass must be added. Another issue is the effective porosity and nature 
of fractures (e.g., fracture width and surface asperities) in porous and fkctured media, 
respectively. Tight formations that do not permit flushing of the pores and/or fractures will 
inhibit exposure of contaminants to induced biological activity. More control over the in situ 
ad&tion/removal process needs to be obtahed. Studies to improve the contact between 
contamination, bacteria, and oxygen are needed. 

Implementation Needs: Development work would be needed to evaluate in situ treatment 
of DNAPLS at the Bear Creek Burial Ground. In situ biological processes are usually 
considered to be relatively inexpensive. 

A means for injecting oxygen-laden water to the depth of the DNAPLs is needed along with 
a means of controlling the water movement through hydraulic controls, if appropriate. 
Nutrients and bacteria may be needed to supplement subsurface conditions. Nitrogen and 
phosphorus are most frequently the rate-limiting nutrients. 

Author: P. A. Taylor, (615) 574-1965; K. S. Jones, (615) 576-0645 

- 
1. E. Riser-Roberts, Bier- n ofPetrokum C o m d  Sites, C. K. Smoley and 
Sons, Chelsea, MI, 1992 

2. Kueper, B. H., C. S. Haase, and H. L. King, "Leakage of Dense, Non-aqueous Phase 
Liquids ftom Waste Impoundments Constructed in F'ractured Rock and Clay: Theory and 
Case History," Can. GeotechJ., Vol. 29, 1992, pp 234244. 
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EM Problem: Remedial action 

Y-12 Plant Rob-. Groundwater, surface water 

Problem Area/Constituents: DNAPLs 

Reference Requbements Refer to the RegulatoIy Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific ~ ~ ~ L I M . O I Y  requirements will be specified. 

Subelement: Treatment 

Alternative: Destruction 

Technology: In Situ Oxidation. KMnO, is a powerful oxidant that r e m  stable in water, 
yet reacts quickly when it contacts organic matter such as PCE and TCE. The oxidation of 
PCE and TCE by KMnO, involves cleaving the double bond between the two carbon atoms, 
followed by further oxidation of the two chlorinated carbon atoms. The products of complete 
destruction include carbon dioxide (COJ in solution or gas phase, potassium chloride (KCl), 
chlorine (CLJ, hydrochloric acid (HCl) and manganese dioxide (MnOJ. 

The remediation scheme would involve pumping a solution of -0, into an aquifer 
contaminated with PCE or TCE for the purpose of in-situ oxidation. By-products of the 
reaction would be treated on the surface. 

Status: Demonstration. Experiments have been performed bothin the laboratory and at the 
Borden aquifer in Canada, a sandy aquifer approximately 30 feet thick, generally 10 to 15 
feet below ground surface, using KMn04 to oxidize PCE. Results of these experiments indicate 
complete removal of PCE in aqueous solution, but not FCE as an immiscible phase. Similar 
results were obtained in other experiments with TCE. 

A limitation of in situ methods at the Bear Creek Burial Ground is the depth of the DNAPh 
(>270 feet) and the fractured rock underlying the burial grounds. The depth would make it 
difficult to reach the DNAPLs with the KMnO, solution, and it is likely that some D W L  is 
present in the rock matrix that is not part of the active groundwater flow system. 

Sdence/Technology Needs In order to utilize this technology, the practicality of developing 
a method of dissolving the D W L s  into the groundwater must be determined. 

Implementation Needs Complete hydraulic control is required in order to prevent migration 
of by-products. Also, treatment processes for the oxidation products must be available. 

Author: K. S. Jones, (615) 576-0645 
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1. Schnarr, M. J., and G. J. Farquar, "An In-Situ Oxidation Technique to Destroy Residual 
DNAPL from Soil," presented at the Subsurface Restoration Conference, The 3rd 
International Conference on Ground Water Quality, Dallas, TX, June 21-24, 1992. 
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EM Problem: Remedial action 

Y-12 Plant Problem: Groundwater, surface water 

Problem Area/Constituents: DNAPLs 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Containment 

Alternative: Isolation 

Technology: Clay Expansion. Organophillic clays, which expand on contact with organics, 
can be injected into the fractured rock to seal off the contaminated area. 

Status: Conceptual. The use of expanding clays such as bentonite, which swell on contact 
with water, is an established practice in unconsolidated aquifers. Organophillic clays expand 
on contact with DNAPLs just as bentonite expands on contact with water. These have not 
been used in fractured rock, nor at a contaminated site. 

Science/Technology Needs: A method of injecting the organophillic clay into the fractured 
rock at depths greater than 270 ft. must be developed. 

Implementation Needs: Testing of clays with DNAPLs to determine dosage and injection 
system. 

Author: K. S. Jones, (615) 576-0645 

References: Phone conversation. Radian Corporation. 
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REACTIVE GATES REMA-1 52-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Groundwater, surface water 

Problem Area/constitUents DNAPLs 

Reference Requirements Refex to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, spedfic regulatoIy requirements will be specined. 

Subelement: Treatment 

Alternative: Destruction 

Technology: Reactive Gates. A permeable wall containing reactants is constructed across 
the path of the contaminant plume and as the contaminated water passes through the wall, 
the contanvinants are remuved/degraded, allowing uncontaminated water to emerge on the 
downstream side. The reactive material can be activated carbon, ion exchange resins, or 
zero-valence metals. For organic contaminants such as those found at the Bear Creek Burial 
Ground (e.g., PCE, TCE), one possible reactant is metallic iron @e”), which is known to 
promote the degradation of various pure-phase organic liquids. Installation of the reactive 
walls is usually achieved via adaptations of conventional construction methods for 
impermeable barriers (open trenches, polymer slurry trenches, overlapping caissons). 

An adaptation of the reactive gate concept is the funnei-and-gate system, whereby an 
impermeable section of wall is used to direct groundwater flow through relatively narrow 
zones of reactive material. 

Status: Demonstration. Controlled in situ tests have been conducted at the Borden aquifer 
in Canada, a sandy aquifer approximately 30 feet thick, generally 10 to 15 feet below ground 
surface, but no reactive walls have been installed at a subsurface contamination site. 
Conceptual planning for a demonstration at the Paducah Gaseous Diffusion Plant is currently 
under way. Because installation methods are limited to unconsolidated surficial materials at 
depths no greater than 50 m (164 ft), this is not likely to be implementable at the Bear Creek 
Burial Ground where DNAPLS are in fractured bedrock to depths exceeding 270 ft. 

In situ treatment walls require a high initial capital investment, with the benefits to be 
derived from greatly reduced long-term operating and maintenance costs. Because this has 
never been implemented at a contaminated site, the long-tern performance cannot be 
predicted. For example, it is not known how often the reactive material must be replaced. 

Sdence/Technology Needs Before this technology can be implemented at the Y- 12 Plant, 
the practicality of developing new installation methods which will allow excavation into 
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REACTIVE GATES REMA-152-02 

bedrock to depths exceeding 270 ft must be evaluated. Also, there is a significant need to 
develop an understanding of the nature of the reaction between contaminants and reactive 
media and the kinetics of these reactions. 

Implementation Needs: In situ treatment walls require a high initial capital investment, 
with the benefits to be derived from greatly reduced long-term operating and maintenance 
costs. Because this has never been implemented at a contaminated site, the long-term 
perfomance cannot be predicted. For example, it is not known how often the reactive 
material must be replaced. 

Author: K. S. Jones, (615) 576-0645 
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SOIL VAPOR EXTRACTION REMA-153-02 

EM Problem: Remedial action 

Y-12 Plant Roble= Groundwater, surface water 

PmblemArea/Constituents. DNAPLS 

RefiErence Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, s p e d c  regulatory requirements will be specifled. 

Subelement Treatment 

Alternative: Physical Sparation 

Technology: Soil Vapor Extraction. Soil Vapor Extraction (SVE), also called in situ air 
stripping or enhanced volatilization, is a proven in situ method for removing volatile organic 
compounds (VOCs) h m  a soil m a w  above the water table. It uses vacuum wells to induce 
a flow of air through the soil to remove volatile compounds. The system consists of a network 
of wells with perforated well screens potentially extending into the groundwater. These wells 
are packed with gravel and sealed at the top with bentonite to prevent short-circuiting. The 
extraction wells are connected to the suction side of a vacuum extraction unit through a 
surface collection manifold. The vacuum extraction unit induces a flow of air from the 
subsurface into the extraction wells. As air is pulled through the soil, contaminants are 
volatilized from both the soil and water in pore spaces. The vacuum not only draws vapors 
from the unsaturated zone, but also decreases the pressure in soilvoids, thereby causing the 
release of additional VOCs. In general, the vapor concentration in soil gas is the same when 
water separates the DNAPL from the soil gas as when DNAPL is in direct contact with soil 
gas. The extracted vapor flows through the surface collection manifold and is either vented 
to the atmosphere, connected to a vapor-phase carbon absorption system, or flared, 
depending on the nature and extent of VOC contamination. 

Status: Demonstration. A pilot project was conducted at a facility in Virginia to remove FCE 
from a fractured rock vadose zone over 90 ft. thick. 

Science/Tecbnology Needs: Methods for air delivery to, and extraction h m ,  deep fractured 
rock need to be developed before this technology can be used to remove DNAPLS at the Bear 
Creek Burial Grounds. 

Implementation Needs: Subsurface characterization and injection/recovery system. 

Author: Oliva West, (615) 576-0505: K. S. Jones, (615) 576-0645 
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SURFACTANT FLOODING REMA-15402 

EM Problem: Remedial action 

Y-12 Plant Problem: Groundwater, surface water 

Problem Area/Constituents: DNAPLs 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregdatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Retrieval 

Alternative: Roduct Recovery 

Technology: Surfactant Flooding. This technology relies on the injection of a chemical agent 
(surfactant) to alter the physical or chemical properties of the D W L .  The objective of 
surfactant flooding is to directly remove immiscible phase DNAPL from the subsurface 
(removal of “source” zones rather than management/extraction of dissolved phase plumes). 
I t  relies on a lowering of interfacial tension to physically displace DNAPL and/or an 
enhancement in DNAPL solubility to accelerate dissolution. The technology includes steam 
injection, surfactant enhanced mobilization, surfactant enhanced dissolution, and alcohol 
flooding. 

Status Demonstration. Although the technology is established by the oil industry for 
enhanced oil recovery from petroleum reservoirs, it is still in the demonstration phase for 
DNAPL recovery. A demonstration is planned at the Paducah G-aseous Df is ion  Plant, but 
no schedule is available at this time. 

However, Paducah’s site conditions are quite different from those at Y-12. The zone 
contaminated with DNAPL at Paducah is a sandy porous aquifer, whereas DNAPL at Y- 12 is 
in fractured rock. A lowering of interfacial tension will bring about a proportional decrease 
in entry pressures, thus reducing the hydraulic gradient required to mobilize a pool. There 
is some concern that lowering in interfacial tension by surfactants could cause the D W L  
to migrate deeper into the subsurface in response to gravity driving forces. This could be 
especially risky at the Bear Creek Burial Ground since the principal direction of 
bedding-plane fractures dip steeply downward. Experiments have shown that upward 
hydraulic gradients can arrest downward DNAPL migration. Alcohol flooding, however, in 
theory, leads to the development of an alcohol-DNAPL mixture that is immiscible in and less 
dense than water. Therefore the mixture rises buoyantly and floats on the water table where 
it can be removed more easily. 
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SURFACTANT FLOODING REMA-154-02 

Science/Technology Needs More research is required for determining which surfactant to 
use, especially for multicomponent DNAPLs such as those at the Bear Creek Burial Grounds, 
that will minimize the potential for enhanced downward migration of the DNAPL. 

Implementation Needs: Characterization of location/analysis of DNAPLs. 

Author: K. S. Jones, (615) 576-0645 
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AIR SPARGING REMA-155.02 

EM Problem: Remedial action 

Y-12 Plant Rob-. Groundwater, surface water 

Problem Area/Constituents: D W U  

Rederence Requirements Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resewation, radiation protection standards, DOE orders, and 
nonregulatoxy guidance. As site- and waste-speciilc characteristics are provided for each 
technolo@, specific regulatory requirements will be specified. 

Subelement: Retr ied 

Altemative: Product Recovery 

Technologg: Air Sparging. Air Sparging is the injection of air below the water table in order 
to volaljlize organics in the vadose zone, and allow them to be extracted along with the air. 

Status: Conceptual. Although the technology has been used successfully in highly permeable 
soils, it has not been proven to work in fractured rock such as that underlying the Bear Creek 
Burial Ground. However, a more promising use of this technology is the removal of near 
surface residual DNAPL contamination. 

Sdence/Technology Needs: Additional techniques for dispersion or injection of air into 
fractured bedrock at depth are needed. 

Implementation Needs: Subsurface characterizatton and injection system. 

Author: K. S. Jones, (615) 576-0645 
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PUMP AND TREAT REMA-156-02 

EM Problenx Remedial action 

Y-12 Plant Problem: Groundwater, surface water 

Reference Requirements Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resemation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-speciiic characteristics are provided for each 
technology, spednc regulatory requirements will be specified. 

