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ABSTRACT 

This document represents a summary of 27 foreign-based environmental restoration and waste 
management technologies that have been screened and technically evaluated for application to 
the cleanup problems of the Department of Energy (DOE) nuclear weapons complex. The 
evaluation of these technologies was initiated in 1992 and completed in 1995 under the DOES 
International Technology Coordination Program of the Office of Technology Development. A 
methodology was developed for conducting a country-by-country survey of several regions of 
the world where specific environmental technology capabilities and market potential were 
investigated. The countries that were selected fiom a rank-ordering process for the survey 
included: then West Germany, the Netherlands, France, Japan, Taiwan, the Czech and Slovak 
Republics, and the Former Soviet Union. The notably innovative foreign technologies included 
in this document were screened initially fiom a list of several hundred, and then evaluated based 
on criteria that examined for level of maturity, suitability to the DOE needs, and for potential 
cost effective application at a DOE site. Each of the selected foreign technologies that were 
evaluated in this effort for DOE application were subsequently matched with site-specific 
environmental problem units across the DOE complex using the Technology Needs Assessment 
CROSSWALK Report. For-ease of tracking these technologies to site problem units, and to 
facilitate their input into the DOE EnviroTRA.DE Information System, they were categorized 
into the following three areas: (1) characterization, monitoring and sensors, (2) waste treatment 
and separations, and (3) waste containment. Technical data profiles regarding these technologies 
include title and description, performance information, development status, key regulatory 
considerations, intellectual property rights, institute and contact personnel, and references. 

http://EnviroTRA.DE
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PREFACE 

The information cited in the descriptions and profiles of the innovative foreign 
environmental technologies contained in this catalogue represents a summary of the 
data available at the time of printing. Therefore, this document represents current work- 
in-progress, and is intended to serve as a means of disseminating early data to the U.S. 
environmental industry and interested stakeholders. There were no independent tests or 
evaluations performed on the foreign technologies identified in this catalogue. This 
version of the International Technology Catalogue was prepared to facilitate early 
collaborations between U.S. businesses and foreign technology developers, and is not 
meant to represent a foreign technology performance or consumer report. 

vii 
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1.0 INTRODUCTION 

The US. Department of Energy’s (DOE’s) Office of Environmental Management (EM) manages the 
remediation of all DOE sites, as well as wastes from current operations. The goal of EM programs is to 
minimize risks to human health, safety and the environment, and to bring all DOE sites into compli- 
ance with federal, state, and local regulations. 

The Office of Technology Development (OTD) was established in November 1989 as an element of 
DOE’s EM program. OTD is responsible for developing environmental restoration (ER) and waste 
management (WM) technologies that are safer, faster, more effective and less expensive than those 
currently available. OTD’s International Technology Exchange Staff (ITES) is responsible for foster- 
ing EM cooperation with foreign governments, industries, and educational institutions. 

Starting in fiscal year (FY) 1992, a portion of EM’s international programs included the import of 
innovative and cost-effective foreign environmental technologies for applications at DOE sites. ITES 
facilitates interactions between U.S. businesses and foreign technology developers so that these tech- 
nologies can be imported to the U.S. through business collaborations with U.S. commercial partners. 
Sandia National Laboratories (SNL), Albuquerque, New Mexico, supports ITES through the coordina- 
tion and integration of various international activities conducted within DOE’s Office of Environmen- 
tal Management. ! 

EM’s international programs were broadened in FY 1994 to include demonstrations of OTD-spon- 
sored technology development at foreign sites as a means of enhancing the knowledge and perfor- 
mance of OTD technologies. An important secondary motivation for these technology demonstrations 
is to increase opportunities for technology export to the world-wide marketplace through commercial 
partnerships, licensing agreements and other arrangements that serve to enhance the competitiveness 
of the U.S. environmental industry. 

1.1 PROGRAM STATUS 

In FY 1992, DOE tasked SNL to initiate a systematic program to identify and conduct preliminary 
evaluations of environmental restoration and waste management technologies from West Germany and 
the former Soviet Union. As a result, 10 technologies were recommended for detailed evaluation and 
were later evaluated under DOE funding with the technical support of the DOE laboratories 1’1. A 
number of these technologies were accordingly transferred from ITES to other EM organizations for 
potential application to the DOE complex problems. The effort was conducted by the International 
Coordination task team assembled by SNL through support and funding by DOEEM-52.1. 

Efforts to identify and evaluate foreign technologies increased during FY 1993 based on the growing 
emphasis on work with the former Soviet Union. As a result, a program dedicated to the evaluation and 
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pilot-scale demonstration of innovative Russian waste separations technologies was initiated. During 
FY 1993 as well, efforts to identify innovative and cost-effective foreign technologies expanded to 
France, the Netherlands, Japan, Taiwan, and the Czech and Slovak Republics I*-*]. Several additional 
technologies were determined to be sufficiently innovative to warrant more detailed evaluations le]. 

Successful elements of the FYs 1992-93 technology import efforts were expanded, integrated, and 
transferred into the DOE’s site clean-up considerations through the FY 1994 program. Foreign tech- 
nologies were linked to specific environmental problem units throughout the DOE complex. Results 
were coordinated with DOE and contractor personnel at sites which could most benefit through the 
import and application of these technologies [91. 

‘ Opportunities for acquisition and/or demonstration of innovative and cost-effective foreign technolo- 
gies continue to be coordinated with EM’S Office of Waste Management (EM-30), Office of Environ- 
mental Restoration (EM-40), and the Office of Technology Development (EM-50). Future activities 
will be established in accordance with DOE’s “New Approach to Environmental Research and Tech- 
nology Development” to support the five focus areas and three crosscutting programs [lo]. In addition, 
efforts will continue to emphasize and promote the enhancement of U.S. competitiveness, world- 
wide [‘l]. 

1.2 SCOPE OF THIS DOCUMENT 

This document features the results of the preliminary evaluations of 27 foreign environmental manage- 
ment technologies which were originally screened from a field of several hundred and that originated 
from several countries, including West Germany, France, the Netherlands, Japan, Taiwan, and the Czech 
and Slovak Republics. The information is presented in a format similar to OTD’s Technology Cata- 
logue [12~131 to help ensure uniform comparison of the attributes of U.S. OTD and foreign technologies. 

To further improve the versatility and efficient utilization of this document, the 27 foreign technologies 
are divided into the following technology classifications: (a) characterization, monitoring and sensors; 
(b) waste treatmentheparation; and (c) containment. In addition, the foreign technologies are linked to 
those DOE field offices which have environmental problem units that can be supported by the tech- 
nologies. 

1.3 METHODOLOGY 

Highlighted below are the fundamental elements of the methodology developed and applied to identify 
and evaluate foreign-based environmental management technologies for potential applications by EM. 
The methodology also included a process for coordinating technology innovations with appropriate 
personnel of the DOE and operations contractors at sites across the complex. A simplified representa- 
tion of this methodology is presented in Figure 1. 

1.3.1 Review of DOE HiPh-Prioritv Environmental Technolow Needs 

Efforts to identify foreign-based environmental management technologies were driven by the needs of 
the DOE complex. During FY 1992, a detailed review of available technology needs information was 
conducted. Information on DOE’s high-priority needs which were used to focus the efforts of this 
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Figure 1. Methodology Applied to Identify Foreign-Based Environmental Management Technologies 
for Potential Application to U.S. DOE Sites. 

program are provided in the FY 1992 Final Report of the System AnalysisEnvironmental Restoration 
in Western Europe task (AL-223305 ) ['I. The central source of needs information applied at that time 
was the DOE Technology Needs Assessment performed by the Grand Junction Projects Office and 
published in January 1993 [I4]. 

1.3.2 Selection of Countries for Investipation 

A country-by-country survey of several regions of the world was performed in order to better focus 
efforts for evaluating foreign environmental restoration (ER) and waste management (WM) technolo- 
gies that can be applied to specific environmental problem units of the DOE complex. Key factors 
used in the country-selection process were the technology capabilities and market potentials of the 
countries investigated. Countries were rank-ordered under the FY 1993 efforts. The results of this 
selection process were applied in several subsequent-year programs. 
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The following countries were selected for identification of ER and WM technologies: the Netherlands, 
France, Japan, Taiwan, the Czech and Slovak Republics, and the former Soviet Union. Although a 
secondary objective, additional emphasis was placed on those countries that offered market opportuni- 
ties for U.S. businesses engaged in providing ER and WM services and product lines on the interna- 
tional marketplace. The results of the selection process are suminarized in the FY 1993 year-end report 
of the DOE International Coordination Task Is]. 

1.3.3 Identification and Screening of Promisin? Environmental TechnoloFies 

Efforts to identify foreign ER and WM technologies which are potentially applicable to the DOE com- 
plex required an initial screening of hundreds of technologies. Key factors in this screening process 
included the maturity of technologies and their applicability to DOE’S high-priority needs. Sources of 
information used ranged from publications to the open literature and direct one-on-one discussions 
with representatives of the international scientific community. Technologies selected for eyaluation 
are described in the FY 1993 year-end report of the International Coordination task Is]. As described 
below, these evaluations were performed by the SNL task team. 

1.3.4 Evaluations of ForeiFn Technologies Based on Developed Criteria 

Foreign technologies were selected for evaluation from a field of several hundred. Selected technolo- 
gies were carefully reviewed and evaluated. The primary evaluation factors included the maturity, 
innovativeness and cost effectiveness of the foreign-based technologies. The results of this evaluation 
process were presented on a profile format consistent with that applied for the DOE OTD Technology 
Catalogue of emerging U.S. ER and WM technologies. This was done to optimize current and future 
efforts to compare the attributes of foreign and OTD technologies. In addition, the technology descrip- 
tions were subsequently formatted to permit convenient and efficient transfer of information to the 
DOE EnviroTRADE@ Information System [I5], an OTD-sponsored environmental information system. 

1.3.5 Matchinp of Foreign TechnoloPies with DOE Environmental Problem Units 

Each of the foreign technologies evaluated were matched with environmental problem units across the 
DOE complex. The primary reference source to perform this matching process was the Technology 
Needs Assessment Crosswalk Report developed by Chem-Nuclear Geotech, Inc. for the DOE Grand 
Junction Projects Office under funding from EM-40 [I4]. 

1.3.6 Identification of Related DOE/OTD Proprams 

Each of the evaluated foreign technologies were also matched with ongoing OTD-funded development 
efforts. This was done to broaden the potential applicability of foreign technologies as a means of 

- enhancing OTD’s development efforts. The primary reference for this effort was also the Technology 
Needs Assessment Crosswalk Report [I4]. 

1.3.7 Preliminary Coordination of Results with DOE EM and Site Personnel 

Efforts to coordinate the results of the FYs 1992-93 program with DOE site personnel were initiated in 
the FY 1994 program. During FY 1994, several site visits were held with DOE and contractor site 
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personnel to discuss the merits and limitations of those foreign technologies that appeared to be most 
promising for eventual import to the DOE complex. Site-coordination visits were held at the Nevada 
Test Site, Savannah River Site, Oak Ridge National Laboratory, and Hanford National Engineering 
Laboratory. The FY 1994 year-end report features the results from the individual site visits and corre- 
lates the potentially applicable foreign technologies with the problem units at the site LgI. 

1.4 POTENTIAL DOE APPLICATIONS 

A top-level analysis was performed to match environmental problem units of the DOE complex with 
the 27 foreign technologies that were evaluated. Potential applications of these technologies were 
identified by correlating the cleanup requirements for specific problem units at DOE sites with the 
technology descriptions. This was done by selecting “keywords” from the Keyword Index of the 
Technology Needs Crosswalk Report [l4] that represent the foreign technology. These keywords were 
then used to electronically search for and identify problem units. 

The results of the foreign technology/problem unit matching process are presented in Table 1. Tech- 
nologies are presented in the following categories: (a) characterization, monitoring and sensor tech- 
nologies; (b) treatment and separation technologies; and (c) containment technologies. This matrix 
represents the correlation between the 27 foreign technologies and the potential applications at sites in 
10 of DOE’S field offices. 