Subelement: Retrieval 

Alternative: Product Recovery 

Technology: Pump and Treat 

Sta- Accepted. Pump and Treat has been generally ineffective in removing the 
contaminant source within reasonable time spans due to the low solubility of the DNAPL 
compounds and the fact that residual zones and pools can represent a very large mass of 
chemical. When attempts are made to clean fractured rock aquifers such as that at the Bear 
Creek Burial Ground, major improvements in water quality are very slow because little or no 
water flushes through dead end pores located within the rock matrix, which is likely to 
contain the bulk of the contaminated mass. However, pump and treat systems can be 
effective for control of off-site migration of dissolved plumes emanating from the DNAPL 
sources. 

Contaminants located within the matrix of fractured rock migrat&ery slowly by diffusion into 
the transmissive fractures during pump and treat. Therefore, removal of contamination from 
the environment by pump and treat is avery slow process that can continue for decades and 
be very expensive. 

Sdemce/Technology Needs: Development is needed on a method to increase groundwater 
flow in the vicinity of the DNAPL in order to accelerate the rate of DNAPL extraction. Physical 
techniques such as fi-aclming are not applicable since they may induce gravity-driven 
expansion of the DNAPL. Increased dissolution of the DNAPL into the groundwater could 
make pump and beat a more viable remediation technology. 

Impleme-ntation Needs: Subsurface characterization and well recovery system. 

Author: K. S. Jones, (615) 576-0645 
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SEQUESTERING IN THE BRINE ZONE REMA-157-02 

EM Pmbleac Remedial action 

Y-12 Plant Problem: Groundwater, surface water 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resemtion, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Containment 

Alternative: Isolation 

TechnoloS Sequestering in the Brine Zone. At Y-12, below a depth of about 1000 feet is 
a region of very saline groundwater that may represent a zone of sluggish flow. It is thought 
that if the DNAPL can be made to migrate into the brine zone it will become trapped and 
further migration will be prevented. Injection of surfactants or other materials into the 
present zone of D W L  accumulation would lower the interfacial tension, remobilizing the 
DNAPL, and permit its downward migration through the fracture system into the brine zone. 

Status: Conceptual. This technology is purely speculative at this point. There is great 
hesitancy at this point to interfere in the brine zone when so little is known about it, 
Furthemnore, it is very doubtful that it would be possible to remove all D W L  from its 
present location and transfer it to the brine zone. 

Sdence/Technology Needs Further information about the brke zone, the present location 
of residual DNAPL, and the probability of success would be needed before any attempts are 
made to utilize this concept. 

Implementation Needs. Subsurface characterization and injection system. 

Autho~ K. S. Jones, (615) 576-0645 
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LASAGNA PROCESS (DNAPL) REMA-158-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Groundwater, surface water 

Refbrenm Reqyirements Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technoloa, specffic regulatory requirements will be specifled. 

Subelemenk Treatment 

Alternative: Destruction 

Technology: Lasagna Process. The lasagna process, named for the alternating layers of 
wastes and cleanup zones it involves, is a developing in situ treatment method for DNAPLs 
in low permeability soils such as clays and silts. The three components of the process are: 
electroosmosis as the driving force to move contaminants out of clay, in situ treatment zone 
formation, and trealment processes themselves. Hydraulic fi-acturing is used to create 
treatment zones in the clay by the injection of a water slurry. The pressure of the water being 
injected causes a horizontal, pancake-shaped fracture to form. These fracture zones can be 
stacked one above the other to become horizontal treatment zones. 

If the top and bottom pancakes in the stack are formulated with a conductive material such 
a graphite, they can become the electrodes for the electroosmosis process. Thus, 
contaminants can be pumped to the treatment or adsorption. Sece the contaminants never 
have to reach the cathode, the voltage gradient can be periodically reversed, allowing for 
multiple passes of the contaminant through the zone should it not be degraded or adsorbed 
on the first pass. Periodic voltage reversal also helps eliminate the problems associated with 
operating the DC voltage in one direction over long periods of time, such as alterations in the 
soil pH and moisture levels. 

The third component of the Lasagna process is the treatment zone itself. Depending on the 
contaminants to be treated, the zones can be filled with microorganisms and nutrients for 
biodegradation, catalysts such as iron filings for dechlorination, or activated carbon for 
adsorption. For mixed DNAPLs, difSerent treatment media can be injected into Merent 
layered zone of the lasagna. This overcomes another problem with electroosmosis alone-the 
expensive surface treatment facilities usually required. 

The lasagna can be either horizontal, as described above, or, in the case of near surface 
contamination the treatment zones and electrodes can be inserted in a vertical m y ,  using 
sheet piling technology. In this approach the electrodes would be sheets of metal driven into 
the ground using the same methods as used in the construction industry. Treatment zones 
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could be created with trenching technology or other technology or other technologies. 

Status Demonstration. In laboratory tests using about a yard of clay, 98% of p-nitrophenol 
were removed by electroosmosis in two phases. The test cell contained seven layers of 
material. The top and bottom layers were filled with graphite. Inside these electrodes were 
layers of clean clay, followed by layers of sand/carbon (the treatment zone), with 
contaminated clay plamd in the center. When current was applied, water moved out of the 
contaminated zone to the cathode. When the water had maved kom the center layer (after 6 
days), the electrodes’ polarity was switched and the water flowed in the opposite direction. 
Ninely-eight percent of the p-nitrophenol was recovered in the carbon zones, and 2Yo in the 
contaminated zones. Similar results were obtained in larger-scale laboratory tests. 

A field test is scheduled for the fall of 1994 at a TCE contaminated site at the Paducah 
Gaseous Diffbion Plant. 

Science/Technology Needs: Further development is needed on in situ treatment methods. 
Laboratories at the University of Waterloo in Canada have been working on the use of iron 
filliqp for dechlorination of chlorinated compounds. Methods for creating treatment zones 
in fractured rock, such as that found at the Y-12 Plant also required development. 

Implementation Needs: Development work would be needed to evaluate the feasibility of 
this technology in the treatment of D W L s  at the Bear Creek Burial Grounds. 

Author. K S. Jones, (615) 576-0645 
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ACTIVATED CARBON (AlWHg) REMA-160102 

EM Problem: Remedial action 

Y-12 Plant Problem: Soils/sediments 

Problem Area/Constituents Mercury - Air' 

Reference Requirements Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resewation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Su&ekment: Treatment 

Alternative: Chemical Separation 

Technology: Activated Carbon (Air/H$. Gas-phase adsorption technology encompasses 
those processes that use a solid material of high surface area and/or permeability to 
selectively adsorb contaminants from a gaseous stream. The adsorption process is classified 
as either physical adsorption or chemisorption. In physical adsorption, the gas molecules 
adhere to the surface of the solid adsorbent as a result of intermolecular attractive forces 
(Van der Waal's forces) between them. The advantage of physical adsorption in that the 
process is more easily reversed. By lowerlng the pressure of the adsorbate in the gas stream 
or by raising the temperatures, the adsorbed gas is readily desorbed without a change in 
chemical composition. Chemisorption results from a chemical interaction between the 
adsorbate and the adsorbing medium. The bonding force associated with this type of 
adsorption is much stronger than that for physical adsorption. Chemisorption is fiequently 
irreversible. Granular activated carbon is, by far, the most c o w o n  hydrophobic adsorbent 
used in industrial waste treatment applications. It is usually used in packed column systems 
and is often regenerated. Contaminated air is passed through the column until the key 
contaminant is detected at some predetermined level in the effluent air stream. Usually 
columns are placed in series, so that the first column can be loaded to its maximum capacity 
while residual levels of the contaminant are removed in subsequent columns. 

Activated carbon is effective at physically adsorbing trace components of hydrophobic 
materials such as mercury from air streams due to a high population of micropores. Removal 
efficiency is 99% or greater. This is achieved at relatively low capital and operational costs. 
The process is also simple to operate and maintain. At low concentrations mercury will be 
adsorbed but the capacity is limited; adsorption capacity usually increases with 
concentration in the gas phase. Impregnants (such as sulfur, copper, silver and iodine) that 
can react or amalgamate with mercury are frequently employed to provide increased 

'Treatment of offgases from remediation (roasting, etc.) of mercury-contaminated soils and 
sediments. 
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ACTIVATED CARBON (AIWHg) REMA-1 60-OZ 

adsorption capacity and selectivity. For sulfur impregnated carbon, see REMA-161-02. 
Physically adsorbed mercury is "fxed by reaction with the impregnant which effectively 
increases the capacity. 

Status: In use. Commercially available from a number of manufacturers. The primary 
application for this technology is the treatment of mercury contaminated gas-phase 
secondary wastes from treatment of mercury contaminated soils/sediments. Spent activated 
carbon would require regeneration or disposal. 

Science/Technology Needs: Treatment of the byproduct (spent carbon) will require research 
and development to ensure that the process will meet all regulations. 

Implementation Needs: Testing to determine the adsorptive capacity of the carbon and to 
determine design parameters. 

Author: C. M. Goddard, 241-4383 
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SULFUR-IMPREGNATED CARBON (AIWHS) REMA-I 61-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Soils/sediments 

Problem Area/ConstituenW Mercury/Air* 

Ref'erence Requiremeats Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-speciflc characteristics are provided for each 
technology, s p e d c  regulatory requirements will be specified. 

Subelemeat: Treatment 

Alternative: Chemical Separation 

Technolog~c Sulfur-lmpregnated Carbon (Air/Hg). Mercury removal with sulfur impregnated 
activated carbon is an established process for removal of mercury fi-om natural gas and air, 
as well as from by-product hydrogen streams. There are other impregnating compounds such 
as iodate (see =MA-160-Oz) which may be used instead of sulfur. The mercury removal 
process employs a single or dual vessel adsorption system designed to reduce mncentrations 
to ~0.001 ug/Nm3 in the treated gas. During the adsorption process, mercuxy is attracted to 
the activated carbon surface where a chemical reaction converts the mercury to mercuric 
sulfide. The sulfide product is then retained in the pores of the carbon granule. 

Based on the chemical reaction (Hg + S -> HgS) the calculated theoretical adsorption capacity 
for Hg is 93% (w/w), based on 15Oh of elemental sulfur on the activated carbon. Based on 
laboratory tests conducted by Barnebey and SutdifKe Corp., the actual adsorption capacity 
was observed to be between 18 and 20% weight percent with a removal efficiency greater than 
99?4 with their sulfur-impregnated carbon, CBII(12x30) in air treatment applications. Based 
on tests conducted by Calgon Carbon Corporation, the adsorption capacity of their lype HGR 
granular activated carbon was observed to be as high as 20 weight percent. 

Status: In Use. Commercially available from several manufacturers. In a properly designed 
sulfur impregnated activated carbon system, the maximum attainable mercury concentration 
in treated air is not affected by changing the pressure or inlet mercury concentration of the 
air stream. However, lowering the gas temperature or moisture content of the inlet gas will 
ixnprove the process and further reduce the mercury concentration in the treated gas. High 
humidity (greater than 50% RH) affected the sulfur impregnated carbon. The effect was due 
to the high adsorption capacity of water from the humid air stream. The adsorption capacity 
increases with humidity. Spent activated carbon would require regeneration or disposal. 

'Treatment of offgases from remediation (roasting, etc.) of mercurycontaminated soils and 
sediments. 
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SULFUR-IMPREGNATED CARBON (AIWHg) REMA-1 61-02 

Science/Technology Needs: Research needs to be conducted to determine the effects 
temperature has on the impregnated carbon. 

Implementation Needs: Testing to determine adsorptive capacity and design parameters. 
The spent carbon will need to be either disposed of or regenerated as dictated by additional 
research and testing. 

Author: C. M. Goddud, 241-4383 
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SELENIUM SORBENT (AIlUHg) REMA-1 62-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Soils/sediments 

problem Area/Constituen~ Mercury/-* 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technqlogy, specific regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Chemical Separation 

Technolo4y: Selenium Sorbent (Air/Hg). A fflter is being developed in Sweden that utilizes 
a reaction between mercury and selenium to contain the mercury. The flue gas entering the 
filter must first be conditioned by removing particulates, lowerlng the temperature to 140OF 
or less, and still keeping the gases from becoming saturated. Depending on the air pollution 
control devices used upstream of the selenium filter and the resulting condition of the flue 
gas, multiple flue-gas condition steps may be required. The fflter unit consists of a cylindrical 
shell fitted with exhaust inlet and outlet connections, within which is a porous granular silica 
cartridge impregnated with selenium. A concentric inner layer of fine grain silica precleans 
the incoming gases before they are brought into contact with the selenium element. Here the 
mercury reacts to form highly stable mercury selenide (HgSe). Lifetime is very dependent on 
loading, varying between 1 and 50 years. 

Status Predemonstration. Because this is a new process that being developed overseas, 
little is known about this process, however, because it does involve flow through a media 
similar to filtration technology, the operations and benefits of the selenium filter should be 
similar to dry ffltration systems. The use of media to collect the pollutant should be very 
simple with no complicated equipment. Because the pollutant is contained within the media, 
the process should be relatively clean. For spent cartridges, Boliden Contech operates an 
exchange system. The company extracts the mercury as a concentrated product which it then 
converts to the pure metal. 