As shown, there are a total of 529 entries in the matrix, corresponding to between four and 72 “matches” 
at any one site within a field office for all 27 technologies within the DOE complex. The largest 
number of potential applications exist for the Chicago and Oak Ridge Operations Offices. Multiple 
entries in the matrix imply that a particular foreign technology may be applicable to more than one 
problem unit at a site and should be evaluated for possible application. 

1.5 TECHNOLOGY PROFILES 

The International Technology Catalogue (this report) features several technologies which were evalu- 
ated for their potential applications across the DOE complex. These foreign-based technologies were 
screened from a field of several hundred and determined to offer innovative, cost-effective and mature 
options to U.S. baseline technologies. By successfully importing and applying these technologies, the 
DOE could reduce the costs and the schedule for remediation of the complex. 

Twenty-seven foreign technologies are featured in this document. These include five characterization, 
monitoring or sensor technologies, eighteen treatment and separation technologies, and four contain- 
ment technologies. To varying degrees of success, each of these technologies has been coordinated 
with DOE and contractor site personnel across the complex. Some of these technologies are undergo- 
ing further evaluation, including demonstrations at DOE sites. 

Each technology is summarized in a profile designed to provide the reader with a concise and compre- 
hensive summary of technical performance and cost data. In addition, the profile format is consistent 
with that applied by the OTD Technology Catalogue [12.131 to help ensure uniformity in comparing the 
attributes of U.S. OTD and foreign technologies. The topical areas listed below are included for each 
technology profile. These topical areas were arrived at after a comparison of similar non-DOE 
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Table 1. Potential Applications of Foreign Technologies to Environmental Problem Units in DOE Operations 

Foreign Technology Albuouerque (AL) Chicago (CH) FN ID NV Oak Ridge RF 
LANL SNL Other ANL BNL BCL FEMP INEL NTS ORNL K-25/ Other RFO 

Y-12 

RL SF SR 
RLO LLNL ETEC SRO 

Characterization, Monitoring and Sensor Technologies 

1 

I I  1, SENSOR@ Leak 
Detection 1 

2 

1 

Technology I I 
2. Polvcvclic Aromatic I 

1 

Hydrocarbon (PAH)- 
Field Analysis 

3. Glass Melter Sensor 1 2 
Technology 

4. Laser Evaporation 

Environmental 
Techniques for 2 1 

1 

1 

3 

sample Preparation I I 
5. Remote Contaminant I 1 1  

1 

2 

3 

7 

8 
Sensor Technology I I 

2 

7 5  

TreatmentEeparation Technologies 

1 
6: Adsorption 

Technology for 
Decontamination of 
Low and Medium 
Level Aqueous 
Solutions from Long- 
Lived Radionuclides 

7. Biochemical 
Treatment of Heavy 4 
Metals 

8. Biological 
Dehalogenation of 
Chlorinated 
Ethylenes 

9. BIOPUR@ Blologlcal 
Soil and 
Groundwater 
Treatment System 

1 

1 
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Table 1. (continued) Potential Applications of Foreign Technologies to Environmental Problem Units in DOE Operations 



Table 1. (continued) Potential Applications of Foreign Technologies to Environmental Problem Units in DOE Operations 

Foreign Technology 

21. Plastic Solidification 
Process for 
Radioactive Wastes 

22. Polluted Water 
Cleaning with Two- 
Stage 
Heterogeneous 
Dishcharge 

23. Vitrification of Liquid 
Wastes from Nuclear 
Power Stations 

Albuquerque (AL) Chicago (CH) FN ID NV Oak Ridge RF RL SF SR 
LANL SNL Other ANL BNL BCL FEMP INEL NTS ORNL K-25/ Other RFO RLO LLNL ETEC SRO 

Y-12 

1 1 3 3 3  1 

2 2  5 1 

2 1 4 2 3 

r 
24. ECOSOLQ 

Contaminant 2 1 1 4 1 2 3 5 
Absorbing Grout 

25. Hydrofraise 2 1 2 2 1 1 1 2 
26. In Situ Barrier 

Constuction with 2 1 1 4 1 2 3 5 
Montan Wax 
Emulsion 

27. Integrated Grouting 1 2 2 2  1 2 2  1 5 4 1 1 
Technology 

Subtotals 13 14 39 19 57 8 39 61 62 9 20 72 38 35 5 4 34 
i Tntnl I 5 2 9  1 

I I  Containment Technologies 

I 
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technology documentation efforts (e.g., the U.S. Environmental Protection Agency), coordination with 
the staff of the DOE and its contractors, and feedback on the versatility of the format from the OTD 
Technology Catalogue effort. 

The International Technology Catalogue addresses the areas listed below for each evaluated technol- 
ogy. 

p 

a Technology title and description 

a Technical performance and cost data 

Applicable waste types and forms a 

a Development status 

a Key regulatory considerations regarding the application of the technology 

a Potential commercial applications 

a Baseline comparison technology 

a Intellectual property rights 

a Points-of-contact and references for more information 

For some of the foreign technologies evaluated, there was only limited performance and cost data 
available from the developers . For other technologies, considerable information is available regarding 

! comparisons with baseline technologies. 
Q 

1.6 SUMMARY 

The International Technology Catalogue summarizes the efforts to evaluate foreign-based environ- 
mental management technologies which are considered cost-effective and innovative options to U.S. 
baseline technologies. Further joint foreign and U.S. technical evaluations and assessments of the 
applications of the technologies to specific DOE site problem units is warranted before the suitability 
of site demonstrations can be verified. Additional technical and economic assessments through U.S. 
business partnerships are recommended to assure cost-effective applicability of these technologies to 
DOE site-specific problem units. 

The International Technology Catalogue is structured to allow direct comparisons with technologies 
which are reported in the OTD Technology Catalogue of emerging U.S. environmental management 
technologies developed under funding by the DOE’S Office of Environmental Management. The in- 
formation presented in this document has also been transferred to the DOE EnviroTRADE@ Informa- 
tion System. 
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GLASS MELTER SENSOR TECHNOLOGY 

HVG and Friedrich-Schiller Univ. Jena 
Germany 

DESCRIPTION 

The-combination -(vitrification) of hazardous 
wastes and glass melt to produce various waste 
glasses is sometimes performed for waste stabili- 
zation. This sensor technology performs real time, 
in-stream characterizatiodmonitoring of waste 
glass within a melter for quality and operational 
control. The sensor determines the melter oxida- 
tiodreduction state (redox) and the glass compo- 
sition (by determining transition metals content 
and the total alkalinity of the melt). 

TECHNICAL PERFORMANCE 

The technology can sufficiently characterize waste 
glass for quality control. The technology may 
also be very effective in characterizing the sec- 
ondary phases of the glass, which may be detri- 
mental to melter operation (causes shorting). The 
sensor does not directly analyze the waste glass 
composition, but infers the composition based on 
simplifying assumptions. The sensor may require 
regular calibration (using some standard post-melt 
sampling and laboratory testing). This technol- 
ogy is seen as a way to reduce normal sample 
load by approximately 75% (by reducing analy- 
sis time), while increasing the assurance of the 
product. 

Further development may lead to sensors that can 
be used within the melter during extreme operat- 
ing conditions. Further development may also 
lead to techniques for obtaining better correlations 
of the measured parameters with actual glass com- 
position (especially while using heterogeneous 
waste forms). 

WASTE APPLICABILITY 

Although applicable to-all toxic materials, vitrifi- 
cation is anticipated only for HLW, TRU and pos- 
sibly LLW. The general method is applicable to 
transition metals in solution. 

STATUS 

The technology is currently entering the US. field 
demonstration stage. Although existing German 
technology has been demonstrated overseas, the 
technology must be adapted and qualified for 
DOE needs. Development steps include: (1) ob- 
taining the existing German technology; (2) per- 
forming a laboratory demonstration; (3) install- 
ing the technology in a melter to monitor simu- 
lated waste processing; and (4) installing the tech- 
nology in a melter to monitor actual radioactive- 
waste processing. The estimated time needed to 
carry out the development steps is 3 years. 

REGULATORY CONSIDERATIONS 

Since the technology is a sensor technology, no 
additional regulatory considerations are required 
beyond those associated with glass-melt vitrifi- 
cation. Sensors may significantly protect melters 
as well as reduce glass rejection rates and reduce 
delays caused by laboratory analyses. Waste vit- 
rification requires permits and NEPA documen- 
tation. The sensor technology may have to be 
supplemented with some standard elemental glass 
analysis to ensure calibration. 

13 



POTENTIAL COMMERCIAL TECHNOLOGY DEVELOPER 
APPLICATIONS HVG 

H. SCHAEFFER 
Germany 

FREDRICH-SCHILLER UNIV. JENA 

Germany 

REFERENCES 

This technology is applicable to any process where 
waste glass characterization during waste treat- 
ment (vitrification) of HLW, TRU, and LLW or 
other toxic materials is needed. Site conditions c. RUESELL 
are irrelevant. Glass-melt vitrification is being 
utilized at many sites throughout the DOE com- 
plex (e.g., Savannah River Site). 

BASELINE TECHNOLOGY 

The baseline technology consists of sampling the 
glass after melting and testing in the laboratory. 
No reasonable alternative exists for this 
technology’s ability for real-time, in-line analy- 
sis. 

INTELLECTUAL PROPERTY 
RIGHTS 

HVG and Friedrich-Schiller Univ. Jena own the 
patent rights on one of the sensors. 

DOE holds license of the SRTC Sensor; D. 
Bickford: “Sensors for Monitoring Waste Glass 
Quality and Method of Using the Sensor.” 
US Patent No. 5,294,313 (March 15, 1994). 

Collaborative U.S . development (including NSF 
funding) ensures access to the technology. 

FOR MORE INFORMATION 

1. DuCharme, Arthur R., William J. Robards, and 
Richard D. Jimenez, “Matching Leading DOE 
Waste Management and Environmental Res- 
toration Needs with Foreign-Based Technolo- 
gies: FY 92 Final Report”, System Analysis/ 
Environmental Restoration in Western Europe, 
l?P No. AL-2233-05, International Technol- 
ogy Exchange Program, October 1992. 

ITES REPRESENTATIVE 
D. BICKFORD 
Westinghouse Savannah River Company 
AikenSC 29808 USA 
(803) 725-3737 
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LASER EVAPORATION TECHNIQUES FOR 
ENVIRONMENTAL SAMPLE PREPARATION 

V.G. Khlopin Radium Institute 
Russia 

DESCRIPTION 

In order to analyze radioactive hazardous waste, 
samples must first be prepared. This preparation 
costs time and resources in the environmental res- 
toration process. This innovative technology uti- 
lizes a laser to evaporate waste, such as pluto- 
nium and uranium in soils, for high-resolution 
spectroscopic analysis utilizing a tunable-laser. 

The technology involves the spectroscopic analy- 
sis of small samples of material to determine if 
specific elementshsotopes are present within the 
material. Due to the advantage of increased sen- 
sitivity, this technology utilizes laser spectroscopy 

instead of nuclear decay detection. The biggest 
advantage of this method is in its ability to detect 
ultra-low concentrations of slow decaying iso- 
topes. The technology uses one laser to evapo- 
rate atomdions from a sample and a second tun- 
able laser to perform the laser spectroscopic analy- 
sis utilizing optical transitions in the atomshons. 

Each elementhsotope has its own spectroscopic 
characteristics. Within the spectrum of a particu- 
lar elementhsotope are certain spectroscopic lines 
(fluorescence at a certain wavelength) that are 
unique to that elementhotope. A tunable laser 
derives its name from the fact that the wavelength 
of the laser light can be varied over a wide range. 

Since the intensity of a 
spectroscopic line is 
dependent on the wave- 
length of the incident 
laser light, a tunable la- 
ser is needed to deter- 
mine if certain lines ex- 
ist - which indicates 
that certain elements/ 
isotopes exist. 

All elementshsotopes 
can be detected in this 
fashion if the variation 
in wavelength of laser 
light is large enough. 
The tunable laser used 
was a rodamin dye la- 
ser with a wavelength 
range of 540-650 nm. 

Experimental Set-up for Investigation of the Laser Evaporation Process 
and Isotope Composition Analysis of Samples 
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With this range in wavelength, 25 elements can 
be detected. The list of 25 includes technetium 
(Tc), thorium (Th), uranium (U), neptunium (Np), 
and plutonium (Pu). By changing the dye more 
elements/isotopes can be detected. 

One important and unique aspect of this particu- 
lar technology is in its ability to transform the 
material into a gaseous state so the atomshons can 
be effectively analyzed. This is accomplished by 
the use of a pulsed copper vapor or YAG:Nd+ la- 
ser to evaporate the sample material. Each pulse 
of the laser lasts about 10-20 ns and the wave- 
length used is either 511 or 1064 nm. The aver- 
age power per area delivered to the sample in or- 
der to produce the pulsed beam of atomshons 
ranges from 107-109 W/cm2. Under vacuum (in a 
vacuum chamber at about torr) and with the 
use of an optical system, a computer, detectors 
(photomultiplier tubes, ion detectors, etc.), and 
other equipment, the samples are evaporated and 
analyzed. 

TECHMCAL PERFORMANCE 

From the results to date, the developers conclude 
that the sensitivity of the technology is about 
1 013 atoms per sample (in comparison, Avogadro’s 
number is 6.02 x loz atoms). The selectivity of 
various isotopes for the transuranic elements is 
about (which means that isotopes that differ 
in concentration by more than lo6 times can be 
individually identified). 

The developers investigation into the affects of 
sample preparation on analysis lead to the con- 
clusion that samples pressed into tablets produced 
the best signal to noise ratio. Thus, the density of 
the prepared samples is very important for this 
analysis technique. For soil samples, the devel- 
opers utilized a density of more than 0.43g/cm3. 
In addition, the introduction of various admixtures 
into the sample material (to aid tablet forming) 
did not lead to significant changes in the signal to 
noise ratio. 

With improvements in the experimental setup, the 
sensitivity could possibly be improved to about 
i07-i08 atoms per sample. 

WASTE APPLICABILITY 

This measuring technology is applicable to soils 
contaminated with specific elements (depending 
on the lasers used). The tunable laser used was a 
rodamin dye laser with a wavelength range of 540- 
650 nm. With this range in wavelength, 25 ele- 
ments can-be detected. The list of 25 includes 
actinium (Ac), americium (Am), barium (Ba), 
dysprosium @y), erbium (Er), europium (Eu), ga- 
dolinium (Gd), hafnium (Hf), lanthanum (La), 
lutetium (Lu), manganese (Mn), sodium (Na), 
neodymium (Nd), neptunium (Np), plutonium 
(Pu), scandium (Sc), samarium (Sm), Tantalum 
(Ta), technetium (Tc), thorium (Th), thulium 
(Tm), uranium (U), yttrium (Y), ytterbium (Yb), 
and zirconium (22). By changing the dye more 
elementshsotopes can be detected. 

STATUS 

The technology consists of a combination of labo- 
ratory instrumentation and equipment. Refine- 
ments in technique are estimated to yield more 
accurate results. 

REGULATORY CONSIDERATIONS 

United States regulatory issues are not known. 

POTENTIAL COMMERCIAL 
APPLICATIONS 

Potential commercial applications are very wide 
ranging. Any industry that needs quick and ac- 
curate soil analysis for determining the presence/ 
amount of specific elements could benefit from 
use of this technology. This technology could be 
applied to analyze soils at various remediation 
sites throughout the DOE complex. 
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BASELINE TECHNOLOGY REFERENCES 

Nuclear decay detection and wet chemistry are 
the baseline technologies. In comparison to 
nuclear decay detection, this technology has the 
advantage of being able to detect ultra-low con- 
centrations of slow decaying isotopes. In com- 
parison to wet chemistry, this technology is 1-2 
orders of magnitude higher in precision, takes 
minutes versus days to complete, and provides 2 
orders-of-magnitude reduction in cost per sample. 

INTELLECTUAL PROPERTY 
RIGHTS 

None. 

FOR MORE INFORMATION 

ITES REPRESENTATIVE 
THOMAS E. ALBERT 
Science Applications International Corporation 
19321 U S  Highway 19 North, Suite 520 
Clearwater, FL 34624 USA 
(813) 530-4000, FAX (813) 535-0056. 

TECHNOLOGY DEVELOPER 
V.G. KHLOPIN RADIUM INSTITUTE 
28 Shwernik av. 
19402 1 , S t. Petersburg, Russia 

E-mail: ARK@RI.SPB.SU 
(812) 247 5662, FAX (812) 247-5781 
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PAH-FIELD ANALYSIS USING 
CHEMILUMINESCENCE 

TAUW Milieu BV 
The Netherlands 

DESCRIPTION 

PAH-Field Analysis is a field analytical method 
which can rapidly characterize or monitor soil 
samples for PAH contamination (polycyclic aro- 
matic hydrocarbons). PAH-Field Analysis can 
produce unresolved quantitative results within 
15 minutes and, therefore, presents a useful aid 
to the remediation of soils. In conventional High 
Performance Liquid Chromatography (HPLC) 
and Gas Chromatography (GC), the PAH deriva- 
tives are separated by means of chromatography, 
after which detection and further quantification 
take place. PAH-Field Analysis may be described 
as collective quantification, that is to say the in- 
dividual PAH are not separated. Once a suitable 
reagent has been added a specific chemical reac- 
tion will (due to the presence of PAH) produce 
light (chemiluminescence). The intensity of this 
light, which is measured by photoelectric cells, 
gives an indication of the total concentration of 
PAH in the sample (with the exception of Naph- 
thalene). For each location under investigation, 
a calibration factor is determined by analyzing a 
number of samples in parallel with both the HPLC 
analysis and the PAH-Field Analysis. On the ba- 
sis of measured intensity of the light and the es- 
tablished calibration factor, the concentrations in 
the soil can be determined. This method has been 
successfully applied on numerous occasions, both 
in the Netherlands and abroad. 

TECHNICAL PERFORMANCE 

When adequately calibrated with HPLC (high per- 
formance liquid chromatography) PAH-Field 
Analysis provides accurate measurement of total 
PAH concentrations. This technique is rapid, 
analysis in less than 15 minutes, and inexpensive. 

No specific performance or cost data have been 
provided. 

WASTE APPLICABILITY 

This measuring/monitoring technology is appli- 
cable to soils contaminated with polycyclic aro- 
matic hydrocarbons. Current equipment cannot 
be used on groundwater, but this application is 
being explored. The method uses chemilumines- 
cence to determine total PAH concentration. 

STATUS 

The method has been successfully applied on nu- 
merous occasions, both in the Netherlands and 
abroad. Development is complete. 

REGULATORY CONSIDERATIONS 

There are no US regulatory issues known which 
would restrict the use of this technology. PAH- 
Field analysis would need to be calibrated on-site 
with HPLC or GC methods. This technique only 
determines total PAH concentration, whereas spe- 
cific contaminant concentrations may be required. 

POTENTIAL COMMERCIAL 
APPLICATIONS 

This technology is potentially applicable to in- 
dustries such as gasoline storage, transport and 
refueling stations which have soil contamination 
problems (naphthalene concentrations in the gaso- 
line would not fluoresce). This field analytical 
technique is applicable for site characterization 
and monitoring during remediation especially 
where only monitoring of total PAH concentra- 
tion is required. 
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Specific DOE needs include site monitoring and 
site characterization for soils contaminated with 
PAH. 

BASELINE TECHNOLOGY 

Some baseline technologies currently used in the 
United States for PAH analysis are liquid and gas 
chromatography and nuclear magnetic resonance 
(NMR).  The PAH-Field Analysis technology is 
much cheaper and faster, although not as accu- 
rate or specific, compared to chromatography or 
NMR, but it needs HPLC for calibration. 

INTELLECTUAL PROPERTY 
RIGHTS 

The T A W  Infra Consult company has patents 
pending in the Netherlands and in Europe. 

FOR MORE INFORMATION 

ITES REPRESENTATIVE 
SCOTT HITCHCOCK 
Golder Federal Services, Inc. 
2201 Buena Vista Drive, SE, Suite 304 
Albuquerque, NM 87106 USA 
(505) 242-4308; FAX (505) 242-4768 

TECHNOLOGY DEVELOPER 
HENNIEVANVREE 
T A W  Milieu BV 
Handelskade 11 
Postbus 479 
7400 AI Deventer 
The Netherlands 
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REMOTE CONTAMINANT SENSOR TECHNOLOGY 

Institute of Radiochemistry 
Kernforschungszentrum Karlsruhe, Germany 

DESCRIPTION detection of organic molecules, particularly chlo- 
rinated hydrocarbons such as trichloroethylene 

As part of a collaboration between the Nuclear (TCE), 1,l-dichloroethene (DCE), and chloro- 
Chemistry Division at Lawrence Livermore form. The second is an Opto-chemical Plastic 
National Laboratory (LLNL) and the Institute of Disc Sensor (OPDS) for the detection of heavy 
Radiochemistry (IRCh) in the Kernfor- metals, such as cadmium (Cd), mercury (Hg), and 
schungszentrum Karlsruhe (KfK) in Germany, lead (Pb). 
two types of sensors were transferred for 
demonstrations,at LLNL and the Savannah River 
Site (SRS). 

The first is a fiber-optic based sensor, the Eva- 
nescent Field Absorption Sensor (EFAS), for the 

Figure 1. Evanscent Interaction with TCE in the 
Hydrophobic cladding. 
Core diameter = 400 microns 
Cladding diameter = 500 microns 

Evanescent FieldAbsolptiori Sensor. The EFAS 
is based on internal reflection spectroscopy. Light 
entering a fiber-optic at an angle greater than the 
critical angle is totally reflected off the coreklad- 
ding interface as it propagates through the fiber. 
At each reflection point, a small portion of light 
penetrates into the cladding. This is known as 
the evanescent wave (see Figure 1). In this fiber- 
optic sensor, the absorption of the evanescent 
wave in the fiber cladding is what is actually be- 
ing measured. When immersed in an analyte so- 
lution, non-polar organic solvents diffuse into the 
cladding of the fiber. Absorption spectra in the 
near-infrared wavelength range are used to char- 
acterize the analyte solution. Water, which has a 
strong absorption in the near-infrared, is repelled 
by the hydrophobic polysiloxane cladding. Thus, 
the evanescent wave only sees the organics; the 
large background due to water absorbance is 
eliminated. 

This sensor has many advantages over other sen- 
sors for volatile organic compounds, in particu- 
lar TCE. It is based on a completely reversible 
physical interaction and not a chemical reaction. 
Measurements are made directly in the water and 
not in the headspace above the water level, which 
also allows for monitoring of concentration gra- 
dients in groundwater. This is significant since 
many organics are more dense than water and will 
sink to the bottom. The time to reach equilib- 
rium is 15 to 20 minutes. The linear dynamic 
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range spans from trace levels to solubility limit, 
1 to 1100 ppm. 

Contaminant 

Trichloroethylene 

Chloroform 

Opto-chemical Plastic Disc Sensors. In this sen- 
sor, a porphyrin dye is immobilized in a cation 
exchange membrane. Metal ions that diffuse into 
this membrane form a complex with the dye and 
the characteristic spectra can be obtained. Aclear 
plexiglass disk acts as a suitable substrate for the 
membrane allowing for absorbance spectra to be 
obtained perpendicular to the surface (see Figure 
2). 

Detection Limit 

800 ppm 

18 PPm 

==3 Light 

Plexiglass Nafion 
Substrate Membrane with 

Immobilized 
Dye 

Figure 2. Diagram of the Operation of the 
Opto-chemical sensor. M-TMPyP refers to the 
metal dye complex. Niafon Membrane thick- 
ness = 3-5 microns on a 1/16-inch thick 
plexiglass disc. 

Porphyrin dyes are well known as highly sensi- 
tive indicators for the spectrophotometric deter- 
mination of metal ions. The complexation rate is 
relatively fast (timescale of minutes) and the re- 
sulting absorbance spectra of the complexes can 
be well distinguished and correlated to different 
metals. 