The use of selenium to capture mercury poses a double threat in terms of disposal of the 
spent material. Both of these heavy metals are considered when determining whether a waste 
is characteristidy hazardous in terms of the Toxic Characteristic Leach Procedure (TCLP). 
Therefore, when thermally treating radioactive wastes, the spent selenium filters would have 

I 

'Treatment of ofQases fiom remediation (roasting. etc.) of mercury-contaminated soils and 
sediments. 
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SELENIUM SORBENT (AIFUHg) REMA-162-02 

a high probability of being a mixed waste. 

Sdence/Technology Needs Since little is known about this technology, much research is 
required. The optimum operating conditions and resulting performance needs to be 
determined. Work can be done to determine the best structure of the filter and how to 
manufacture the filter. Potential problems, such as filter binding and poisoning will need to 
be identified and resolved before full-scale application is practicable. 

Implementation Needs: The disposition of the spent selenium sorbent needs to be 
determined. (Can it be regenerated or disposed of?) 

Author: C. M. Goddsd, 241-4383 

References: 
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GAS PARTICULATE REMOVAL (AIWHq) REMA-1 63-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Soils/sediments 

problem Area/Constituentsx Mercwy/Air* 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Physical Separation 

Technology Particulate removal is required when gas streams contain particulate matter 
present in too high a concentration for direct discharge to the atmosphere. From the 
standpoint of gas treatment, particulate matter is any material that exists as a solid or liquid 
in the gas stream. Devices for gas particulate control generally fall into one of five categories: 
gra.vity settling chambers; cyclone, or centrifugal, separators; wet collectors; fabric filters; and 
electrostatic precipitation. 

Gravity settling chambers are typically enlargements of a duct within a gas-handling system. 
These chambers function by decreasing the velocity of the gas enough to allow particles to 
fall to the bottom of the settling chamber before being carried out the downstream side of the 
settling chamber through the outlet duct. The minimum particle size is 10 to 50 microns for 
gravity settling. Gravity settling chambers typically have very low energy cost, low 
maintenance cost, low capital costs, excellent reliability, very large size, and low particulate 
removal mciencies, particularly for smaller size particulates. 

Cyclone separators are gas particulate removal devices that employ centrifugal force 
generated by a spinning gas stream to separate particulate matter from a carrier gas. The 
separator unit may be a single large unit, or a number of units an-anged in a series or in a 
parallel configuration. The minimum particle size for standard cyclones is 10 to 25 microns, 
and for high-efkiency cyclones is 5 microns. Placing cyclones in parallel will generally 
increase the volumetric throughput, while placing them in series will result in higher removal 
efficiencies. Removal efficiency of greater than 99% is possible with conventional cyclones and 
a particle size of 50 microns. 

Wet collectors use a liquid, usually water, to capture particulate dust or to increase the size 

*Treatment of offgases from remediation (roasting, etc.) of mercury-contaminated soils and 
sediments. 
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GAS PARTICULATE REMOVAL (AWHg) REMA-1 63-02 

of aerosols. 'Qpical equipment which uses this contacting scheme includes spray chamber 
scrubbers, wet cyclonic scrubbers, and venturi scrubbers combined with aerosol separators, 
such as mist eliminators or vane separators. 0.5 micron size particles can be removed with 
venturi scrubber wet collectors and 5 micron size particles with spray chamber wet collectors. 
Ef3cient contact of the liquid phase with particulate is generally required with wet collectors. 
This requires a pressurized liquid, and possible high energy costs. Wet collectors remove 
particulates from a liquid stream, which can be pumped and typically handled more easily 
that dry streams. Liquid stream flow wet collectors can be recycled but must eventually be 
treated or disposed. With recycle, generally 500 to 1000 liters of secondary liquid waste is 
generated for every million cubic feet of gas treated. 

F'iltration of particulates fiom gases is one of the oldest and most widely used methods of 
removing particulate matter. Equipment which uses this particulate removal scheme include 
air sampling devices, respiratory protective equipment, filter boxes (including high-eBciency 
particulate air-HEPA fflters) and bag houses. Particles as small as 0.01 microns can be 
effectively removed with fabric filters. Fabric filters require periodic cleaning to remove 
trapped particulates. Baghouse fabric fflters can have efnciencies of greater that 99% when 
removing 0.5 micron particles. HEPA filters remove 95.993% by weight of particulates sizes 
0.3 microns or larger. 

Electrostatic precipitation uses mutually attractive forces between particles of one electrical 
charge and a collecting electrode of opposite charge. Both particles and aerosols can be 
removed from a gas stream in this way. Common electrostatic precipitator internal geometries 
include plate-and-wire and tube-type devices. Electrostatic precipitators have been ef€ective 
over particle sizes ranging fi-om 0.05 to 200 microns. Electrostatic precipitators typically 
exhibit low pressure drop (0.1 to 0.5 inches of water) and are capable of handling materials 
at very high temperatures (up to 1200°F). 

Status: In use; commercially available. I 
Science/Technology Needs: Testing to determine the effectiveness of this technology for 
treatment of off-gases: enhancement of treatment effectiveness using sulfur/zinc impregnated 
filters. 

Implementation Needs: Characterization of soils/sediment off-gases to determine 
applicability and design parameters. 

Author. C. M. Goddard, 241-4383 
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CHEMICAL REDUCTION (Hg) REMA-1 64-02 

EM Pmbl- Remedial action 

Y-12 Plant Problem: Groundwater, sllface water 

PmblemArea/Constituents: Mercury 

Reference Requirements Refer to the Regulatory Compliance chapter of Vol. 1 for . 

potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resexvation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are prwided for each 
technology, specific regulatory requirements will be specifled. 

Subelement: Treatment 

Alternatives: Chemical Separation 

Technologg: Chemical Reduction (Hg). Chemical reduction of metals involves the lowering 
of the oxidation state of a metal by the addition of electrons to the atom. The reduction is 
pH-dependent. Depending on how well the pH is controlled, the reduction can be selective. 
Reducing agents include alkali metals, sulfur dioxide, sulfite salts, tin chloride, and ferrous 
sulfate. Reduction is more commonly applied to metals than to organics and is primarily used 
for reduction of hexavalent chromium, mercury, hexavalent selenium, and lead. Removal is 
seldom complete, producing emuent levels of from 0.5 to 1 mg/l, and the process is used for 
in€tial treatments rather than for polishing. However, two chemical reduction schemes, the 
Ventron sodium borohydride process (REMA-136-02) and the use of zinc dusts, appear to 
be able to improve waste waters to low ug/l mercury limits. In zinc reduction, metallic 
mercury forms an alloy with powdered zinc. The zinc is later recovered by heating the alloys 
and condensing the mercury vapors. - 

Status Demonstration. In an investigation by New Jersey Zinc Company, solutions 
containing 10,000 ug/l of mercury were purified to 20 ug/l in 13 seconds, and to 5 ug/l in 
110 seconds, by passing them through a 4.7 inch deep bed of granular zinc particles with 
average diameters of 2 mm. A problem with this method is the presence of residual zinc in 
the fluent. Some method of removing zinc will be required, adding to the cost and 
complexity of the system. 

Science/Technology Needs: Better characterization of DOE wastes to determine mercury 
speciation and competing ions. Mercury metal may be produced in colloidal form, and 
engineering development may be required to identffy optimal means of recovery. 

Implementation Needs: Characterization and treatability testing is needed to determine 
pretreatment requirements and design parameters. A demonstration of this technology is also 
required. 
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~ ~~ 

Author: C. M. Goddsd, 241-4383 
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FORAGER SPONGE (HG) REMA-1 65-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Groundwater, surface water 

Problem Ama/Constituents. Mercury 

Reference Requirements Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, spedfic regulato~~ requirements will be specified. 

Subelement: Treatment 

Alternatfves: Physical Separation 

Technology: Forager Sponge (€-I@. Dynaphore, Inc., of Richmond, VA, has developed a 
Forager Sponge product which has been used in removing dissolved ionic mercury from 
water. One cubic foot of sponge will hold approximately 110 grams of mercury at saturation. 
The sponge is a porous open-celled sponge having a size of about 1 cms and containing a 
specialized polymer having selective amnity for certain dissolved species in aqueous 
solutions. Several cubes are confined within a net enclosure to form an in-ground sorption 
unit. 

Status pilot. Dynaphore has conducted their own pilot studies on the product. Costs 
depend on the magnitude of the task, flowrate, concentration of dissolved mercury, the 
nature of other dissolved constituents, and whether the sponge is recycled. Generally, a 
one-time use of the sponge with conversion to phenolic-encaps-glated mercuric would cost 
between $O.SO/gram and $l.OO/gram of mercury disposed of. A recycle approach might be 
less costly, depending on what is done with the HgCb elution solution. 

Sdence/Technology Needs: Better characterization of the wastewaters is needed to 
determine mercury speciation and competing ions. Regeneration/disposal options need to be 
explored. 

Implementation Needs: Characterization and treatability testing is needed to determine 
pretreatment requirements and design parameters. A demonstration of this technology is also 
required. 

&tho= C. M. Goddard, 241-4383 

Refkrences: 
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MERCURY SCRUBBERS (AIWHg) REMA-166-OZ 

EM Roblem: Remedial action 

Y-12 Plant Problem: Soils/sediments 

Problem Area/constitueats: Mercury/Air* 

Refereace Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 Pt. A, B, or 
C as appropriate) for potentially applicable proposed and promulgated environmental laws, 
signed and pending agreements for the Oak Ridge Resewation, radiation protection 
standards, DOE orders, and nonregulatoxy guidance. As site- and waste-specific 
characteristics are provided for each technology, specific regulatory requirements will be 
specifled. 

Subelememk Treatment 

Alternative: Chemical Separation 

Technology Mercury Scrubbers (Air/H@. By reacting mercury with chemicals such as 
sodium hypochlorite, permanganate and many others, or with a chelating agent and cupric 
chloride, water-soluble species of mercury are formed. As such, mercury can be removed fkom 
flue gas using conventional wet scrubbing technologies such as packed beds or spray towers. 
In this manner, mercury removal efflciencies of 90 to 95% have been obtained. While this 
technology is relatively new and little is known, it has excellent potential and may also be 
useful in removing other pollutants. 

Because this is a wet process, cooler temperatures result, and therefore more mercury 
condensation occurs. This mer- condensation can improve mercury removal in both the 
mercury scrubber and in downstream air pollution control equipment. In addition, this 
technology has an excellent potential of being combined with other wet scrubbing processes 
to collect multiple pollutants in one step. For instance, acid-gas scrubbing and mercury 
removal have been combined by using a caustic scrubbing solution and a mercury scrubbing 
agent simultaneously. Nitrogen oxide reductions have also been demonstrated by adding 
bromine to the scrubber. In addition, some mercuv scrubbing agents have the potential to 
remove NO, without other additives. 

Because this technology is basically the same as acid-gas wet scrubbers, except with Werent 
scrubbing agents, there are the same types of disadvantages as with other wet scrubbers. 
There are potentzal problems with packing fouling and gas channeling or poor liquid 
distribution when using packed-bed technology. Spray towers may have lower emciency or 
problems with plugged nozzles. Further, if using other types of wet scrubbing technologies, 
the problems associated with these technologies will likely occur. A particularly difficult 

'Treatment of offgases from remediation (roasting, etc.) of mercury-contaminated soils and 
sediments. 
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MERCURY SCRUBBERS (AIWHg) REMA-166-02 

problem will be treatment of the mercq-containing liquids if required. Because the 
scrubbing liquids will likely have some salts from acid-gas neutralization, solidiilcation and 
-tion of the mercury will require special processes. 

Status Redemonstration 

Sdence/Technology Needs: Research is needed to find potential chemical reactants and 
to determine optimum operating conditions. Testing of various thermal treatment devices 
under various operating conditions is needed to demonstrate the applicability of this 
technology to potential treatment systems. Work to determine proper treatment and disposal 
of the spent scrub solution is also needed. In addition, investigation into the possibility of 
scrubbing other pollutants would be beneficial. 

Implementation Needs: Treatability testing is needed to confirm the effectiveness of the 
technology and to determine the optimum wet scrubbing system. 

AuthoC C. M. Goddwd, 241-4383 
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SOLVENT EXTRACTION (Hg) REMA-167-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Groundwater and Surface Water 

Problem Area/Constituents: Mercury 

Reference RequiremeptS: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specifled. 

Subelement: Treatment 

Alternatives: Chemical Separation 

Technolo@ Solvent Extraction (HgL Solvent &traction is the separation of the constituents 
of a liquid solution by contacting with another insoluble liquid. For example, if mercury is in 
solution in an aqueous liquid, it can be extracted into an insoluble organic liquid. The two 
liquids can be contacted in agitated vessels or columns to achieve mass transfer of mercury 
between the liquid phases. The liquids are then separated in quiescent vessels or settlers. If 
mercury is in a cationic form and no halides are present, long chain carboxylic, phosphoric 
or sulfone acids may be used. Examples are oleic acid, dibutylbenzoylthiourea and 
dithiomne. Usually, however, Hg(OH), or HgC& is present. In strong electrolyte solutions, 
especially halides, mercury will probably exist as an anionic complex. High molecular weight 
amines such as tertiary amines could be used at a low pH. 

Status: Predemonstration. Solvent extraction is widely practiced industrially and an 
extensive variety of solvent extraction equipment is available commercially. Selection of a 
solvent requires complete waste characterization. Stripping the mercury from the solvent 
must be worked out. Contacting equipment must be matched to the system chosen and 
contactor hydrodynamics must be developed. Long-term stability of the solvent must be 
demonstrated. 

Sdence/Technology Needs: Research is required to determine the amounts of solvent lost 
in the process and if the solvent can be regenerated. Need to identify low toxicity and low 
solubility solvents. 

Implementation Needs: Testing is needed to idenufy the optimum solvent, contacting 
equipment, and determine pretreatment needs, and disposal requirements of the residue. 
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Authoz Joseph Perona, 576-9280 
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BIOREDUCTIOWPURGING (Hg) REMA-168-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Groundwater and Surface Water 

Problem Area/Constitue.u~ Mercury 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatoq guidance!. As site- and waste-speciflc characteristics are provided for each 
technolo@, specific regulatory requirements will be specified. 

Subelement: Treatment 

Alternatives: Chemical Separation 

Technology: Bioreduction/Purging (Hg). Reduction and volatilization of mercury in natural 
waters have been widely reported and appear to play a significant role in the net production 
of methylated mercury species and the rate of detoxification of contaminated waters. 
UWization of enhanced natural microbial capacities to transform inorganic and organic 
mercury to volatile elemental mercury is an attractive potential wastewater treatment option. 
Both abiotic and biotic mechanisms of reduction are recognized. Abiotic reduction occurs as 
a consequence of the high potential of HgOI) to undergo reduction to HgO followed by the 
disproportionation of H m  to Hg plus H&II). Biotic reduction occurs enzymatically in the 
presence of mercury-resistant microorganisms and may involve extracellular inorganic HgO 
or intracellular Hg@) cleaved from alkylated species. The product of these reactions, 
elemental mercury, is easily purged from water (Henry's Law Constant = 0.32 at 25 degrees 
C) and can be readily condensed or trapped on solid sorbents. Application of the bioreduction 
potential of microorganisms in wastewater treatment requires a fuller understanding of some 
of the environmental factors which limit or enhance this potential. Research to date has 
addressed the effects of substrate (mercuric ion) concentration, pH, suspended matter 
concentration, light, and nutrients on the process. 

Status: Predemonstration (Development at Y-12 is at the bench-scale level, using 
bioreactors). For several years, ORNL staff have been formally and informally collaborating 
with staff from the EPA biotechnology group at Gulf Breeze, Florida, to explore the potential 
of bioreduction of mercury. Support for this work has originated mostly from the Electric 
Power Research Institute (EPIU) and the USEPA, but the DOE Omce of Technology 
Development briefly supported the effort. The EPRI and EPA have been keenly interested in 
the Hg-contaminated site at Oak Rdge as a field laboratory for exarmnin - g bioreduction. 
Consequently, most of the experimental work has employed water or sediment samples from 
Oak Ridge. In fact, one recent EPA experiment employed a microorganism isolated from East 
Fork Poplar Creek to evaluate bioreduction of mercury in groundwater on DOE sites, as a 
treatment option. Intense bioreactor work using water and sediment from upper East Fork 
Poplar Creek over the past year is currently being completed at the Gulf Breeze laboratory. 
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conclusions from this work and from earlier studies indicate that sorptive 
processes are highly competitive with the bioreductive processes in Hg-contaminated aquatic 
systems and appear to W t  the availability of mercury for bioreduction. The future of “stand 
alone” mercury bioreduction in wastewater treatment is uncertain, but, in combination with 
bimrption technology bioreduction would be promising. 

Sdence/Technology Needs Treatability tests are needed to confirm the applicability of the 
process in actual wastewater, determine design parameters, and estimate treatment costs. 
Important issues related to the competitive role of biosorption and process sustainability need 
to be resolved. Biosorption may produce Hg-contaminated sludges for disposal. No 
information is available about what specific conditions would have to be mahtained in 
full-scale reactors to achieve a sustained evolution of mercury vapor. Off-gas treatment is 
likely to be required even though off-gas concentrations are expected to be well below 
regulatory thresholds. 

Implementation Needs: Although the concept is relatively simple, the use of biological 
treatment systems inevitably require significant “life support’* systems. The simplest system 
design would require two or more tanks or air-stripping towers with facilities for 
adding/monitoring nutrients. Use of biofllm technology would preclude/minimize losses of 
active microbial cells in a full flow-through system. Because mercury-contaminated waters 
at Y- 12 may already possess active communities of mercury-resistant bacteria, addition and 
maintenance of an exogenous culture may not be required. 

Author: R R Turner, 574-7856 
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Electrowinning (Hg) REMA-1 69-OZ 

EM Problem: Remedial action 

Y-12 Plant Problem: Groundwater and Surface Water 

Roblem Area/Constftuents: Mercury 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Treatment 

Alternatives: Chemical Separation 

Technology: Electrowinning. Mercuric ions in solution can be reduced to the metal in an 
electrochemical cell. The electrochemical process of electrowinning involves passing 
mercury-contaminated wastewater through a porous electrode which is typically composed 
of carbon. Mercury is electrodeposited on the high surface area porous cathode as the 
solution is pumped through the electrode. It has also been demonstrated that elemental 
mercury can be used as the cathode opening the possibility of providing an indehite useful 
electrode Me. The latter arrangement is W t e d  to removing mercury from wastewater down 
to the inherent solubility of elemental mercury at about 60 ppb. Nonetheless, for wastewaters 
that resist other treatment options, such as brines, the techniques could provide effective 
initial treatment. Followup treatment could involve nothing more than air purging to remove 
the dissolved elemental mercury in the product of the electrochemical process. Laboratory 
studies using porous carbon electrodes have shown removal of-mercury down to about 20 
ppb from solutions containing 55 ppb. 

Status: Predemonstration. This concept has been discussed and evaluated in the 
electrochemical literature for some time, but there are few examples of application to mercury 
treatment in wastewater. 

Science/Technology Needs: One candidate wastewater (a lithium hydrox€de solution 
containing 50 ppm Ha, already existing at Y-12, could potentially benefit fiom this 
technology. The solution has so far resisted most conventional treatment. Treatabilily studies 
involving electrowinning should be conducted on this wastewater. 

Implementation Needs: Treatability studies, including evaluation of any hazardous 
off-gases from the electrochemical process and alternatives for recovery of the mercury for 
recycle. 
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Author: R R Tumer/615-5747856 
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In Situ ErnuIsification/Amalgamation (Hg) REMA-I 70-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Soil contamination 

Problem Area/constituentS: Mercury-contaminated soils 

Reference Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Resewation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelemenk Treatment 

Alternatives: Chemical Separation 

Technology: In Situ Emulsification/Amalgamation. Amalgamation of elemental mercury to 
copper/zinc alloys utilizing biodispersants. Bacterially produced biodispersants destroy soil 
fines, emulsify a variety of compounds, including mercuy, and facilitate the desorption of 
these compounds from soil. Mercury can be effectively desorbed from soil and then emulsified 
using biodispersants. Once desorbed, the mercury can be amalgamated rapidly and emciently 
to pennies which are composed of a copper/zinc core with a thick copper coating. Penny 
surrogates possessing an iron core, once they are developed, will facilitate recovery of 
mercury from a soil sluny h t  by amalgamation and then by removal with a magnet, 
Biodispersants are crucial to this process. They allow for the desorption of the mercury from 
soil. Without biodispersant, soil seems to have a greater aflhity for mercury than does copper 
and amalgamation does not occur. Additional studies using metal piping that was 
contaminated with mercuq showed that rinsing the pipes in a biodispersant solution 
removed two times more mercury than washing the pipe in water or even detergent solutions. 
several commercially available dispersants, Ween  80, T.N.T., etc) were not effective in 
emulsrrYing mercury which shows the uniqueness of our bacteria found here on the Y- 12 site 
where much of the mercury contamination can be found. 

Status: Redemonstration. Laboratory studies have successfully been completed 
demonstrating the eflicacy of biodispersants in destroying soil fines, emulsifying mercury and 
facilitating the amalgamation of mer- in soil slurries to copper/zinc alloys. 

Sdence/Techpology Needs Trial field studies need to be implemented on soils 
contaminated with mercury. Mercury, in other than in its elemental form, must also be 
smeyed in the laboratory to determine the feasibility of using this technology on older 
samples as well as different types, of soils. BBs with an iron core and coated with an alloy 
matrix of copper/zinc must be manufactured and tested in the laboratory prior to field 
implementation. 

Implementation Needs: Field studies would most easily be performed with the aid of a 
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cement mixer which could be filled with mercury-contaminated soil. Biodispersant would 
then be added to create the sluny. Copper/zinc alloy BBs (after they are manufactured) could 
then be added to the sluny and allowed to amalgamate to the mercury directly inside the 
cement mixer. This material would then be allowed to drain from the mixer and the BBs 
coated with mercury will be recovered with a magnet. 

Equipment needs: - small cement mlxer - largemagnet - dozer etc. to excavate mercury-contaminated soil 
- production of biodispersant - production of copper/zinc B B s  with iron core - personnel and safety equipment needed to fa and recovery mercury-contaminated soils. 

Final needs: - M.4M to procure all the necessary equipment and materials, produce sUmcient 
biodispersant, and continue laboratory studies before field testing. Analytical testing of 
the soil slurries must also be performed to determine the degree of mercury removal. 

The cost-effectiveness of this procedure! must still be determined, but appears feasible 
considering existing methodologies. 

Author: Arpad Vass/615-5740686, R L. Tyndall/6 15-5740686 

Refkremces: 
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IMMOBILIZATION USING ELEMENTAL SULFUR (Hg) REMA-171-02 

EM Problem: Remedial action 

Y-12 Plant Problem: Soil/Sediments 

Problem Area/C~nstituents Mercury 

Refkmuce Requirements: Refer to the Regulatory Compliance chapter of Vol. 1 for 
potentially applicable proposed and promulgated environmental laws, signed and pending 
agreements for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specifled. 

Subelemene Treatment 

Alternatives: Fixation 

Technolom Immobilization using Elemental Sulfur. Elemental sulfur has been used with 
some success to suppress mercury vapor emissions form contaminated surfaces and soils. 
This "technologf' was reportedly practiced in the basement of 9201-1 several years ago, 
following unrecovered mercury spills related to the Cola  pilot plant operation on this 
building in the early 1950s. Similarly, sulfur impregnated carbons have better sorptive 
capacity for gaseous mercuy than activated carbon alone. Under favorable conditions, the 
respective elemental forms of sulfw and mercury should react to produce mercuric sulfide, 
an environmentally desirable compound of low vapor pressure and solubility in which to 
immobilize mercury. Adding the respective redox half reactions for the oxidation of mercury 
and the reduction of sulf' does not yield a thermodynamically favorable net potential or free 
energy. However, if the redox and precipitation (fomation of HgS) reactions are added, the 
net free energy is negative, and the reaction should proceed spontaneously. 

Status: Conceptual. Laboratory tests conducted by lightly grinding a small mixture of sulfur 
and elemental mercury confinned the presence of mercuric sulfide (as metacinnabar) and 
elemental sulfur in the mixture by X-ray diffraction analysis. Even though excess sulfur was 
present, the mixlxre yielded sample headspace mercury concentrations which saturated the 
vapor monitor, indicating that not all of the mercury reacted with the sulfur. 

Science/Technology Needs: The high surface tension of elemental mercury and the 
hydrophobicity of sulfur are considered to be signiacant barriers to effective mixing and 
reaction of these reactants in an in situ application. The development of the biodispersants 
discussed in REMA-170-02, which reduce the surface tension of mercury, could greatly 
enhance the desired reaction with sulfur. 

Implemntation Needs: Field studies will be needed to demonstrate this technology once 
science/technology needs are developed. 
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Author: R R Turner/615-5747856, K. S. Jones/615-576-0645 

References 
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PNEUMATIC FRACTURING EXTRACTION 
& CATALYTIC OXIDATION REMA-600-OZ 

EM Problem: Remedial action 

Site Problem: Groundwater, surface water 

Problem Area/Constituents: Soil/sediments contaminated with volatile and semivolatile 
organic compounds (VOCs, SVOCs) 

Reference Requirements: Refer to “Regulatory Compliance,” Volume 1, for potentially 
applicable proposed and promulgated environmental laws, signed and pending agreements 
for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific, they provide characteristics for each 
technology, specific regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Physical separation 

Technology: Pneumatic Fracturing Extraction (PFE) and Catalytic Oxidation. The treatment 
occurs by forcing compressed gas into a formation to create a hc tu re  network. The gases are 
at a pressure that exceeds the normal in situ stresses present. The fractures allow air to 
circulate faster throughout the formation, removing VOCs. Combining PFE with a catalytic 
oxidation unit equipped with special catalysts then destroys halogenated organics. Also, 
using PFE with Hot Gas Injection (HGI), an in situ thermal process, further enhances the 
VOC removal rates, and the HGI can return the energy generated during catalytic oxidation 
to the ground. VOCs and SVOCs from within the vadose and saturated zones can be treated 
in both soil and rock. 