These sensors are inexpensive and simple to pro- 
duce with materials that are commercially avail- 

able. A solution of Nafion, a cation exchanger, is 
pipetted onto a small plexiglass disc. After briefly 
spinning off the excess, a thin film of Nafion is 
obtained. Immobilizing the dye in the membrane 
is achieved by simply immersing the coated disc 
in an aqueous solution of the prophyrin dye for 
several days. Prior to use, the sensors are rinsed 
with distilled water and stored in a buffered solu- 
tion. The sensors show excellent chemical and 
mechanical stability and can be used several 
weeks without loss in sensitivity. . 

Due to its strong ion exchange properties, Nafion 
extracts cations from the solution. The kinetics 
of the complex formation and increase of the ab- 
sorption band of the complex have been corre- 
lated with the metal ion concentrations. 

TECHNICAL PERF'ORMANCE 

Evanescent Field Absorption Sensor. Current 
limits of detection for the EFAS are shown in 
Table 1. Results of the field tests at LLNL are 
summarized in Table 2 and indicates which wells 
were monitored, the depth to water, the depth at 
which the measurements were made, the TCE con- 

Table 1. Detection Limits for EFAS. 

I 

Dic hlo romethane I 40 ppm 

centration found, and the TCE concentration re- 
ported from laboratory analysis and the date the 
sample was chemically analyzed. No TCE was 
found in Well 116, where it was reported to be 
present in concentrations below the detection limit 
of the instrument. Laboratory results of samples 
from Well 35 1 were acquired four months prior 
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to the field test. The results from the EFAS cor- 
respond to the laboratory reported values. 

Element 

Table 2. Results from LLNL Field Tests for 
TCE found with EFAS measured on July 21 and 
24, 1992. 

OPD ICP-AES Drinking Water 
Detection Detection Regulatory Levelsb 

Limit Limit= (PPb) 
(ppb) (ppb) 

Chemical 

8 0  2 .85  3 . 3  
35  1 I10 2 .88  3 . 3  

Measure 
Depth 

(ft) 

1 4 0  

110 

125C 

147  

a Below detection limit for TCE with EFAS sensor. 

l-02 FCE 
l-02 Chemical Chemical 
This Analysisb Analysisb 

Work (ppm) (ppm) 
(pprn) 

1.41 2.0 1 . 1  

5 .96  2.55 0 .996  

6 .53  d d 

37 .6  d d 

Date 
of 
Chemical 
Analysis 

6 / 4 / 9 2  
3 / 3 / 9 2  
3 / 3 / 9 2  

Performance tests were also conducted at SRS. 
The detection of TCE in three wells are presented 
in Table 3. Samples were obtained on the same 
day as the tests (August 4) and were analyzed on 
August 20 by GCMS. Concentrations found may 
have been higher than those reported by the labo- 
ratory due to losses of volatile organic compounds 
from outgassing in the processes of retrieving and 
transporting a sample to the laboratory. Table 3 
also reports PCE concentrations; a contaminant 
of interest in the tests. 

Table 3. TCE Results from SRS measured 
on August 4, 1992. 

Depth 

EFAS sensor is not calibrated for PCE, see text. 
b Determined by GCIMS. 
C Detected in the air above water. 
d Not tested due to regulatory restrictions on removing 

samples at this concentration. 

Opto-cliemical Plastic Disc Sensors. Using the 
same spectrometer and computer as with the 
EFAS, the opto-chemical plastic disks were also 
tested in the field at SRS. Water from three wells 
(78, 90, 97) was retrieved for analysis. Due to 
the presence of pumps in the wells, in situ mea- 
surements were not possible with the system with 
its configuration. The sensor was modified to fit 
into a 1-in diameter well opening allowing for in 
situ measurement of Well 97 at a depth of 5 ft. 
Spectra obtained with the sensor in Well 97 
showed no change from the uncomplexed dye 
reference spectrum in the acidic form. All three 
wells tested with the plastic disk sensor were 
found to be very acidic (pH range of 3-4). Table 
4 summarizes the results of the instruments per- 
formance. Since the sensor operates in the neu- 
tral to basic range, the results were understood 
given the conditions. 

Table 4. Summary of Opto-chemical Plastic 
Disk Performance. 

a J. W. Robinson, "Atomic Spectroscopy." (Marcel Dekker Inc.. NY) 

b Barclay's California Code of Regulations. 
1990. 

Samples drawn from the three wells were adjusted 
to pH 9 with a buffer solution. Sensors were then 
immersed in these samples and stirred overnight. 
The sample from Well 78 showed no change (i.e., 
no complexation) from the reference dye spectra. 
In Well 90, complexation of a metal with the dye 
could be detected; however, the component was 
not one of the reference metals (Cd, Hg, Pb, Zn). 
In Well 97, Zn was detected with the sensor al- 
though the concentration could not be determined. 
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Lab reported values from Cd and Pb were on the 
order of 4 to 40 ppb, respectively, both of which 
are below the current detection limit of this sen- 
sor and drinking water regulatory levels (see Table 
4). 

WASTE APPLICABILITY 

The EFAS is applicable to the detection of chlo- 
rinated hydrocarbons such as TCE, DCE and chlo- 
roform in groundwater. The OPDS is applicable 
to the detection of heavy metals such as Cd, Hg, 
and Pb in groundwater. 
STATUS 

The EFAS and the OPDS were transferred from 
Karlsruhe to LLNL. Demonstrations of the sen- 
sors were performed at LLNL and SRS in 1992. 

The only development issues remaining are how 
sensitive, inexpensive, and portable the instru- 
ments can be made. The development and trans- 
fer of the technology is expected to take about 
three years. 

REGULATORY CONSIDERATIONS 

Eye injury or bums can result from laser beam 
exposure. Exposure to laser dyes/solvents can 
produce toxic and/or mutagenic effects. Although 
absorption spectroscopy is a mature and well-ac- 
cepted laboratory procedure, since this technol- 
ogy represents a different procedure for verify- 
ing performance (monitoring), it will probably 
have to be supplementedcalibrated by traditional 
sampling/laboratory testing methods. 

POTENTIAL COMMERCIAL 
APPLICATIONS 

This technology could be applied by any organi- 
zation (public or private) that needs to real-time 
characterize water containing transuranics, organ- 
ics, toxic metals, or colloids. Some potential cus- 
tomers are institutions within the chemical indus- 
try, power industry, and government. This tech- 

nology could be applied to help remediate sites 
throughout the DOE complex. 

BASELINE TECHNOLOGY 

The baseline technology for waste-water analy- 
sis is sampling and testing in the laboratory. 

INTELLECTUAL PROPERTY 
RIGHTS 

Due to their collaborative development, both 
LLNL and Karlsruhe Nuclear Research Center 
own the intellectual property rights. Primary 
transfer would be accomplished by personnel ex- 
changes between German groups and LLNL. The 
field equipment will be developed at LLNL. 

FOR MORE INFORMATION 

ITES REPRESENTATIVE 
R. SILVA 
Lawrence Livermore National Laboratory 
P.O. Box 808 
Livermore, CA 94550 USA 
(510) 423-1977 

TECHNOLOGY DEVELOPER 
H. ACHE 
Karlsruhe Nuclear Research Center 
Germany 
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SENSOR8 LEAK DETECTION TECHNOLOGY 

Slovak Republic 

DESCRIPTION 

A technologically-advanced sensor system has 
been developed for early warning leak detection 
in lined waste-disposal ponds, industrial surface 
impoundments, basins, pipelines, tunnels, and 
other similar contained structures. Correlations 
between localized water flow and electrical cur- 
rent are often observed in soils since most elec- 
trical conduction is by means of migration of dis- 
solved ions. This system exploits this phenom- 
enon by detecting anomalies in measured com- 
ponents of current density as the basis for detect- 
ing breaches in liners, pipelines, and other con- 
tainment systems holding liquid chemical wastes. 
Basic electrical parameters are measured which 
reflect the decomposition of current density, which 
is relatively easy to measure, as opposed to ac- 
tual fluid flow which is often difficult to mea- 
sure. The active and passive components of the 
SENSORB system are such that migration of lo- 
cal groundwater can also be detected and defined. 
This is an added benefit to the leak detection tech- 
nology and possibly a useful secondary applica- 
tion. ! 

P 

A "lined waste pond" is essentially a liquid vol- 
ume enclosed in a plastic membrane. Typical con- 
tents may range from toxic chemicals to domes- 
tic refuse. The goal is to detect leakage or 
breaches in the lining membrane, both before and 
after filling of the impoundment. The detection 
system consists of five components: a passive 
sensing electrode array, active current electrodes, 
a monitoring center, cables, and a data acquisi- 
tion station. Using specially developed data pro- 
cessing and graphics presentation software, the 

location of a leak can be detected and graphically 
described with high sensitivity and precision. 

Two versions of the system have been developed, 
a "permanent system" for installation into new 
lined landfills or containment structures, and a 
"portable system" for use with existing lined land- 
fills and containment structures. 

TECHNICAL PERFORMANCE 

Full-scale Applications: 

1. Location: Budmerice (Western Slovakia), 
Istrochem Bratislava (one of the largest chemi- 
cal companies in Slovakia). This was a per- 
manent modification installed in a PVC and 
geotextile liner, in Sept. 1991; 8,000 m2. There 
were 10 leaks detected which consisted of 
welding errors, tears, and punctures. The liner 
was used to contain chemical and municipal 
waste. 

2. Location: Cleon (North West France), Sotrap, 
liner installing company. This was a portable 
installation in a HDPE double liner with a 
drainage layer. Installed Sept. 1992; 20,000 
m2. There were 36 leaks detected which con- 
sisted of punctures. The liner was used to con- 
tain industrial waste. 

3. Location: Anger (Western France), France 
Dechets. This was a permanent modification 
in a HDPE liner. Installed Oct. 1992; 6,000 
mz. The liner was used to contain industrial 
waste. 
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4. Location: Budmerice I1 (Western Slovakia), 
Istrochem Bratislava. This was a permanent 
modification in a HDPE and geotextile liner. 
Installed in Oct. 1992. The liner was used to 
contain chemical and municipal waste. 

Description 

5. Location: Sete (Southern France), Sud 
Fertilsant. This was a portable modification 
in a HDPE liner. Installed in November 1992. 
Two leaks were detected which consisted of 
tears and welding errors. The liner was used 
to contain phosphoric acid. 

$US /m* 

6. Budmerice III (Western Slovakia), Istrochem 
Bratislava. This was a permanent modifica- 
tion in a HDPE and geotextile liner. Installed 
in February 1993; 4,000 m2. The liner was 
used to contain liquid chemical waste. 

Cost Datu: 

Permanent (20 yrs. monitoring) I $94.50 - 170.10 I I 
I I knnanent (1-3 yr. monitoring) $44.10 -75.60 I w I Port able S ys tan I $75.60 - 94.50 I 

I I I 
Exchange Rate (08/93: 6.3 French Francs = $1.00 US. 

leak detection. This technology is also applicable 
for site monitoring, including ground water flow 
and contaminant migration. 

STATUS 

This technology has been developed and demon- 
strated at more than six sites. All of the materi- 
als , equipment, computer software and related 
items for application of either the permanent or 
portable systems are currently available from the 
technology developer. 

REGULATORY CONSIDERATIONS 

There appear to be no regulatory or public accep- 
tance issues which are of significance with regard 
to the application of this technology in the United 
States. 

POTENTIAL COMMERCIAL 
APPLICATIONS 

Potential commercial applications include chemi- 
cal companies and other industries which utilize 
storage and disposal ponds for chemicals and in- 
dustrial waste. This technology could also be 
applied to the chemical sewer systems and pipe- 
lines used to deliver or transport chemicals and 
industrial waste. The extent of the world-wide 
market is potentially very large. The developer 
has a representative in France who will be mar- 
keting this technology in Western Europe and 
Scandinavian Countries. 

WASTE APPLICABILITY 
The developer has also recently entered into a li- 
censing agreement with Gundle Lining Systems, 
Inc. of Houston, Texas. 