Status: Demonstration. The Technology was accepted into the Environmental Protection 
Agency’s Superfund Innovation Technology Evaluation (SITE) Program and was 
demonstrated to effectively remove trichloroethene (TCE) and other VOCs from a siltstone 
formation. The project took place in 1992 at a New Jersey Department of Environmental 
Protection and Energy (NSDEPE) Environmental Cleanup Responsibility ACT (ECRA) site in 
Hillsborough, New Jersey. Results of this first phase demonstration are documented in a 
Technology Evaluation Report (EPA/540/R-93/509), a Technology Demonstration Summary 
(EPA/540/SR-93/509), a Demonstration Bulletin (EPA/540/MR-93/509), and an 
Applications Analysis Report (EPA/540/AR-93/509). The PFE(S”)/HGI technology is being 
demonstrated in two phases. First, the incremental benefit of each technology, which took 
place in New Jersey, 1992. Second, it will be integrated with groundwater recovery and the 
catalytic technology to evaluate long term cost benefits. A second phase demonstration will 
be conducted. 

- 

Waste: Pneumatic fracturing leaves some drilling residue. Gaseous waste from catalytic 
oxidation. 
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& CATALYTIC OXIDATION REMA-600-OZ 

Emacz~:  The PFE" technology increased the effective vacuum radius threefold and 
increased the mass removal by 25 times compared to conventional extraction technology. 

Science/Technology Needs: Commercially available. 

Xmplementation Needs: 

Costs: The treatment is considered to be a cost-effective treatment method where 
conventional methods are limited because of low-permeability geologic formations. The cost 
benefit analysis for the second phase will have to be reviewed by EPA. 

Author: Todd P. DiNoia, R. L. Fellows /6 15-576-5632 

References: 

1. US. Environmental Protection Agency, SITE Program, Technobgy Proms, SixthEdition, 
EPA/540/R-93/526, Office of Research and Development, Washington, D.C., 20460, 
November, 1993 

2. Further Documentation: Technology Evaluation Report (EPA/540/R-93/509), 
Technology demonstration Summary (EPA/540/SR-93/509), Demonstration Bulletin 
(EPA/540/MR-93/509), Applications Analysis Report (EPA/540/AR-93/509). 

3. Further Information: EPA Project Manager: Uwe Frank, U.S. EPA, Building 10, MS- 104, 
2890 Woodbridge Avenue, Edison, N J  08837, Tel: 908-32 1-6626, Fax: 908-906-6990. 
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INCINERATION, PYRETRONR THERMAL DESTRUCTION REMA-601 -0Z 

EM Problem: Remedial action 

Site Problem: Soils, sediments, buried waste 

Problem Area/Constituents: 
wastes contaminated with hazardous organics 

High- and low-BTU solid wastes, soil/sediments, buried 

Reference Requirements: Refer to "Regulatory Compliance," Volume 1, for potentially 
applicable proposed and promulgated environmental laws, signed and pending agreements 
for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Destruction 

Technology: Incineration, PYRM'RON Thermal Destruction. Incineration is the thermal 
destruction of hazardous wastes in the presence of oxygen for combustion. The PYRETRON 
thermal destruction technology controls the heat input into an incineration process using 
oxygen-air-fuel burners to control levels of oxygen available for oxidation. It is computer- 
controlled to automatically adjust temperatures in combustion chambers and the amounts 
of excess oxygen based on changes in volatilization rates of contaminants. It can be fitted to 
any conventional incineration unit to bum liquids, solids, and sludges. Also, co-incineration 
can be used for solids and sludges when the burner is used with a rotary kiln incinerator or 
any other similar unit. 

Status: Demonstration. The technology was accepted into the Environmental Protection 
Agency's Superfund Innovation Technology Evaluation (SITE) Program in 1987 at the EPA's 
Incineration Research Facility in Jefferson, Arkansas. The PYREflRON thermal destruction 
system treated a mixture of 40% contaminated soil from Stringfellow Acid pit Superfimd Site 
in California and 60% of decanter tank sludge from coking operations. The treatment 
program concentrated on six polynuclear aromatic hydrocarbons. 

Waste: The emission levels in the scrubber discharge were significantly below the hazardous 
waste incinerator performance standard, 180 milligrams per dry standard cubic meter at 7% 
oxygen. All solid residues were contaminant free. Doubling the throughput with the 
PYRETRON oxygen-enhanced system did not change any transient carbon monoxide levels 
of emissions as would be expected with air-only incineration. 

Emmy: The PYRETRON technology achieved 99.99% destruction and removal efficiencies 
of the contaminates in the SITE program. It achieved double the waste throughput possible 
in any conventional incineration and could double the capacity of a conventional rotary kiln 
incinerator. 
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Science/Technology Needs: Commercially available 

Implementation Needs: NA 

Costs: The treatment can achieve cost savings when oxygen costs are reduced and operating 
and fuel costs are high. 

Author: Todd P. DiNoia, R. L. Fellows / 615-576-5632 

References: 

1. US. Environmental Protection Agency, SITE Program, Technology Proms, Sixth 
Edition, EPA/540/R-93/526, Office of Research and Development, Washington, D.C. , 
20460, November 1993 

2. Further Documentation: Technology Cvaluation Report (EPA/540/5-89/008), 
Applications Analysis Report (EPA/540/A5-89/008). 

3. Further Information: EPA Project Manager: Laurel Staley, US. EPA, Risk Reduction 
Energy Laboratory, 26 West Martin Luther King Drive, Cincinnati, OH, 45268, Tel.: 
513-569-7863, Fax: 5 13-569-7620. Technology Developer Contact: Gregory 
Gitman, 4476 Park Drive, Norcross, GA, 30093, Tel.: 404-564-4180, Fax: 404-564- 
4192. 
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INTEGRATED VAPOR EXTRACTION 
AND STEAM VACUUM STRIPPING RE MA-602-0Z 

EM Problem: Remedial action 

Site Problem: Groundwater, soils 

Problem Area/Constituents: Groundwater, surface water, and soils/sediment contaminated 
with volatile organic compounds (VOCs), chlorinated hydrocarbons 

Reference Requirements: Refer to "Regulatory Compliance," Volume 1, for potentially 
applicable proposed and promulgated environmental laws, signed and pending agreements 
for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Physical separation 

Technology: Integrated Vapor Extraction and Steam Vacuum Stripping. Both Soil Vapor 
Extraction (SVE) and Steam Stripping are widely known and accepted technologies to remove 
VOCs. ORNL Technology Evaluation Data Sheets (see references) have been created for Soil 
Vapor Extraction, REMA-78-0L, and Steam Stripping, REMA-77-OL, separately. AWD 
Technologies, Inc., integrated the two technologies to create a system, the AquaDetox/SVE 
system, that simultaneously treats both groundwater and soil. The system consists of a 
moderate vacuum stripping tower that uses low-pressure steam and an SVE process. The 
combination creates a closed-loop system that eliminates air emissions. The AquaDetox is 
a high-efficiency, countercurrent stripping unit developed by DOW Chemical Company. The 
SVE system uses a vacuum for soil treatment, inducing a flow through the soil and removing 
vapor phase VOCs with the extracted soil gas. Carbon beds remove additional VOCs from the 
soil gas and the two units share a granulated activated carbon (GAC) unit that 
decontaminates the combined vapors. The closed-loop system also incorporates a vent header 
unit that collects noncondensable gases and the AquaDetox unit condenses and treats the 
steam used to regenerate the carbon beds. 

Status: Demonstration. The technologywas accepted into the U.S. Environmental Protection 
Agency's SITE, Superfund Innovation Technology Evaluation, demonstration program in 1990 
at the San Fernando Valley Groundwater Basin Superfund site in Burbank, California. An 
Applications Analysis Report (EPA/54O/A5-9 1 /002) was written in 199 1. 

Emcicy: The SITE treatment has a 99.92-99.99% removal efficiency of VOCs from 
groundwater and a 98.0-99.9% removal efficiency of VOCs from soil gas when using AWD 
specifications. The effluent groundwater produced complied with discharge regulations for 
TCE and PCE (5 pg/L per compound). It also reduced steam consumption with lower tower 
pressures and the efficiency increased as operating tower pressures decreased. 
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Waste: The only byproducts produced are a free-phase recyclable product and treated water. 
In use for more than 3 years, the AWD AquaDetox/SVE system has also been treating 
groundwater and soil gas at the Lockkheed Aeronautical Systems Company in Burbank, 
California. I t  has been operating 95% of the time to treat 1200 gpm of contaminated 
groundwater (2200 ppb of TCE, 11,000 ppb of PCE), and 300 cfin of contaminated soil gas 
(6000 ppm of VOCs). 

Science/Technology Needs: Commercially available. 

Implementation Needs: NA 

Costs: The cost of an AWD system is estimated to be $3.2 million for a 500-gpm system, $4.3 
million for a 1000-gpm system, and $5.8 million for a 3000-gpm system. Total annual 
operation and maintenance costs are approximately $410,000 for a 500-gpm system, 
$630,000 for a 1000-gpm system, and $1.5 million for a 3000-gpm system. 

Author: Todd P. Dwoia, R. L. Fellows / 615-576-5632 

References: 

1. 

2. 

3. 
4. 

U.S. Environmental Protection Agency, SITE Program, Technology Pro$Zes, Sixth 
Edition, EPA/54O/R-93/526, Office of Research and Development, Washington, D.C., 
20460, November, 1993 
ORNL Technology Evaluation Data Sheets are in: Oak Ridge NationaZ Laboratory 

Technology Logic Diagram, R. L. Fellows, Ed., ORNL/M-2751, September 1993. 
Further Documentation: Applications Analysis Report (EPA/54O/A5-9 1 /002) 
Further Information: EPAProject Manager, Gordon Evans, US. EPA, Risk Reduction 
Engineering Laboratory, 26 West Martin Luther King Drive, Cincinnati, OH 45268 
Tel. : 5 13-569-7684 Fax: 5 13-569-7620. Technology Developer Contact, David 
Bluestein, 49 Stevenson Street, Suite 600, San Francisco, CA 94105, Tel.: 415-227- 
0822. 
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EM Problem: Remedial action 

Site Problem: Soil and sediment contamination 

Problem Area/Constituents: Highly contaminated inorganic hazardous wastes, sludges, 
and soils contaminated with metals and organic wastes 

Reference Requirements: Refer to “Regulatory Compliance,” Volume 1, for potentially 
applicable proposed and promulgated environmental laws, signed and pending agreements 
for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Fixation 

Technology: Cyclone Furnace or Cyclone Vitrification. The furnace is designed for the 
combustion of high inorganic content coal. The cyclone combines high heat-release rates 
(45,000 Btu/ft3 of coal) and high turbulence to achieve high temperatures required for 
melting high-ash fuels. The inert ash exits as a vitrified slag. For dry soil processing, the soil 
along with natural gas enters tangentially along the furnace barrel. For wet soil processing, 
an atomizer is used with compressed air to spray the soil directly into the furnace. The soil 
is melted to destroy organics in the gas phase or in the molten slag layer, which is retained 
on the barrel wall by c e n e g a l  action. The soil melts and deposits into a water-filled slag 
tank where it solidifies. A baghouse collects small amounts of soil and fly ash that remains 
in the flue gas, and controls particulates. Therefore, a heat exchanger is needed to lower gas 
temperatures to approximately 200°F. - 

The wastes may be in the form of solids, a soil slurry, or liquids. The ash or solid matrix must 
be able to flow within the cyclone at temperatures of 2400 to 3000°F. 

Status: Demonstration. The technology was accepted into the Environmental Protection 
Agency’s Superfund Innovation Technology Evaluation (SlTE) demonstration program in 199 1 
at Babcock & Wilcox Co., the developers of the furnace. The EPA supplied a wet, synthetic 
soil matrix (SSM) spiked with heavy metals (lead, cadmium, and chromium), organics 
(anthracene and dimethylphthalate), and simulated radionuclides (bismuth, strontium, and 
zirconium). The demonstration processed approximately 3 tons of SSM at a feed rate of 170 
lb/hr. 

E_8icacy: The vitrified slag toxicity characteristic leaching procedure (TCLP) leachabilities 
passed the EPATCLP limits at 0.29 mg/L, 0.12 mg/L, and 0.30 mg/L for lead, cadmium, and 
chromium, respectively. Almost 95 percent of the noncombustible SSM was incorporated into 
the slag where greater than 75 percent of bismuth, 88 percent of strontium, and 97 percent 
of zirconium was captured. Volume reduced 28 percent on a dry weight basis and destruction 
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and removal efficiencies were 99.997 percent for anthracene and 99.998 percent for 
dimethylphthalate. 

Waste: The fly ash collected in the baghouse can be recycled into the furnace to increase 
metal capture and to minimize the volume of the potentially hazardous waste stream. Stack 
particulates were well below the Resource Conservation Recovery Act of 0.08 grains per dry 
standard cubic feet reading 0.001 grains per dry standard cubic feet at 7% oxygen. Carbon 
monoxide and total hydrocarbons in the flue gas were 6.0 ppm and 8.3 ppm, respectively. 

Science/Technology Needs: Commercially available. 

Implementation Needs: The energy requirements for vitrification are 15,000 Btu/lb of soil 
treated for the pilot-scale model. A full-scale unit will have proportional lower energy 
requirements due to the model's large surface-to-volume ratio for a relatively small unit. The 
cyclone furnace can burn fuels with gas, oil, or coal. Heat input could also be generated from 
the waste. 

Costs: The costs to remediate 20,000 tons of contaminated soil using a 3.3-ton/hr unit is 
estimated to be $465 per ton if on-line for 80% of the time and $529 per ton if on-line for 
60% of the time. 