This technology is applicable for the monitoring 
and detection of leaks that occur in lined waste- 
disposal excavations and other containment sys- 

Specific DOE needs for which this technology 
applies include monitoring the physical integrity 
of contained structures, process sewer lines, pipe- 
lines and lined landfills within the DOE complex. 

tems for chemical liquid wastes. It is principally 
applicable to leak and damage detection for lined 
waste storage ponds and landfills. The method is 
equally applicable to pipeline and sewer system 
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BASELINE TECHNOLOGY 

There are a number of US and foreign baseline 
technologies which are used in leak detection; 
however, it is the accuracy of this-technology, in 
addition to-its ability to graphically locate and 
describe the leak, which makes it unique. 

INTELLECTUAL PROPERTY 
RIGHTS 

This technology has a patent pending filed in the 
Slovak Republic under the name of "Damage De- 
tection System". 

FOR MORE INFORMATION 

ITES IUZPRESENTATnTE 
JOHN E. MOERLINS 
Associate Director 
Center for HungaridAmerican Environmentd 
Research, Studies & Exchanges 
226 Morgan Building 
2035 East Paul Dirac Drive 
Tallahassee, Florida 323 10 USA 
(904) 644-5516, FAX (904) 574-6704 

TECHNOLOGY DEVELOPERS 
DR. TOM& A N D R E Z h  
SENSOR@ 
Radlinskeho 47 
8 11 07 Bratislava 
Slovakia 
Tel : ( 4 2 )  749-7876, FAX (442) 749-793 1 

MR. PHILIPPE GANIER 
2.1. 
Rue P. et M. Curie 
51530 OIRY 
FRANCE 
Tel: (+33) 26-55- 11 88, FAX (+33) 26-54-5236 

REFERENCES 

1. Moerlins, J. and R. Herndon, "Advanced Early 
Warning Damage (Leak) Detection System for 
Lined Waste Disposal Ponds, Industrial Im- 
poundments, Pipelines, Tunnels and Similar 
Structures," prepared by The Center for Hun- 
gadadAmerican Environmental Research, 
Studies & Exchanges, Florida State Univer- 
sity, September 1993. 
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ADSORPTION TECHNOLOGY FOR 
DECONTAMINATION OF LOW AND MEDIUM LEVEL 

RADIONUCLIDES 
AQUEOUS SOLUTIONS FROM LONG-LIVED 

! 
P 

DESCRIPTION 

Institute of Physical Chemistry 
Russia 

The Institute of Physical Chemistry at the Rus- 
sian Academy of Sciences has been investigating 
the use of various ion-exchange technologies for 
treating aqueous solutions containing low-level 
or intermediate-level radioactive waste. The tech- 
nologies are based upon adsorption of radionu- 
clides on organic ion-exchange resins, natural 
minerals, organic materials, and synthetic inor- 
ganic absorbents. The following list of materials 
(although not comprehensive) are representative 
of the type of materials currently used in Russia 
for remediation purposes: 

industrial manufactured ion-exchange resins, 
such as KU-2x8 (strong acidic sulfocationite), 

Cemen 

1 *P B Mixe 

KB-4P2 (weak alkaline carboxylic anionite), 
ANKB -2 (aminocarb oxylic poly amp holite) , 
ANKB-35, AB-17, and KU-1 
(phenolphormaldehyde sulphocationite); 

natural and modified alumosilicates and zeo- 
lites, such as bentonite (white clay), vermicu- 
lite, clinoptilolite, shabasite, and Selex-KM 
(modified natural clinoptilolite); 

synthetic zeolites, such as CFB-10 (type Azeo- 
lite, caolinite clay modified with phosphoric 
acid), CMP (type A zeolite ), NaA (sodium 
form of type A zeolite), CaA (calcium form of 
type A zeolite), NaX (sodium form of type X 
zeolite), and CaX (calcium form of w e  X zeo- 
lite), KG-13 (synthetic shabasite, potassium 
form), fluorine-montmorillonite, 5AZ, 
Mordenite (synthetic zeolite with 7% clay as a 
binder); 

Mobile Water-Treatement System 

hydrous oxide based adsorbents, such as ISMA- 
3 (modified manganese dioxide based 
cationite), pyrolusite (natural manganese di- 
oxide), SKK-3 (antimony-silicon cationite), 
Termoxid-5 (hydrated titanium dioxide based 
adsorbent), and ASKM (silica gel of 
mesoporous structure); 

polyvalent metal salt based adsorbents, such as 
FI' (titaniumphosphates), F Z  (zirconium phos- 
phates), and CuS (copper sulfate); 

metal oxide impregnated ion-exchange resins 
(MOIR), such as chelating polyvinylpiridine 
or iminodiacetic acid based ion exchange res- 
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ins impregnated with titanium or zirconium 
dioxides; 

Sorbent 

DhosDhowlated wood 

ferrocyanide based inorganic sorbent, such as 
FS-10 (potassium-copper ferrocyanide sup- 
ported by silica gel), NGA (nickel ferrocya- 
nide supported with aluminosilicate), 
Ferrocyn, and HG-10; 

Contaminant CaDabilitv and DisDosal 

uranium adsorption ion-exchange capacity of 3-4 mglg; decontami- 

coal-based adsorbents, such as BAU (activated 
charcoal), SK-1 (sulphonic coal), TEC, and 
SKNO (nitrogen containing activated coal); 
and, 
other natural and modified natural material, 
such as wood (sawdust of birch, pine, and as- 
pen wood), oxidized wood (carbonized or oxi- 
dized sawdust), phosphorylated wood (sawdust 
modified with phosphoric acid and urea), peat, 
and Chizit-03 (chitine-containing adsorbent, 
fabricated from shrimp shells). 

from wastewater 

co-precipitation of 
heavy metals from 

In addition to the sorbents, the Institute of Physi- 
cal Chemistry has also developed a mobile unit 
for treating low- and medium-level aqueous so- 
lutions. The unit is comprised of three sub-units: 
(1) a filter system; (2) a cementation unit; and (3) 
an incinerator. The figure below illustrates in 
block-diagram form the mobile unit system. 

nation fact& of 40-80; incineration of the 
sawdust yields a volume reduction factor of 100 
disposal of sorbent 

TECHNICAL PERFORMANCE 

from Purex waste 

cesium adsorption 
from wastewater 

Sr, rare earth, and 
transplutonium 

radionuclides from 
Purex waste 

Cs adsorption 
through soil mixing 
Cs adsorption 

through soil mixing 

Cs adsorption 
, through soil mixing 

Ru, Co, Cs, and Sr 
adsorption from 

groundwater 

The table below lists the technical performance 
of some of these sorbent technologies. The sor- 
bents are used to extract the contaminants from 
waste streams. 

recovery from waste; 99% Cs recovery from the 
sorbents into a cesium concentrate; 
concentration factor of 100; disposal of sorbent 
a decontamination factor of 400 and 30-40 for 
Cs and total b-activity (produced by Sr, Ru, Pr, 
Ce, Th, and Sb), respectively; disposal of 
sorbent 
MOR loaded with radionuclides are subjected 
to a two-hour process that produces a 
microspheric-shaped ceramic waste which is 
suitable for long term storage or disposal. 
1000 g/m2 reduced the transfer of Cs into 
plants by a factor of 1.5; 
20 g/m* reduced the transfer of Cs into plants 
by a factor of 35; 

250 g/mz reduced the transfer of Cs into plants 
by a factor of 3.3; 
removal percentages range from 5% to 96%; 
disposal of sorbent 

The mobile unit for treating low- and medium- 
level aqueous solutions is comprised of three dif- 
ferent sub-units. The filtering system unit con- 
sists of a mechanical filter and three successive 

. .  
(sawdust) 

hydrous manganese 
dioxide 

FS-10 (potassium- 
copper ferrocyanide 
supported by silica 

gel 
NGA (nickel 
ferrocyanide 

supported with 
aluminosilicate) 

MOlR (metal oxide 
impregnated ion- 

exchange resin; up to 
10% T i i r  dioxide) 
natural clinoptilolite 

Ferrocyn 
(ferrocyanide 

containing sorbent) 
HG-90 (ferrocyanide 
containing sorbent) 

AB-17, NaA zeolite, 
and CuS 

KU-2x8, ANKB-35, 

wastewater I 
cesium adsorption I ion-exchange capacity of 100-160 mg; 98% Cs 
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.filters for the removal of Cs, Sr, and heavy-ele- 
ment radionuclides. The sorbent is easgy removed 
from the' filtering system and unloaded into the 
cementation unit for encapsulation or into the in- 
cinerator unit for incineration. The incinerator 

treatment system. Ashes remaining in the incin- 
erator unit can be easily removed by use of a spe- 
cial bin to load the ashes into the cement mixer of 
the cementation unit. 

unit is equipped with a highly efficient off-gas 

WASTE APPLICABILITY 

Principal applications of these technologies are 
in-situ and ex-situ waste treatment of contami- 
nated water and/or soil for the removal and con- 
centration of heavy metals (including radionu- 
clides). Some of the elements removed and con- 
centrated by these technologies are U, Pu, Cs, Sr, 
Ru, Co, Pr, Ce, Th, Sb, Ca, Mg, Zr, Ci, Mn, Cd, 
Cu, and Zn. In-situ treatment of soil can be ac- 
complished by applying sorbent directly to the 
soil. 

STATUS 

Applications and capabilities of the various sor- 
bents for remediation purposes have been stud- 
ied and documented. Many of these sorbent tech- 
nologies have been applied for remediation pur- 
poses within Russia. Availability of the mobile 
remediation unit is indicated. 

REGULATORY CONSIDERATIONS 

Use of some of the sorbents (e.g., ferrocyanide- 
based sorbents), as well as incineration, is gov- 
erned by strict U.S. regulations. Disposal of cer- 
tain wastes (e.g., radioactive) is also strictly gov- 
erned. 

POTENTIAL COMMERCIAL 
APPLICATIONS 

Potential commercial applications are very wide 
ranging. Any industry that needs to decontami- 

through the removal of long-lived radionuclides 
and heavy metals could benefit from the use of 
these technologies. Specific application of these 
technologies include waste water treatment from 
mining operations, nuclear materials processing, 
and water and/or soil remediation. These tech- 
nologies could be applied to help remediate sites 
throughout the DOE complex. 

nate low- and medium-level aqueous solutions 

BASELINE TECHNOLOGY 

The combination of various ion-exchange tech- 
nologies with pump and treat technologies is the 
baseline for treating water containing heavy met- 
als (including radionuclides). Currently, soils con- 
taminated with heavy metals are excavated and 
stored in a landfill or contained by use of barri- 
ers. Ifradionuclides are present in excavated soil, 
the soil may have to be treated first (e.& leach- 
ing) to remove them. Grout barriers (including 
slurry walls) are baseline for containment. 

INTELLECTUAL PROPERTY 
RIGRTS 

None. 

FOR MORE INFORMATION 

ITES REPRESENTATIVE 
THOMAS E. ALBERT 
Science Applications International Corporation 
19321 U.S. Highway 19 North, Suite 520 
Clearwater, FL, 34624 USA 
(813) 530-4000, FAX (813) 535-0056. 
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TECHNOLOGY DEVELOPER 
INSTITUTE OF PHYSICAL 
CHEMISTRY 
3 1 Leninsky prospect 
Moscow 1 179 15 Russia 
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tion Project; prepared by Science Application 
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1994. 
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BIOCHl3MICAL TREATMENT OF HEAVY METALS 

TNO Institute of Environmental Sciences 
The Netherlands 

DESCRIPTION 

This technology is a biochemical version of acid 
leaching for on-site treatment of large volumes 
of solid materials which have contaminants with 
heavy metals including soils, industrial sludges, 
fly ashes, and possibly mill tailings from mining 
operations. Sulfur, air and specific microbial cul- 
tures (e.g.,ThiubaciZZm ferruduxidan) are mixed 

fate reduction bioreactor, possibly producing hy- 
drogen sulfide (H,S). The heavy metals can then 
be recovered, and the processed soil can be 
washed and reconditioned. 

The use of this technology requires services for 
the bioreactors, for sulfate production and reduc- 
tion, and for the solid/liquid separator. This tech- 
nology requires excavation and handling of con- 

, 

sulfur microbial culture 

air - 
water + 

sulfate 
reduction 

U contaminated material - 
(soil, dredging, solid waste) \ 

solid 
sulfate 
production 
bioreactor 

I 1 
1 

separator 

liquid A 
sulfate H2S -Treatment 
reduction materials 

Heavy Metal 
DreciDitates - Metal Reuse 

bioreactor 

Schematic for Biological Treatment of Heavy 
Metals Contamination 

taminated soil (or other ma- 
terial), soil washing and re- 
use, and handling and pro- 
cessing of recovered heavy 
metals. 