Author: Todd P. DiNoia, R. L. Fellows/6 15-576-5632 

References: 

1. U.S. Environmental Protection Agency, SITE Program, Technology Proms, Sixth 
Edition, EPA/54O/R-93/526, Office of Research and Development, Washington, D.C., 
20460, November, 1993. 

2. Further Documentation: Technology Evaluation Vol. I (EPA/540/R-92/0 17A), 
Technology Evaluation Vol. I1 (EPA/540/R-92/0 17B), Application Analysis Report 
(EPA/540/AR-92/017), Technology Demonstration Summary (EPA/540/SR-92/0 17), 
Demonstration Bulletin (EPA/540/MR-92/0 17). 
Further Information: EPAProject Manager, Laurel Staley, U.S. EPA, Risk Reduction 
Engineering Laboratory, 26 West Martin Luther King Drive, Cincinnati, OH, 45268, 
Tel: 5 13-569-7863, Fax: 5 13-569-762O%Technology Developer Contact, Lawrence 
King, 1562 Beeson Street, Alliance, OH, 44601, Tel: 216-829-7576. 

3. 
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BIOLOGICAL AQUEOUS TREATMENT SYSTEM REMA-604-OZ 

EM Problem: Remedial action 

Site Problem: Groundwater contaminated with organics 

Problem Area/Constituents: Groundwater, surface water, and process water containing 
chlorinated hydrocarbons, solvents, pentachlorophenol (PCP) , creosote components, 
phenolics, gasoline and fuel oil components 

Reference Requirements: Refer to "Regulatory Compliance," Volume 1, for potentially 
applicable proposed and promulgated environmental laws, signed and pending agreements 
for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Destruction 

Technology: Biological Aqueous Treatment System (BATS]. The BATS uses naturally 
occurring microbes and/or specially developed microorganisms to treat groundwater and 
process water. The technique is h o w n  as microbial amendment, in which the amendment 
microbes remove the target contaminant and the background organic carbon. The 
microorganisms are immobilized in a multiple-cell, submerged, fixed-film bioreactor in which 
the contaminants are biodegraded. Each cell is filled with a highly porous packing material 
to which the microbes adhere. The system may be run under aerobic or anaerobic conditions. 

Status: Demonstration. The BATS, designed by Biotrol, Inc., was demonstrated with the EPA 
Superfund Innovation Technology Evaluation (SITE) program 1989 at the MacGillis and 
Gibbs Superfund site in New Brighton, Minnesota, on wood preservatives in groundwater. 

Emq: During the SITE demonstration, the system reduced pentrachlorophenol (PCP) 
concentrations from approximately 45 ppm to 1 ppm or less in a single pass and reached 
96-99% removal of PCP. It ran at three different flow rates of 1,3, and 5 gpm, which resulted 
in PCP concentrations of 42.0,34.5, and 27.5 ppm for the groundwater, 6.9, 19.0, and 24.2 
ppm for the influent, and 0.13, 0.34, and 0.99 ppm for the effluent, respectively. Removal 
efficiencies were 99.8, 98.5, and 96.4% from the groundwater and 98.1, 98.2, and 95.9% 
from the influent for the 1-, 3-, and 5-gpm flow rates, respectively. The difference in 
concentrations between the groundwater and influent is primarily the result of backmixing 
occurring under the underflow weirs separating chambers. As the flow increases, backmixing 
decreases. The process eliminated biotoxicity in the groundwater and was unaffected by low 
concentrations of oil and grease (50 ppm reduced to less than 10 ppm) and heavy metals. The 
system was not effected by total suspended solids concentrations of 54 ppm for 1 gpm, 26 
ppm for 3 gpm, and 18 ppm for 5 gpm. 
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Waste: The water contaminants are degraded to biological end products, mostly carbon 
dioxide and water. Biomonitoring was used and demonstrated that acute toxicity in the raw 
groundwater was removed. During the SITE demonstration, no air emissions of 
pentrachlorophenol were detected, and the system produced minimal sludge and mineralized 
chlorinated phenolics. 

In Use: BioTrol Inc. performed a successful pilot-scale run for 9 months of BATS at a wood 
preserving facility during 1986-1987. Since then, BioTrol Inc. has installed over 20 full-scale 
units that have successfully treated gasoline, mineral spirit solvent, phenol, and creosote- 
contaminated waters. 

Science/Technology Needs: N/A 

Implementation Needs: 
Costs: Operational costs for the system were estimated at $3.45 per 1000 gal for a 5-gpm 
unit and $2.43 per 1000 gal for a 30-gpm unit. Capital costs for the BATS system, not 
including installation or pre- and post- treatment, were estimated at $30,000 for a 5-gpm 
unit and $80,000 for a 30-gpm unit. All costs were estimated by BioTrol, Inc.. 

Author: Todd P. DiNoia, R. L. FelIows/615-576-5632 

References: 

1. 

2. 

3. 

4. 

U.S. Environmental Protection Agency, SITE Program, Techobgy Evaluation Report - 
SioZogical Treatment of Wood Preserving Site Gromdwater, EPA/540/5-9 1 /00 1, Risk 

Reduction Engineering Laboratory, Of€ice of Research and Development, Cincinnati, 
OH, 45268, October, 1991. 
U.S. Environmental Protection Agency, SITE Program,-TechoZogy Proms - Sixth 
Edition, EPA/540/R-93/526, Office of Research and Development, Washington, D.C., 
20460, November, 1993. 
Further Documentation: Applications Analysis Report (EPA/54O/A5-9 1 /00 1). 
Technology Demonstration Summary (EPA/54O/S5-9 1 /00 l), Demonstration Bulletin 

Further Information: EPA Project Manager, Mary Stinson, U.S. EPA, Reduction 
Engineering Laboratory, 2890 Woodbridge Avenue, Edison, NJ ,  08837, Tel: 908-32 1- 
6683, Fax: 908-321-6640. Technology Developer Contact: Dennis Chilcote, 10300 
Valley View Road, Eden Prairie, MN, 55344-3456, Tel: 612-942-8032, Fax: 612-942- 
8526. 

(EPA/!XO/M5-91/001). 
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EM Problem: Remedial action 

Site Problem: Buried Waste 

Problem Area/Constituents: 
metals, low-level nuclear wastes, electroplating sludges 

Soil/sediments, buried wastes contaminated with heavy 

Reference Requirements: Refer to uRegulatory Compliance,” Volume 1, for potentially 
applicable proposed and promulgated environmental laws, signed and pending agreements 
for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Fixation 

Technology: Pozzolanic Stabilization. In this process, pozzolanic materials react with 
polyvalent metal ions and other waste components to produce a chemically and physically 
stable solid material. The entire pozzolanic matrix, when physically cured, decreases toxic 
mobility by reducing the incursion of leaching liquids into and out of the stabilized matrices. 
Process accelerators and precipitators may be soluble silicates, carbonates, phosphates, or 
borates. The end product may be solid mass or similar to a clay-like soil depending on waste 
characteristics and the desired properties in the end product. The total volume increase is 
20-50% of the raw waste. 

The process works by first blending waste with pozzolanic materials containing calcium 
hydroxide. The reagents react with one another and toxic me@ ions to form ionic metal 
complexes. Water soluble silicate then reacts with the waste and the pozzolanic binder 
system where colloidal silicate gel strengthens assisting in the fixation of polyvalent metal 
cations. A large percentage of the heavy metals become a part of the calcium silicate and 
aluminate colloidal structures formed. Some of the metals adsorb to the surface of the 
pozzolanic structures. The h a l  product is discharged as a pasty mixture that is stored for 
a curing period. The system can be modified to treat 10-100 percent solids, and when 
combined with special binders and additives, it can treat low-level toxic wastes. 

Status: Demonstration. The technology, designed by Chemfix Technologies, Inc., was 
accepted into the EPA Superfund Innovation Technology Evaluation (SITE) demonstration 
program in 1988 at the Portable Equipment Salvage Co. site in Clackamas, Oregon. Soil to 
be treated contained lead concentrations ranging between 1 1,000 and 140,000 mg/kg of lead 
and copper concentrations of 18,000-33,000 mg/kg of copper. Toxicity characteristic leaching 
procedure (TCLP) extracts from the raw soil showed lead ranging between 390 and 880 mg/L 
and copper ranging between 4 and 12 mg/L. PCB concentrations in the soil ranged from 100 
to 1940 mg/kg. Soil was processed at 40-75 tons/hr, 4-7 tons from four dSferent sample 
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waste areas. The Chemfix process is based on a proprietary family of polysilicates (CHEMSET 
C-220) and dry calcium containing reagents (CHEMSET 1-20). 

E @ q :  The demonstration results showed that the concentrations of copper and lead in 
the TCLP extracts from the treated wastes were 9699% less than those from untreated 
wastes. From all tested samples, 65% met the standard of 0.51 mg/L lead in the TCLP 
extracts and 75% met the standard of 5.0 mg/L lead in the TCLP extract. The total lead 
concentrations in the untreated waste were approximately 14%. Reduction of PCB mobility 
could not be determined since the PCBs did not leach from the raw waste with the extraction 
procedure used. The treated waste showed little or no weight lost when exposed to 12 cycles 
of wetting and drymg or freezing and thawing. The unconfined compressive strength of the 
pozzolanic product varied between 27 and 307 psi after 28 days and hydraulic conductivity 
ranged between 1 x lo6 cm/s and 6.4 x lo7 cm/s. 

The technology has certain limitations and requires a defined set of waste characteristics. It 
is generally not applied to wastes that have a water content greater than 95% or less than 
25%. oil and grease concentrations greater than 15%, waste feed material greater than 1 in. 
in diameter, and a pH less than 2 or greater than 12. Therefore, pretreatment is necessary 
for all wastes that fall into these ranges. 

Waste: Waste streams, such as large particles screened during the process and water used 
to decontaminate personnel and equipment, must also be treated and disposed of. Air 
monitoring data showed no significant volatilization of PCBs during the treatment process. 

The process was also used on electroplating waste, spiked with metals by Chemfix, for a 
small business innovation project. Concentrations of cadmium, chromium, copper, zinc, and 
nickel were reduced 98% and concentrations of lead were reduced 94%. However, the mobility 
of arsenic, barium, selenium, silver, and vanadium were not diminished and the mobility of 
antimony and mercury increased. Certain unspecified additives may help in the stabilization 
of certain leachable metals. 

Science/Technology Needs: More stringent leaching or extraction tests are needed to 
determine the effectiveness of this process on PCBs. If the system is to be used to treat waste 
with significant levels ofVOCs, further emissions controls may be needed, such as a negative 
pressure air system, to prevent releases. Technologies are also needed to treat the screened 
large particles and the decontamination water produced. A system of crushing the large 
particles to make them suitable for Chemfk treatment is one option. Soil washing and/or 
extraction procedures are other technologies that may be integrated. 

Implementation Needs: 

Costs: The equipment can only be rented from Chemfix at a cost of $5000 per week. With 
an estimated process rate of 160 tons per day, over a 7 day period, the rental/lease cost is 
approximately $5 per ton of raw waste. Total fixed costs are estimated at $1 10,500, giving 
a total fixed cost per ton of waste of $3. This estimate includes site preparation, permitting 
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and regulatory, Equipment installation and startup, trailer transportation to site, 
mobilization/demobilization, and effluent treatment and decontamination. Total variable 
costs per ton are estimated at $70, which included capital equipment rent/lease, labor, 
Chemfix reagents, utility and miscellaneous, and analytical. Therefore, total treatment cost 
per ton of raw waste is approximately $73. 

Author: Todd P. DiNoia, R. L. Fellows /615-576-5632 
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COMBINED EVAPORATION AND CATALYTIC OXIDATION 
(PO*W*ER TECHNOLOGY) REMA-606-OZ 

EM Problem: Remedial action 

Site Problem: Groundwater contamination 

Problem Area/Constituents: Groundwater, surface water, and wastewater contaminated 
with volatile and semivolatile organic compounds (VOCs and SVOCs) , ammonia, and cyanide 

Reference Requirements: Refer to “Regulatory Compliance,” Volume 1, for potentially 
applicable proposed and promulgated environmental laws, signed and pending agreements 
for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Destruction 

Technology: Combined Evaporation and Catalytic Oxidation, PO*WW*ER Process. This 
technology uses a combined evaporation and catalytic oxidation technique to reduce the 
volume of an aqueous waste and to catalytically oxidize volatile contaminants. First, 
contaminated water is fed into an evaporator to reduce the influent wastewater volume. 
Contaminants are vaporized and then separated to concentrate the contaminants into a small 
volume for further treatment. The vapors are then passed over a catalyst and are oxidized and 
destroyed. Effluent vapors are treated in a scrubber to remove acid gases, depending on the 
composition of the wastewater. The exiting vapors are condensed to produce water that may 
be used in a boiler or cooling tower or discharged to surface water, if appropriate. The 
hazardous wastewater is thus separated into a small stream contaminated with metals and 
inorganics (nonvolatiles), brine, and a large clean water stream, the product condensate. 

Status: In Use. Within the last couple of years, a full-scale PO*WW*ER process system was 
integrated as part of a waste management facility in Hong Kong. 

The technology, developed by Chemical Waste Management, Inc. (CWM), was accepted into 
the EPA SITE demonstration program in 199 1. The demonstration test took place at the CWM 
Lake Charles Treatment Center (LCTC) site in Lake Charles, Louisiana. During the SITE 
demonstration, the system treated landfill leachate contaminated with VOCs, SVOCs, 
ammonia, metal, and cyanide. 

Efficacy: The feed waste contained average concentrations of critical VOCs between 350 and 
110,000 pg/L, critical SVOCs between 6,000 and 23,000 pg/L, ammonia between 140 and 
160 mg/L, and cyanide between 24 and 33 mg/L. After treatment, no concentrations of 
VOCs, SVOCs, ammonia, or cyanide were detected in the product condensate. The feed was 
also acutely toxic with median lethal concentrations below 100/0. The product condensate, 
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clean water stream, was nontoxic and had median lethal concentrations greater than 100% 
after the adjustment of pH, dissolved oxygen levels, and hardness and/or salinity. 

Waste: Waste includes a small brine stream, consisting of nonvolatile metals and inorganics, 
and noncondensable gas vent emissions. The concentration ratio, the ratio of total solids (TS) 
in brine over the TS in feed waste was 32. Total solid concentration in the brine ranged 
between 50 and 56%. The gas emissions had average carbon monoxide emissions rates 
between .0011 and .00392 lbs per hour. Average sulfur dioxide emission rates less than 
.00055 lbs per hour, and average nitrogen oxide emission rates between .0346 and .0503 lbs 
per hour. These gas rates met the proposed regulatory requirements for the LCTC site. 

Science/Technology Needs: N/A 

Implementation Needs: A 50-gpm PO*WW*ER system occupies 4,000 square feet of land 
and needs approximately 50 feet of allowable height. Utilities for a 50-gpm and a 25-gpm 
system include electricity, 445 and 275 kilowatt hours per hour, and natural gas, 22,000 and 
11.000 standard ft3 per hour, respectively. The system is useful for treating process 
wastewaters that produce recyclable brine. However, if the brine is not recyclable, a method 
for off-site treatment and disposal is needed. 

Costs: Capital costs for a 50-gpm PO*WWER system are estimated at approximately $4 
million on a turnkey basis. Similarly, a 25-gpm unit is estimated at $3.0 million. This 
includes treatability study costs; design costs: the system’s components costs; all 
interconnecting piping, controls, and monitoring equipment; and all assembly and 
installation costs. Annual operating and maintenance costs were estimated at $3.3 million 
for labor, consumables, utilities, analfical services, and waste disposal costs for the 
Superfbnd site. Waste disposal is approximately 70% of the annual cost. Total treatment cost 
was estimated for a 15-year project to be $100 per 1.000 gal of aqueous waste treated and 
for a 30-year project to be $73 per 1,000 gal of aqueous waste treated. 

Author: Todd P. DiNoia, R. L. Fellows/615-576-5632 
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4. Further Information: EPA Project Manager: Randy Parker, US. EPA, Risk Reduction 
Engineering Laboratory, 26 West Martin Luther King Drive, Cincinnati, OH 45268, 
Tel.: 513-569-7271, Fax: 513-569-7620. Technology Developer Contact: Annamarie 
Connolly, 1501 E. Woodfield Road, Suite 200 West, Schaumberg, IL 601 73, Tel.: 708- 
706-6900, F~x: 708-706-6996. 
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EM Problem: Remedial action 

Site Problem: Particulates in water 

Problem Area/Constituents: Wastewater, groundwater and process water containing heavy 
metals and solids 

Reference Requirements: Refer to “Regulatory Compliance,” Volume 1, for potentially 
applicable proposed and promulgated environmental laws, signed and pending agreements 
for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Physical separation 

Technology: Membrane Microfiltration. The system is designed to remove solid particles 
containing hazardous materials from liquid wastes. It  uses an automatic pressure filter 
combined with a TyveF filter material made of spunbonded olefin, a thin, durable plastic 
fabric with tiny openings. The filter allows liquids and tiny particles to pass through as it 
collects any large solids. The automatic pressure filter is designed with two chambers. There 
is an upper chamber for feeding waste and a lower chamber for filtrate collection. Filtered 
solids collected on the TyveP filter form a filter cake that is then air-dried. The cake is then 
removed and can be collected along with the filtrate for further treatment if needed. This 
technology can be used for hazardous waste suspensions such as liquid he- meta2- 
cyanide bearing wastes, process waters containing uranium, and landfill leachates. It  can 
separate any type of solid including inorganics, organics, and ody wastes. 

Status: Demonstration. The technology was demonstrated at the Palmerton Zinc Superfund 
Site in Palmerton, Pennsylvania. The automatic pressure filter was developed by Oberlin 
Filter Company and the TyvekR filter material was developed by E.I. DuPont De Numours & 
Company. I t  treated 6,000 gal of groundwater from a shallow aquifer contaminated with 
dissolved heavy metals at a feed rate of 1-2 gpm. Lime was added to adjust the pH and to 
precipitate some dissolved metals. Zinc was the major contaminant. A filter aid/cake 
stabilizing agent was also added. 

Efficacy: The filtration system achieved removal efficiencies for zinc and total suspended 
solids (TSS) between 99.75 and 99.99%. Zinc concentrations were reduced from 400-500 
mg/L to 0.1 mg/L and TSS from 6,560-18,900 mg/L to 8.4 and 31.5 mg/L. The filter cake 
averaged 30.5-47.1Yo solids. The technology is best for treating wastes with only solid 
concentrations less than 5,000 ppm, otherwise the cake capacity and handling become 
factors. 
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Waste: The dry filter cake produced passed the Resource Conservation Recovery Act (RCRA) 
paint filter liquids test. A composite filter cake sample also passed the extraction procedure 
toxicity (EP) and toxicity characteristic leaching procedure (TCLP) tests for metals. The filtrate 
produced met the National Pollutant Discharge Elimination System (NPDES) limits 
established for discharge for metals and TSS at a 95% confidence level. The pH level of the 
filtrate needed to be adjusted from 11.5 to the discharge limit of 9. The cake can be disposed 
of in a nonhazardous waste landfill and the filtrate can be disposed of in a local waterway. 

In Use. Two units were constructed in 1991. 

Science/Technology Needs: No set filter aid/cake stabilizing agent is designed for the 
system. The filter aid/cake stabilizing agent plays a n  important role in the performance of 
the system and should be chosen after thorough investigation of the waste characteristics 
and the kinds of stabilizing agents available. The agent has impacts on pH levels and can 
clog pumps and lines. 

Implementation Needs: Thorough investigation of the waste and the selection of a filter 
aid/cake stabilizing agent is necessary. The waste characteristics need to be investigated 
thoroughly before treatment. It is important to measure the inorganic ligand concentration 
and properly design the pretreatment operation to properly precipitate metals. Metals may 
need to be oxidized or reduced prior to precipitation. 

Costs: The following costs are based on the use of a 36 Et2 unit that will treat approximately 
8 x lo6 gal per year. Capital equipment costs are estimated at $231,800. Total one-time costs 
are estimated at $1,251,200, which includes site preparation, permitting and regulatory, 
capital equipment, startup, fixed, and demobilization costs. Total annual operation and 
maintenance costs are estimated at $549,100, which includes labor, supply and consumable, 
utility, monitoring, residual and waste shipping, handling, and @ansporting, analytical, and 
equipment repair and replacement costs. 

Author: Todd P. DiNoia, R. L Fellows/ 615-576-5632 
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4. Further Information: EPA Project Manager: John Martin, U.S. EPA, Risk Reduction 
Engineering Laboratory, 26 West Martin Luther King Drive, Cincinnati, OH, 45268, 
Tel.: 5 13-569-7758, Fax: 5 13-569-7620. Technology Developer Contact: Ernest 
Mayer, P.O. Box 6090, Newark, DE 19714-6090, Tel.: 302-366-3652, Fax: 302-366- 
3220. 
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EM Problem: Remedial action 

Site Problem: 

Problem Area/Constituents: Wastewaters, aqueous and oily waste streams contaminated 
with polychlorinated biphenyls (PCBs) , polynuclear aromatic hydrocarbons (PAHs) , 
chlorinated dioxins and dibenzohans, chlorinated solvents, chlorobenzenes, chlorophenols. 

Reference Requirements: Refer to “Regulatory Compliance,” Volume 1, for potentially 
applicable proposed and promulgated environmental laws, signed and pending agreements 
for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Destruction 

Technology: Gas-phase chemical reduction. The process uses gas phase reduction of 
organic and chlorinated organic compounds with hydrogen at elevated temperatures to 
convert aqueous and oily hazardous contaminants into a hydrocarbon rich gas product. The 
reduction takes place in a reactor as nozzles inject in a mixture of atomized waste, steam, 
and hydrogen. The temperature is raised to approximately 850” Celsius as the mixture swirls 
down through a central ceramic tube, over electrical glo-bar heaters. The reduction takes 
place as gases enter the tube and then flow toward a scrubber where hydrogen chloride, heat, 
water, and particulate matter is removed. primary components of the scrubber’s gas product 
are hydrogen, nitrogen, methane, carbon monoxide, water vapor, and other light 
hydrocarbons. When processing low organic content waste, 95% of the hydrogen-rich gas is 
recirculated through the reactor, the remaining 5% can be used as a supplementary fuel to 
produce steam. Processing high organic content waste produces excess gas that may be 
compressed and stored for later analysis and disposal. 

Status: Demonstration. The technology was demonstration at the Middleground Landfill in 
Bay City, Michigan, under a Toxic Substances Control Act WCA) research and development 
permit. The waste feeds used were (1) a wastewater with an average PCB concentration of 
4,600 ppm and (2) a waste oiZy containing an average of 24.5% PCBs. 

Efficacy: During the test, 99.9999% destruction and removal efficiencies were achieved for 
PCBs and a 99.99% destruction efficiency was achieved for tetrachloroethene, a tracer 
compound. There was also net destruction of trace feedstock dioxin and furan compounds. 

Waste: hydrogen, nitrogen, methane, carbon monoxide, water vapor, and other light 
hydrocarbons. 

Science/Technology Needs: Commercially available 
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Implementation Needs: NA 

Costs: Not Available 

Author: Todd P. DiNoia, R. L. Fellows/615-576-5632 
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EM Problem: Remedial action 

Site Problem: Soil/sediment contaminated with heavy metals and organics 

Problem Area/Constituents: Soil/sediment contaminated with heavy metals and organics 

Reference Requirements: Refer to “Regulatory Compliance,” Volume 1. for potentially 
applicable proposed and promulgated environmental laws, signed and pending agreements 
for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Fixation 

Technology: Dechlorination and immobilization. This technology immobilizes heavy metals 
by mjxing hazardous wastes with cement (or fly ash), water and “Chloranan,” a patented 
reagent. The treatment reagents dechlorinate certain chlorinated organics. Chloranan is 
added to water in a blending unit that then mixes in waste. Cement or fly ash is next added 
and after approximately 12 hours, the material hardens into a concrete-like mass. 

Status: Demonstration. The technology was accepted into the EPA SITE demonstration 
program in 1987 at a former oil processing plant in Douglasville, Pennsylvania. Soil to be 
treated contained high levels of oil and grease, 25,000 ppm, and heavy metals, 22,000 ppm. 
Low levels of VOCs, 100 ppm, and PCBs, 75 ppm, were also present. The technology has also 
been used to remediate a Califoxnia Superfund site with zinc levels as high as 220,000 ppm. 

Since 1987, the technology has been enhanced with the addition of 17 reagent formulations 
to dechlorinate PCBs, ethylene dichloride, trichloroethene, and pentachlorophenol. 

Efficacy: The toxicity characteristic leaching procedure (TCLP) results of the stabilized wastes 
were very low with concentrations of metals, VOCs, and SVOCs below 1 ppm. Lead leachate 
concentrations decreased by a factor of 200 to below 100 ppb while VOC and SVOC 
concentrations in the TCLP leachate were not affected by treatment. Oil and grease 
concentrations increased in the TCLP leachate from below 2 ppm before treatment to 4 ppm 
after treatment. 

Waste: The treated waste, a cement-like mass, recorded unconfined compressive strength 
(UCS) between 220 and 1,570 psi, and low permeabilities (1.x lo9 cm/sec). Durability tests 
showed no changes after many freeze and thaw cycles. The waste volume increased 120%; 
however, new refinements now limit the volume increase to 1525%. 

Science/Technology Needs: Commercially available. 
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Implementation Needs: NA 

Costs: Not available 

Author: Todd P. DiNoia, R. L. Fellows/615-576-5632 
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20460, November 1993 

2. Further Documentation: Technology Evaluation Report (EPA/540/5-89/001a), 
Applications Analysis Report (EPA/540/A5-89/00 1) 

3. Further Information: EPAProject Manager, Paul dePercin, U.S. EPA, Risk Reduction 
Engineering Laboratory, 26 West Martin Luther King Drive, Cincinnati, OH, 45268, 
Tel.: 513-569-7797, Fax: 513-569-7620. Technology Developer Contact: Ray 
Funderburk, Route 1 Box 250, Oakwood, TX 75855, Tel.: 903-545-2004, Fax: 903- 
545-2002 
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EM Problem: Remedial action 

Site Problem: Organics in soil 

Problem Area/Constituents: Soil/sediment contaminated with metals, organics, cyanides, 
corrosives, inorganics, PCBs, phenols, and volatiles. 