Bioreactors for sulfate pro- 
duction and sulfate reduction 
have been successfully dem- 
onstrated under laboratory 
conditions. Apilot test, with 
a planned capacity of one ton 
of contaminated soil per day, 
is planned for 1994, and a 
field demonstration is ex- 
pected in 2-5 years follow- 
ing the pilot test. Bench- 
scale tests have demon- 
strated this technology's ef- 
fectiveness for removing 
most metals, especially Zn, 
Cd, As, and Ni. For opti- 
mum performance, this pro- 
cess must avoid high alka- 

with contaminated materials in a bioreactor to 
produce sulfuric acid which, in turn, dissolves the 
heavy metals. The liquid mixture containing the 
heavy metals is collected. Afterward, remaining 
solids are separated from the liquid mixture in a 
solid/liquid separator. The dissolved metals are 
precipitated out of the resulting solution in a sul- 

linity, high ionic concentrations and other biota 
(weeds). It is expected that this technology would 
also be effective for uranium-contaminated soils 
because uranium can be dissolved in sulfuric acid. 
This technology should be relatively inexpensive, 
since it does not need expensive growth media 
and because sulfur is relatively inexpensive com- 
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pared to sulfuric acid. Although the reaction rate 
may be slow for a biological process, it should be 
safer. 

required (e.g., to remove other biota which may 
interfere with the sulfate production process). 

STATUS 
TECHNICAL PERFORMANCE 

23oratory Testing. As demonstrated in the labo- 
ratory results presented in the table below, the pro- 
cess is relatively effective for removing most 
metals (especially Zn, Cd, As, and Ni) from a 
variety of contaminated soils, depending on the 
alkalinity of the soil. 

Laboratory Test Results. (TNO, 1993) The pro- 
cess is not as effective under high alkalinity or 
high ionic strength conditions. For example, in 
laboratory tests, it was not effective for high con- 
centrations of chromium (because of toxic effects 
on the microbes) or for low pH with lead (be- 
cause resulting Pb(HSO,), salt is insoluble). It 
should be noted that it may be difficult to main- 
tain and control the appropriate conditions in the 
bioreactors, especially if other biota (e.g., weeds) 
are present in the contaminated soil. Applications 
for removal of radionuclides have not been tested. 

Cost. The cost and rate schedule is unknown be- 
cause of the laboratory status of the process and 
the plant size dependency of costs. However, the 
technology should be relatively inexpensive be- 
cause it does not need expensive growth media 
and because sulfur is relatively inexpensive com- 
pared to sulfuric acid. The cost of the bioreactor 
is not known. 

It is projected that this technology will be appli- 
cable to radionuclides, but it has not been tested. 

WASTE APPLICABILITY 

This technology can treat large amounts of solid 
materials (e.g., soils, industrial sludges, incinera- 
tor fly ash, etc.) moderately contaminated with 
heavy metals (including radionuclides). High soil 
alkalinity and high ionic strengths should be 
avoided. Some pre-treatment of the soil may be 

The bioreactors for sulfate production have been 
successfully demonstrated under laboratory con- 
ditions. However, the interaction of other con- 
taminants on the biological processes and the ap- 
plication to radionuclides has not been demon- 
strated. 

REGULATORY CONSIDERATIONS 

United States regulatory issues are not known. 

POTENTIAL COMMERCIAL 
APPLICATIONS 

This technology is potentially applicable to com- 
munity incinerator plants, mining operations and 
a wide range of other industrial applications which 
produce heavy metal waste in soils or other solid 
materials. 

Specific DOE needs for which this technology is 
applicable are waste treatment and on-site treat- 
ment of soils contaminated with heavy metals 
including possibly radionuclides. 

BASELINE TECHNOLOGY 

The comparable US baseline technology is soil 
washing without biochemical treatment or acid 
leaching without secondary treatment. The can- 
didate technology appears to be specific to cer- 
tain types of contaminants; whereas, the baseline 
technologies may handle wider ranges and com- 
binations of contaminants. 

Compared to soil washing alone, this technology 
is (1) more effective in removing and ultimately 
separating (possibly for reuse) heavy metals from 
contaminated soils, thus reducing the secondary 
waste stream; (2) more expensive in terms of op- 
erating cost, but less expensive in total cost be- 
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cause less secondary waste disposfltreatment 
costs and increased recycle credits for the recov- 
ered heavy metals; (3) slower with small plants, 
but larger plants may also be used; and (4) more 
acceptable because of waste minimization and 
reutilization. 

Compared to acid leaching alone, the candidate 
technology is (1) marginally less expensive and 
safer because sulfur replaces sulfuric acid (sulfu- 
ric acid is produced and reduced captively in the 
bioreactors; therefore, no %SO4 handling is re- 
quired); (2) slower because the biochemical re- 
action times required to generate sulfuric acid are 
on the order of 1-2 wks; and (3) more acceptable 
because of waste minimization and reuse through 
sulfate reduction, although secondary treatment 
of H,S would be similar. 

REFERENCES 

1. Roberds, W., "Technology Description: Bio- 
chemical Treatment of Heavy Metals, tech- 
nology of The Netherland,; prepared by Golder 
Associates, Inc., Redmond, WA for Sandia 
National Laboratories, July 27, 1993. 

2. Roberds, W. J., C.F. Voss and S.A. Hitchcock, 
"ITEP: a Survey of Innovative Environmental 
Restoration Technologies in The Netherlands 
and France," report prepared by Golder Asso- 
ciates, Inc., Redmond, WA, for Sandia National 
Laboratories, November 1993. 

INTELLECTUAL PROPERTY RIGHTS 

The Dutch government provides 30 percent of the 
project funding with an industrial partner provid- 
ing the rest. Technology can be transferred to the 
industrial partner with no obligation to the Dutch 
government or to the EC. No pending patents.are 
known. 

FOR MORE INFORMATION 

ITES REPRESENTATIVE 
SCOTT HITCHCOCK 
Golder Federal Services 
2201 Buena Vista Drive, SE 
Suite 304 
Albuquerque, NM 87106 USA 
(505) 242-4308; FAX (505) 242-4768 

TECHNOLOGY DEVELOPER 
DR. H. J. DODDEMAAND J.J.D. 
VANDER STEEN 
TNO Institute of Environmental Sciences 
Schoemakerstraat 97 
P. 0. Box 6011 
2600 JA Delft 
The Netherlands 
Tel.: 3 1- 15-696022, FAX: 3 1-15-616812 
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BIOLOGICAL DEHALOGENATION OF 
CHLORINATED' ETHYLENES 

TNO Institute of Environmental Sciences 
The Netherlands 

DESCRIPTION 

This technology is a biological treatment method 
for treating ground water and soil vapors contain- 
ing chlorinated ethylenes. The primary use is 
for ex-situ treatment of chloroethylene contami- 
nated soil, groundwater, or air. A secondary use 
of this technology is for in-situ treatment of 
chloroethylene contaminated soil. The system, 
being primarily an ex-situ system, requires 

anaerobic dehalogenation of perhalogen com- 
pounds, which is a function of temperature; fol- 
lowed by (2)-aerobic complete dehalogenation and 
mineralization through microbial co-oxidation. 
The remediated groundwater is usually returned 
with some biomass to the soil. For contaminated 
soils, microorganisms from a mixture of granu- 
lated anaerobic sludge are mixed with the soil in- 
situ or ex-situ. Any air used or that has escaped 
during the process is treated in a biofilter to re- 

Primary Carbon Source 
(e.g., Methane) 

f 
I I  + 

Extracted- -~ 

Groundwater 

I 

Biological Dehalogenation of Chlorinated Ethylenes 

move the volatile chlorinated 
compounds. The system needs 
a small placement area and ser- 
vices, such as air, water, and 
sludge, for the reactors and fil- 
ters. In addition, monitoring of 
the remediation process is nec- 
essary in order to determine 
when acceptable levels have 
been reached. 

TECHNICAL 
PERFORMANCE 

Laboratory Testing. In labo- 
ratory studies, groundwater 
containing perchloroethylene 
and trichloroethylene (PCE and 
TCE) was decontaminated in 
anaerobic reactors using granu- 
lated, anaerobic, digested, do- 
mestic sludge. PCE (3 m o l e /  

groundwaterhoil vapor extraction (including pos- 
sibly reinjection). This would preclude in-situ 
bioremediation or other ex-situ treatment tech- 
nologies. 

For groundwater or soil vapor, the process uses a 
two-step sequential biological process: (1) the 

1) was effectively dehalogenated into TCE within 
about one day. PCE and TCE (15-30 mmole/l) 
was almost completely degraded into 1 ,2-cis- 
dichloroethylene (DCE) within about two months 
at 12°C. Elsewhere, the specific results of labo- 
ratory testing (using 5 laboratory-scale anoxic re- 
actors of 2.5 liter working volume) on ground- 

- 
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water contaminated with perchloroethylene are 
presented in the Table. It should be noted how- 
ever, that anaerobic conditions are difficult to 
maintain. 

Table of Laboratory Test Results. 

studying aerobic complete dehalogenation and 
mineralization of TCE and DCE, which is a sig- 
nificant issue. Also, the interaction of other con- 
taminants on the biological processes need to be 
evaluated. 

REGULATORY CONSIDERATIONS 

Bioremediation methods are generally preferred 
because there are minimal secondary byproducts 
and the process destroys the waste as opposed to 
simply concentrating it. 

POTENTIAL COMMERCIAL 
APPLICATIONS 

(Concentrations are mgA) 

Laboratory Studies. (1) Air contaminated with 
PCE and TCE was effectively dehalogenated into 
DCE within several days, using heather compost 
inoculated with granulated anaerobic and aero- 
bic sludges; and (2) soil contaminated with PCE 
(1.5 mom) was effectively dehalogenated into 
TCE within about twenty days,using microorgan- 
isms from a mixture of granulated anaerobic 
sludge at 20°C. The further aerobic complete 
dehalogenation and mineralization of DCE is the 
second step in the process. However, the effec- 
tiveness of this important process is currently 
unknown, although it is being studied in the US 
and remains to be investigated. 

Cost. Data not available due to immature status 
of the technology. 

WASTE APPLICABILITY 

This technology is applicable to chlorinated eth- 
ylenes in groundwater, soil and air. 

STATUS 

This technology is in a laboratory demonstration 
phase of development. Currently the focus is 

A market survey has not been done in the United 
States, so the market potential is currently un- 
known. Specific DOE needs include on-site treat- 
ment of chlorinated ethylene contaminated soils, 
groundwater and soil vapor. 

The developer, TNO, is only interested in re- 
search. Once the development of the technology 
is complete, it will be transferred to TNO's in- 
dustrial partner (unknown), who has provided 
about 2/3 of the funding. Negotiations (e.g., for 
licensing agreements) would be conducted with 
the industrial partner. 

BASELINE TECHNOLOGY 

The baseline technology for this application is air 
stripping in conjunction with carbon filtration 
(which only separates and concentrates the con- 
taminants) or oxidation processes (which destroy 
the contaminants). In comparison to air stripping 
with carbon filtration or air stripping with oxida- 
tion, the candidate technology is potentially (1) 
more effective in some cases, although not as 
widely applicable to various contaminants, but it 
does not result in secondary wastes (e.g., it de- 
stroys rather than concentrates the contaminants); 
(2) marginally cheaper, safer and more accept- 
able because it minimizes secondary waste, al- 
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though the advantages are reduced if additional 
treatment technologies are required; and (3) sig- . 
nificantly slow (due to biological process). In both 
cases, the candidate technology is specific to PCE/ 
TCE whereas the baseline technologies may 
handle combinations of contaminants. 

REFERENCES 

1. Hitchcock, S., "Biological Dehalogenation of 
Chlorinated Ethylenes," prepared by Golder 
Associates Inc. for Sandia National Labora- 
tories, July 1993. 