Reference Requirements: Refer to “Regulatory Compliance,” Volume 1, for potentially 
applicable proposed and promulgated environmental laws, signed and pending agreements 
for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Destruction 

Technology: Circular Bed Combustor (CBC). This technology uses high velocity air to 
circulate solids and create a highly turbulent combustion zone to destroy toxic hydrocarbons. 
The high turbulence produces a uniform temperature around the combustion chamber and 
hot cyclone, completely mixing waste materials. It operates at low temperatures, 1450-1600” 
Fahrenheit, to reduce emissions and operating costs. An auxiliary fuel such as natural gas, 
fuel oil, or diesel, is needed unless the waste stream has a net heating value greater than 
2900 Btu/lb. Limestone is also fed in with waste to neutralize acid gases. Ash produced is 
removed by a conveyor belt and hot gases produced are cooled and passed through a bag 
house before being discharged to the atmosphere. The CBC can treat contaminated liquids, 
slurries, solids, and sludges. 

Status: Demonstration. The CBC technology was demonstrated& 1989 to treat wastes from 
the McColl Superfund Site in California. 

Efficacy: Destruction removal efficiencies were 99.99% for principal organic hazardous 
constituents. 

Waste: Emissions met the Research Facility permit conditions and California South Coast 
Basin emission standards. Residual materials, such as fly ash and bed ash, were 
nonhazardous and there were no significant levels of hazardous organic compounds detected 
in the ash or exiting gases. 

Science/Technology Needs: Unknown 

Implementation Needs: Not Available 

Costs: Not available 
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Author: Todd P. DiNoia, R. L. Fellows/615-576-5632 
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EM Problem: Remedial action 

Site Problem: Organics in soils 

Problem Area/Constituents: Soils and sediment contaminated with organics 

Reference Requirements: Refer to "Regulatory Compliance," Volume 1, for potentially 
applicable proposed and promulgated environmental laws, signed and pending agreements 
for the Oak Ridge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Treatment 

Alternative: Destruction 

Technology: Infrared Thermal Destruction. The technology uses electrically powered silicon 
carbide rods to heat organic wastes to combustion temperatures. The system is made up of 
four main components: an electrically powered infrared primary chamber, a gas-fired 
secondary combustion chamber, an emissions control system, and a control center. The 
system can treat soils or sediments with organic contaminants. Waste is fed into the primary 
chambers where it is heated to approximately 1850" Fahrenheit. Air is delivered by a blower 
to control oxidation rates. Ash is produced, quenched with a scrubber water emuent, then 
conveyed to an ash hopper to be removed and stored for analysis. Volatile gases produced are 
fed into a secondary chamber that uses higher temperatures, residence times, turbulence, 
and supplementary energy for destruction. Gases exiting this chamber are sent through an 
emissions control system, which removes particulates using a venturi scrubber and 
neutralizes acid vapors in a packed tower scrubber. Clean gases are then blown into a n  
exhaust stack, scrubber liquid effluents go into a clarifier, and scrubber sludges settle out 
for disposal. Liquid is sent through an activated carbon filter before discharge. 

Status: Demonstration. The EPA SITE program evaluated the technology, developed by 
Shirco Infrared Systems, Inc. , twice. First, a full-scale unit that treated 7,000 cubic yards 
of waste oil sludge contaminated with PCBs and lead was treated at the Peak Oil Site in 
Brandon, Florida, . Second, a pilot-scale demonstration that treated soil contaminated with 
organics, PCBs, and metals was conducted at the Rose Township Demode Road Superfund 
Site in Michigan, . 

At the Peak Oil Superfund Site, total sludge concentrations were 3.48-5.85 after mixing 
originaZ oiZy wasting having 100 ppm of PCBs with clean soil, lime, and sand. Also present 
were several metals, such as aluminum, iron, lead, and zinc exceeding 1000 ppm, and several 
VOCs and SVOCs. PCBs in the furnace ash ranged between 0.007 and 0.900 ppm. EP Tox 
results for lead in the leachate ranged from 24 to 57 ppm for the feed and from 25 to 46 ppm 
for the furnace ash. The TCLP results ranged from 2.5 to 35 ppm for the feed and 0.008 to 
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0.84 ppm for the ash. The differences in these tests are a result of different procedures and 
alkalinity of the matrix. 

At the Rose Township Demode Road Superfund Site, waste contained 626 ppm of PCBs, 560 
ppm of lead, 55 ppb of tetrachlorodibenzo-p-dioxin VCDD), and 4.2 ppb of tetrachloro- 
dibenzofuran (TCDF). In addition to lead, which ranged between 290 and 3,000 ppm, there 
were several other heavy metals present with concentrations greater than 50 ppm. VOCs and 
SVOCs were present in some samples. Heavy metals remained in concentrations greater than 
50 ppm in the furnace ash and PCBs ranged from 0.004 to 3.396 ppm in the furnace ash. 
Some TCDF remained in the ash only from low temperature (90' Fahrenheit) test runs. 

Efficacy: Results from the two SITE demonstrations showed reductions in PCBs to less than 
1 ppm in the ash, with a destruction removal efficiency (DRE) for air emissions of 99.99%. 

Waste: Only in the pilot-scale demonstration at Rose Township Demode Road Superfund Site 
was the Resource Conservation and Recovery Act (RCRA) standard of 180 mg per dry 
standard cubic meter achieved for particulate emissions. At this site, total metals analyses 
of the feed, furnace ash, PCC off gas and stack-gas particulates, scrubber makeup water, 
scrubber water, and scrubber solids showed that most of the detectable metals that entered 
with the feed, including lead, remained in the furnace ash. Acid gas removals, for HC1 
emissions, achieved 99% and showed to meet the RCRA pe@onnance standad of 1.8 
k g b .  

In the other demonstrations, the technology can meet both RCRA and TSCA DRE 
requirements for air and particulate emissions, based on some optimal conditions. Optimal 
waste characteristics that are recommended for treatment include particle sizes between 5 
microns and 2 in., moisture content up to 50% by weight, 30-130 lbs/ft3 of density, a heating 
value of 10,000 Btu/lb, chlorine and sulfur contents each below 5% by weight, phosphorus 
below 300 ppm, alkali metals below 1% by weight, and a pH between 5 and 9. n o m  
demonstrations, chlorine levels are an important factor to be maintained. 

This technology has also been used to remediate PCB contamination at the Florida Steel 
Corporation Superfund Site and at the LaSalle Electric Superfund Site. At LaSalle, the unit 
used at the Peak Oil Site was newly modified and shown to run more efficiently. Shirco 
Infrared Systems, Inc., has produced a mobile unit of the system. 

Science/Technology Needs: Not known 

Implementation Needs: 
conditions, must be performed before the use of this technology. 

An evaluation of the waste characteristics, to meet optimal 

Technology Integration: Gas-fired combustion and emissions scrubbing are other 
technologies needed for infrared thermal destruction. 

Costs: Overall waste remediation costs are estimated to be $800 per ton. 
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Author: Todd P. DiNoia, R. L. FeIlows/615-576-5632 

References: 

1. U.S. Environmental Protection Agency, SITE Program, AppZications Analysis Report - 
Shirco Inlfiaed Incineration System, EPA/540/A5-89/0 10, Office of Research and 
Development, Washington, D.C., 20460, June 1989. 
US. Environmental Protection Agency, SITE Program, Technobgy Proms, Sixth 
Edition, EPA/540/R-93/526, Office of Research and Development, Washington, D.C., 
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Further Documentation: Technology Evaluation Reports (EPA/540/5-88/002a) and 
(EPA/540/5-89/007a), Applications Analysis Reports (EPA/540/A5-89/0 10) and 

Further Information: EPAProject Manager: Laurel Staley, U.S. EPA, Risk Reduction 
Engineering Laboratory, 26 West Martin Luther King Drive, Cincinnati, OH, 45268, 
Tel.: 5 13-569-7863, Fax: 513-569-7620. Technology Developer Contact: Gruppo 
Italimpresse, Rome, 01 1-39-06-880200 1, Padova, 01 1-39-049-773490. 
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EM Problem: Remedial action 

Site Problem: Inorganics, organics in groundwater within low permeability geologic media 

Problem Area/Constituents: Mobile contaminants in soil/sediment and groundwater 

Reference Requirements: Refer to “Regulatory Compliance, * Volume 1, for potentially 
applicable proposed and promulgated environmental laws, signed and pending agreements 
for the Oak Rdge Reservation, radiation protection standards, DOE orders, and 
nonregulatory guidance. As site- and waste-specific characteristics are provided for each 
technology, specific regulatory requirements will be specified. 

Subelement: Retrieval 

Alternative: Physical/chemical separation enhancement 

Technology: Hydraulic Fracturing Technology. This technology is a physical process that 
creates sand-filled fractures in low permeability media to enhance fluid and vapor flow. I t  was 
designed to enhance remediation in low-permeability geological formations performed by 
other treatment processes such as soil vapor extraction (SVE), soil washing, bioventing, in 
situ bioremediation, or pump and treat systems. Through hydraulic pressurization at the 
base of a borehole, fractures are created at discrete depths increasing the effective area for 
remediation. Fractures may be created in both rock and relatively uniform silt clays that have 
low permeability and are overconsolidated. Clays are overconsolidated when the vertical 
stress is less than the horizontal stress. This technology is ineffective in normally 
consolidated clays. Overconsolidated clays allow the fractures to be placed perpendicular to 
the well. F’ractures are usually 1 in. in width and can be as large as 50-60 ft  in diameter. 

Status: In Use. Hydraulic fracturing has been successfully used within the oil industry to 
enhance oil recovery from deep, low permeability rock formations. A company, FRX, has 
recently been formed by the University of Cincinnati for commercial use of hydraulic 
fracturing for remediation. It has been used for contaminants up to depths of 40 f t  below 
ground surface (bgs). The technology was used in Texas, in swelling clays, to allow the free 
product recovery of groundwater contaminants that were unrecoverable without the 
fracturing technology. Currently, a detailed manual of the system is being produced. 

The hydraulic fracturing technology was developed by the University of Cincinnati and the 
EPA Risk Reduction Engineering Laboratory, and has been demonstrated by the EPA SITE 
program at two different sites. First, it was integrated with two-phase SVE in Oak Brook, 
Illinois, at the Xerox Oak Brook Site. This site contained contaminants consisting of 
trichloroethene WE); 1 , 1 , 1 -trichloroethane WA); 1,l -diddoroethane (DCA); perchloroethane 
WE); ethyl benzene; toluene; and xylene in silty clay till to depths of 20 ft bgs. Fractures 
were created to depths of 6, 10, and 15 ft bgs. It increased the vapor flow rate by 
approximately 1 order of magnitude compared with unfractured wells, significantly reducing 
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the number of wells needed for remediation. Vapor discharge was 15-30 times greater and 
the contaminate mass recovery rate was 7-14 times greater than in unfractured wells. 

This technology was also integrated with in situ bioremediation in Dayton, Ohio, at the 
Dayton Site. This site contained benzene, ethyl benzene, toluene, and xylene concentrations 
ranging up to 622, 3,800, 10,400, and 41,900 pg/L, respectively. It also including a total 
petroleum hydrocarbon 0 compounds in concentrations from 324,550 pg/L, and total 
lead concentrations from 2 1-150-pg/L. Fractures were created at depths between 5 and 12 
ft bgs. Fluid flow rates were increased by 25-40 times higher in fractured wells compared 
with unfractured wells. Fluid flow increased moisture content 1.44 times greater around the 
fractured wells, reducing hydrocarbon concentrations around the fractured wells compared 
with no decrease in concentrations around unfiactured wells. 

Science/Technology Needs: Current research is being done at the University of Cincinnati 
to improve the efficiency of implacing fractures and to idenhfy new materials and compounds 
for filling fractures, such as graphite and electrode fillers. Electrically conductive materials 
will possibly enable electroosmosis, electrophoresis, or electromigration of contaminants. 

Implementation Needs: Certain conditions need to be evaluated for site remediation with 
this technology. The soil should be tested to determine if it is overconsolidated. If using SVE, 
the soil should be tested to see if unsaturation permits the flow of vapor through the 
fractured wells. Also, a determination should be made as to whether any sand or soft clay 
lenses produce steeply dipping fractures that vent to the ground surface. 

Costs: Capital cost of hydraulic fracturing equipment is estimated to be $92,000 and cost 
for rental equipment is estimated at $1,000 per day. Total one-time costs, including 
permitting, regulation and demobilization, are estimated at $5,400. Total daily costs, 
including site preparation, capital equipment rental, startup, labor, analytical and 
monitoring, are estimated at $5,700. Estimated cost per fracture is $950-$1,425; however, 
this price is currently being reduced to approximately $600 per fracture. 

Author: Todd P. DiNoia, R. L. Fellows/615-576-5632 

References: 
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4. Further Information: EPA Project Manager: Naomi Barkley, U.S. EPA, Risk 
Reduction Engineering Laboratory, 26 West Martin Luther King Drive, Cincinnati, OH, 
45268, Tel.: 513-569-7854, Fax: 513-569-7620. Technology Developer Contact: 
Lany Murdoch, 1275 Section Road, Cincinnati, OH, 45237-2615, Tel.: 513-556- 
2526 
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