INTELLECTUAL PROPERTY 
RIGHTS 

The process has no pending patents at this time. 
The Dutch government provides 30 percent of the 
project funding, with an industrial partner pro- 
viding the rest. Technology can be transferred to 
the industrial partner with no obligation to the 
Dutch government or the EC. 

FOR MORE INFORMATION 

ITES REPRESENTATIVE 
SCOTT HITCHCOCK 
Golder Federal Services, Inc. 
2201 Buena Vista Drive, SE, Suite 304 
Albuquerque, NM 87106 USA 
(505) 242-4308; FAX (505) 242-4768 

TECHNOLOGY DEVELOPER 
DR. H. J. DODDEMA 
TNO Institute of Environmental Sciences 
Schoemakerstraat 97 
P. 0. Box 6011 
2600 JA Delft 
The Netherlands 
Tel.: 31-15-696022, FAX: 31-15-616812 

2. Roberds, W. J., C.F. Voss and S.A. Hitchcock, 
"ITEP: a Survey of Innovative Environmen- 
tal Restoration Technologies in The Nether- 
lands and France," report prepared by Golder 
Associates Inc., Redmond, WA for Sandia Na- 
tional Laboratories, November 1993. 
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BIOPURGD BIOLOGICAL SOIL AND GROUNDWATER 
TREATMENT SYSTEM 

TAUW Milieu bv 
The Netherlands ._ _ _ _  . - _.~_ . - .. - 

DESCRIPTION 

BIOPUR@ is a biological treatment for ground- 
water and soil vapor contaminated with organic 

Since BIOPUR@ is an ex-situ treatment system, 
groundwater extraction and soil vapor extraction 
(and possibly reinjection) is needed. The use of 
this system would preclude in-situ bioremediation 

consists of compartments filled wlth polyurethane. 
dding In Mlch vapor and water are treated biologically 

Pumps, 

compounds. BIOPURO is an aerobic, plug flow, 
fixed film, trickling filter bioreactor system, in 
which groundwater and soil vapor contaminated 
with-organic compounds-is passedthrough a-re- 
ticulated polyurethane (PUR) packing material 
with a high specific contact area. The high spe- 
cific contact area of the PUR growth media re- 
sults in high biomass concentrations and, thus, 
high reaction rates at short retention times. In 
contrast to most bioreactors, the soil vapor and 
groundwater are treated simultaneously to prevent 
stripping/volatilization of the volatile components. 
Operation of the system involves simply reading 
meters and refilling nutrient solutions. 

or other ex-situ treatment technologies. 
The system also needs a small place- 
ment area and services such as air, wa- 
ter, nutrient solution, and pH control 
chemicals. In addition, monitoring of 
the remediation process is necessary in 
order to determine when acceptable 
levels have been reached. Although the 
effectiveness varies with rate, retention 
time, and original concentration, the 
system is relatively effective in degrad- 
ing a variety of organic compounds. 
The bioreactor’seffectiveness in treat- 
ing chlorinated hydrocarbons is under 
investigation. The system is commer- 
cially available, cheaper than strippers/ 
AC filters, and case studies exist. 

~~~~~~ ~ 

TECHNICAL PERFORMANCE 

The system is relatively effective in degrading a 
variety of organic compounds, as summarized in 
the table. The effectiveness varies with flow rate, 
retention time, and original concentration. 

Pe?formunce Levels for Various Waste opes.  
As shown on the following table, tests with BTEX 
(benzene, ethylbenzene, toluene, and xylene), 
mineral oil, and napthalene where the rate varied 
up to 15 m3/hr and the retention time varied from 
1/4-1 hr. For example, in limited tests, BTEX 
was degraded with greater than 96 percent effi- 
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ciency in five cases where concentrations were 
equal to or above 650 mg/l, but the efficiency was 

tetrachlorobenzene 

1,2 - 
dichloroethene 
TRI 
PER 
1,l - 
dichloroethane 
1,1,1 - 
trichloroethene 

Table of Perfomnee Levels for Various 
Waste o p e s  

+ 10-50 

+ 70-80 

u.i. 80 
u.i. 80 
u.1. 10-20 

u.1. 80 

Efficie yc y 

Benzene 
Toluene 

Cresol 
Dimethylpheno 

Mineral Oils 
Benzine U >90 
Kerosine >85 

+ >70 
+ >70 

Diesel 
Na hthalene 
PAHfiea ) 
E don-HCH 4 0  

m,p - 
Ethylphenol 

Beta-HCH . I 0 0  I - 
Gamma-HCH + 270 

+ >65 

I Delta-HCH I +/- I 550 

chlorobenzene 

dichlorobenene 

+ 20-80 trichlorobenzene 

1 Phenol I + + I  >80 

I 

only 79 percent in the one case where the con- 
centration was 500 mg/l. The efficiency in de- 
grading mineral oil, on the other hand, increased 
from 62-92 percent and then decreased to 55 per- 
cent as the concentration increased from 300 to 
1,300 to 18,000 mg/l. The effectiveness of de- 
grading chlorinated hydrocarbons is uncertain at 
present. 

Cost. Depends on flow rates through the 
bioreactor. At slow flow rates (10 m3/hr.) the cost 
is about 0.50.DM (Dutch Marks)/m3, which is 
about 30% less cost than for stripper/activated 
carbon filtration. As the flow rate increases, the 
cost decreases (ie., about 0.35 DM/m3 at 40 m3/ 
hr flow), which is about the same as for stripper/ 
activated carbon filtration. 

WASTE APPLICABILITY 

This technology is applicable for a wide variety 
of organic-compounds over a wide rangeofcon- 
centrations in groundwater and soil vapor. See 
the table in the Technical Performance section 
regarding effectiveness for specific compounds. 
Concentrations of iron greater than 20 mg/l can 
cause clogging of the filters. Floating layers can- 
not be treated and should be removed before treat- 
ment. vpically, biodegradation of chlorinated 
hydrocarbons is difficult. 

STATUS 

This technology is commercially available, and 
case studies exist (17 plants since 1989). How- 
ever, the applicability to chlorinated hydrocarbons 
is being studied at the pilot scale. 

REGULATORY CONSIDERATIONS 

There appears to be no US regulatory issues re- 
stricting the use of this technology. The foreign 
regulatory issues are not available for compari- 
son since most of the previous applications have 
been conducted under Dutch regional or federal 
government supervision. 
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Bioremediation methods are preferred because 
there are minimal secondary byproducts and the 
process destroys the waste as opposed to simply 
concentrating it. 

POTENTIAL COMMERCIAL 
APPLICATIONS 

Potential commercial applications are very wide 
ranging. Any industry which has polluted ground- 
water or soil with contaminants which are degrad- 
able by known microbial strains. Specific DOE 
needs for which this technology is applicable in- 
clude treatment of groundwater and soil vapor 
contaminated with various organic compounds. 

BASELINE TECHNOLOGY 

U.S. baseline technologies include (1) Air Strip- 
ping of volatile organic compounds in ground- 
water, which simply separates the contaminants 
for further treatment; (2) W oxidation of con- 
taminated groundwater; (3) thermal or catalytic 
oxidation of primary or secondary contaminated 
vapors; (4) carbon filtration or contaminated 
groundwater or vapors (which concentrates the 
contaminants in the filter medium); or (5) other 
trickling bioreactors not supported on polyure- 
thane padding (for groundwater only). 

Compared to the other technologies (e.g., oxida- 
tion), the candidate technology potentially can 
treat groundwater and soil vapor simultaneously, 
with little subsequent treatment required. Spe- 
cifically, compared to air strippingkarbon filtra- 
tion, the candidate technology is potentially (1) 
more effective in some cases, although it is less 
widely applicable to various contaminants, but it 
does not result in any secondary wastes (i.e., it 
destroys rather than concentrates the contami- 
nants); (2) marginally cheaper, safer, and more 
acceptable because it results in no secondary 

wastes; and (3) somewhat slower (due to biologi- 
cal process) and more difficult to operate reliably. 
Compared to other trickling filter bioreactors, the 
candidate technology is potentially (1) more ef- 
fective in removing contaminants from vapors 
simultaneously with groundwater; (2) quicker to 
setup due to its mobile containers; and (3) more 
stable and less sensitive to iron clogging. 

INTELLECTUAL PROPERTY 
RIGEITS 

This technology has been patented in the US and 
Europe, and there has been no known foreign 
government investment in the development. US 
Patent No. 5,080,793, granted 1/14/92. Europe 
Patent No. 0385555 granted 7/28/93. 

FOR MORE INFORMATION 

ITES REPRESENTATIVE 

SCOTT HITCHCOCK 
Golder Federal Services, Inc. 
2201 Buena Vista Drive, SE, Suite 304 
Albuquerque, NM 87106 USA 
(505) 242-4308; FAX (505) 242-4768 

TECHNOLOGY DEVELOPER 
IR. F. S P W  AND IR. E. H. 
MARSMAN 
T A W  Infra Consult bv 
Handelskade 11, Postbus 479 
400 AL DEVENTER 
The Netherlands 
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CHROMPIK VITRIF’ICATION PROCESS FOR DRIED 
LIQUID, SPENT NUCLEAR FUEL WASTE 

Czech Nuclear Research Institute 
Slovak Republic 

DESCRIPTION 

The Chrompik Vitrification Process is a waste 
treatment process for waste minimization and sta- 
bilization of liquid radioactive wastes through 
evaporization and subsequent inductive vitrifica- 
tion. Liquid radioactive waste is concentrated by 
a factor of 20, mixed with a glass f i t ,  transported 
into an induction furnace, dried at a low tempera- 
ture, and melted at 1150°C. The vitrification pro- 
cess is based on medium-frequency induction 
heating and operates batchwise with the amount 
of 20 kg product per batch. The product is cast 

ported into the intermediate storage areas and then 
on to a final repository. The exhausted vapors 
and contaminated air are treated using a series of 
filters, and the condensate is recycled to the evapo- 
rator. 

into stainless steel cylindrical shaped cases, trans- 

The Nuclear Research Institute in Rez, Czech Re- 
public, Laboratory of Vitrification Processes 
(LW) has developed the technology and appro- 
priate equipment for the solidification of high 
level liquid wastes which have resulted from the 
decommissioning of the Slovak Nuclear Power 
Plant A-1 in Jaslovske Bohunice. The primary 
problem at the facility site is the high concentra- 
tions of chromium compounds in wastes and the 
incorporation of the chromium into the glass ma- 
trix. This process is capable of incorporating up 
to 8 percent of chromium into the glass matrix, 
reaching 20 to 30 percent load factor for other 
waste constituents. This result is possible due to 
the properties of the glass frit which has been de- 
veloped for this specific need in cooperation with 
the Research Institute of Glass in Hradec KrAovC. 
During the vitrification process, part of the chro- 
mium becomes incorporated into the glass ma- 

trix and the remaining chromium is incorporated 
in the form of-chromium oxide particles in the 
bulk of the glass. 

TECHNICAL PERFORMANCE 

General. The LVP has a wide and long-term ex- 
perience base in the field of glass-related research, 
determination of various glass properties (includ- 
ing long-term behavior and properties) and in the 
technical aspects of these processes. This knowl- 
edge base is the result of extensive research ac- 
tivities both within the LVP as well as in con- 
junction with key university centers within the 
Czech Republic. Also in recent years, the LW 
has maintained close contacts with Russian re- 
search centers, cooperated in the development of 
vitrification processing of defense-related wastes, 
cooperated in the development of “dry re-process- 
ing” of spent nuclear fuel as well as the vitrifica- 
tion of wastes from nuclear power reactors. The 
LVP works in conjunction with the Czech Nuclear 
Power Utilities and has close cooperation with 
the French Research Centers of the CEA. 

Pilot Scale Demonstration. During the pilot-plant 
experiments more than 100 runs were accom- 
plished with the total solidification of about 
15,000 liters of the simulated waste. The result- 
ing glass totaled more than 2,000 kg. The corro- 
sion resistance of the crucible material was satis- 
factory and the entire process exhibited accept- 
able performance for industrial and large-scale 
applications. 

Full-scale Demonstration. The processing of 
pool water from spent nuclear fuel storage areas 
in the A-1 Nuclear Power Plant in JaslovskC 
Bohunice involves the treatment of waters con- 
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taining alkaline metals, such as 
macrocomponents, and relatively high concentra- 
tions of hexavalent chromium. The radionuclides 
contained in these waters inc l~del~~Cs,  %r 
and small amounts of U and Pu. This waste con- 
sists of approximately 40 m3 as a result of a 
nuclear power plant shutdown after an accident 
which occurred in 1977. The vitrification pro- 
cess is based on the high temperature processing 
of a dried waste and glass frit mixture which re- 
sults in a high quality glass product. Melting con- 
ditions aid in the chromate reduction to the in- 
soluble Cr,O, during the melting process. The 
chromium sesquioxide partly forms the glass lat- 
tice, and partly is fused into the glass because the 
property of glass to absorb C3+ is small. The vit- 
rification apparatus is based on a medium-fre- 
quency induction heating and operates batchwise 
with the amount of 20 kg of product per batch. 

Cost. Cost data are not available at this time. 

WASTE APPLICABILITY 

This technology is applicable for the processing 
of limited amounts of a typical, high-level radio- 
active waste in the presence of tri- or hexavalent 
chromium salts. 

STATU§ 

REGULATORY CONSIDERATIONS 

There appear to be no regulatory or public accep- 
tance issues which are of significance with regard 
to the implementation of this technology at sites 
in the United States. 

POTENTIAL COMMERCIAL 
APPLICATIONS 

The extent of the worldwide market for this tech- 
nology is not known. A market analysis was not 
provided by the technology developer. Specific 
DOE needs include treatment of high-level liq- 
uid radioactive wastes within the DOE complex. 
The technology developer is interested in discuss- 
ing the possibilities associated with establishing 
foreign partners for purposes of further demon- 
strating and commercializing this technology. The 
interests of the technology developer include 
transferring the technical aspects of this vitrifica- 
tion process through a contractual arrangement 
and participating in a joint development program 
to orient the technology to meet specific DOE 
needs. 

BASELINE TECHNOLOGY 

Currently there are a number of technologies 
which exist for the vitrification of these types of 
wastes; however, many of the commercially avail- 
able technologies are reported to be for high level 
activity radioactive wastes without significant 
concentrations of chromium salts. 

INTELLECTUAL PROPERTY 
RIGHTS 

The technology and associated equipment is be- 
yond proof-of-principle and pilot plant scale test- 
ing. This equipment is in use and is constructed 
for operation under “hot” conditions” at the NPP 
A-1 Reactor site located in Jaslovsk6 Bohunice. 
Potential problems associated with any further de- 
velopment of this technology involves the finan- 
cial constraints of the Czech Nuclear Power Utili- 
ties (the entity which finances the operations of 
the Czech Nuclear Research Institute). 
There is no history of application of this technol- 
ogy within the DOE complex or the US. 

The proprietors of the research results and equip- 
ment are the Slovak Power Works and the 
Jaslovsk6 Bohunice Nuclear Power Plant. 
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FOR MORE INFORMATION 

ITES REPRESENTATIVE 
JOHN E. MOERLINS 
Associate Director, Center for Hungaridhexi-  
can Environmental Research, Studies 
& Exchanges 
226 Morgan Building, 2035 East Paul Dirac Drive 
Tallahassee, Florida 323 10 USA 
(904) 644-5516, FAX (904) 574-6704 

TECHNOLOGY DEVELOPER 
Dr. Josef Sussmilch 
Czech Nuclear Research Institute 
Rez, Czech Republic 
plc. 25068 
Rez 
Czech Republic 
Tel.: +(42/2) 685-835 1 (ext. 3540), 
FAX: +(42/2) 685-7567 

REFERENCES 

1. Moerlins, J., and R. Herndon, “Chrompik Vit- 
rification Process for Dried Liquid Spent 
Nuclear Fuel Wastes,” Central and Eastern 
European Activities; prepared by The Center 
for Hungariadherican Environmental Re- 
search, Studies and Exchanges, Florida State 
University, Sept. 1993. 

51 



52 



COBALT DICARBOLLIDE SEPARATION 
.TECHNOLOGY FOR RADIOACTIVE WASTE 

Concentration of Waste Diluted 
CDC Kd, Cs Kd, Sr 1.5 times 

(molesAiter) Kd. Cs 
0.1 6.9 0.72 16.6 
0.2 10.6 3.2 26.8 
0.3 20.1 7.6 41.2 

Khlopin Radium Institute 
Russia 

Waste Diluted 
1.5 times 

Kd, Sr 
1.2 
4.4 
12.8 

DESCRIPTION 

Russian Scientists, in a joint effort with Czech 
scientists, developed and utilize a solvent extrac- 
tion process for recovering cesium and strontium 
from acidic highly radioactive waste. The pro- 
cess uses cobalt dicarbollide (CDC); a compound 
first created (1965) in the U.S., but never pro- 
duced or used commercially. The Czech scien- 
tists observed that CDC dissolved in suitable sol- 
vents can be highly selective in removing cesium 
from concentrated and complex solutions of ra- 
dioactive waste. The Russians developed a pro- 
cess and constructed a facility that successfully 
uses the technology. Although CDC is not pro- 
duced in the US., it is produced in industrial quan- 
tities in Russia. CDC is very stable and exhibits 
high stability in aradioactive environment. CDC 
is soluble in polar organic solvents, such as ni- 
trobenzene, and can remove or exchange cations 
with aqueous wastes. It has a particularly high 
selectivity for cesium and by using appropriate 
additives in the process, CDC can also remove 
strontium with high selectivity. Implementation 
will require associated surface treatment facili- 
ties. DisposaUprocessing of the CDC after use 
must be provided. 

TECHNICAL PERFORMANCE. 

The ability of CDC to extract cesium and stron- 
tium from simulated Idaho National Engineering 
Laboratory (INEL) waste was proven in experi- 
mental tests. The results are summarized in Table 
1 and show that the distribution coefficients (Kd) 
for cesium increase with an increase in concen- 
tration of CDC in the solvent (nitrobenzene). 
Strontium distribution coefficients, though not as 
high as cesium, increase much more rapidly with 
increasing CDC concentration in the solvent. 
Diluting the waste resulted in similar trends to 
increasing the concentration of CDC. The effects 
of nitric acid and sodium nitrate concentrations 
on the distribution coefficients were investigated. 
The results are listed in Table 2 and Table 3. In- 
creasing concentrations of sodium nitrate and ni- 
tric acid cause the distribution coefficients of both 
cesium and strontium to decrease, but the mecha- 
nism of the effect is presently unclear. Even so, 
moderate distribution coefficients remain even at 
acid and salt concentrations of up to 1.5 M. 

Costs. No cost information was provided. 
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. 

HNo3 0.1 M CDC 0.1 M CDC 0.3 M CDC 
Concentration 
(moles/l iter) Kd, Cs Kd, Sr Kd, c s  

0.5 14.5 1 .o 25.4 
0.7 10.4 0.98 22.2 
1 .o 8.6 0.72 19.6 
1.2 8.0 0.61 18.8 
1.5 7.2 0.54 16.7 

. Table 2. The effects of nitric acid concentration on distribution coefficients 
for cesium and strontium. 

0.3 M CDC 

Kd, Sr 
14.0 
9.3 
9.0 
7.3 
5.5 

Table 3. The effects of sodium nitrate concentration on distribution coefficients 
for cesium and strontium. 

New diluents for CDC are being investigated for 
their affects on the extraction of various elements 
from highly radioactive wastes. Investigations on 
the use of CDC for extraction of additional met- 
als (e.g., barium, americium, cerium) from radio- 
active waste are being conducted. The investiga- 
tors hope to increase the number and degree of 
metals extracted from highly radioactive waste. 

WASTE APPLICABILITY 

The cobalt dicarbollide separation technology is 
primarily applicable in recovering cesium and 
strontium (and possibly additional metals) from 
acidic, aqueous, highly-radioactive waste. 

STATUS 

The cobalt dicarbollide separation technology has 

been successfully used at production scale in 
Russia. However, a good deal of work remains 
to optimize and demonstrate the process for U.S. 
applications. 

REGULATORY CONSIDERATIONS 

Since the CDC technology is used to treat highly- 
radioactive waste, permits will be needed to uti- 
lize the technology. Disposal of any radioactive 
waste is strictly regulated. 

POTENTIAL COMMERCIAL 
APPLICATIONS 

Any institution that needs to decontaminate acidic, 
aqueous, highly-radioactive waste containing ce- 
sium and/or strontium could benefit from the use 
of this technology. Specific application of this 
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technology includes waste water treatment from 
nuclear materials processing and water and/or soil 
soil remediation. This technology could be ap- 
plied to help remediate sites throughout the DOE 
complex. 

BASELINE TECHNOLOGY 

There is no current baseline technology for com- 
parison. 

INTELLECTUAL PROPERTY 
RIGI€I’S 

None. 

FOR MORE INF’ORMATION 

ITES REPRESENTATIVE 
THOMAS E. ALBERT 
Science Applications International Corporation (SAIC) 
19321 U.S. Highway 19 North, Suite 520 
Clearwater, FL 34624 USA 
(818) 530-4000; FAX (813) 535-0056 

TECHNOLOGY DEVELOPER 
KHLOPIN RADIUM INSTITUTE 
St. Petersburg, Russia 
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COMPOSITE INORGANIC-ORGANIC ION-EXCHANGE 
MATEIUALS 

Czech Technical University 
Czech Republic . 

DESCRIPTION 

This technology involves a new composite inor- 
ganic-organic ion exchange preparation method. 
The technology is applied to the separation and 
treatment of liquid radioactive waste. Many of 
the disadvantages normally associated with inor- 
ganic ion-exchange materials for the treatment and 
separation of waste have been overcome by a new 
universal composite preparation process. The 
small size and low granular strength of the inor- 
ganic particles are no longer problems with the 
composite materials. The advantage of an inor- 
ganic ion-exchanger’s high selectivity for the cap- 
ture of certain ions is not diminished when the 
inorganic, active component is incorporated into 
the modified Polyacrylonitrile (PAN) polymer 
matrix. Moreover, the composite ion-exchanger 
can be utilized for continuous, flow-through sys- 
tems, whereas baseline ion-exchangers are typi- 
cally utilized only in relatively small capacity 
batch processes. 

This technology uses remotely-operated columns, 
piston pumps and the ion-exchanger material. The 
contaminated water is circulated through the col- 
umn containing the ion-exchanger material. Us- 
ing this technology, water is circulated through 
the columns to separate out and concentrate tar- 
geted radionuclides. The concentrate can then be 
solidified for appropriate disposal. 

The composite ion-exchange material can be 
shaped as grains, beads, fibers, felt, fabric mem- 
branes, tubing, etc. In addition, the content of the 
active component in the composite exchanger can 
be varied in a very broad range depending on the 
targeted application. In this way the mechanical 
and granulometric properties of the prepared ion- 

exchange materials can be modified to suit the 
application. A schematic of the composite ion- 
exchange preparation process is shown in the fig- 
ure that follows. 

Powdered Inorganic Solution of Binding 
Ion-Exchanger Polymer 
(active component) 

\ /  Mixing (preparation 
of suspension) 

Dispersion in Water Bath 
(coagulation bath) 

Washing with water 

I 
Wet-Sieving 

Preparation of PAN-Based Composite 
Ion-Exchangers 

Composite ion-exchangers have been developed 
using the following active components: ammo- 
nium molybdophosphate (AMP-PAN), potasium- 
nickel hexacyanoferrate (NiFiC-PAN), sodium ti- 
tanate (NaTiO-PAN), titanium dioxide (TiO- 
PAN), manganese dioxide (Mho-PAN), magne- 
sium oxide (MgO-PAN), barium sulfate activated 
by calcium (Ba[Ca]SO,-PAN), copper sulfite 
(CuS-PAN), and synthetic mordenite (hz,,-PAN) 
or zeolite (Na-Y-PAN). The various types of ion- 
exchangers have the ability to separate and con- 
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centrate targeted radionuclides. Many have been 
demonstrated to separate cesium, cobalt, radium, 
strontium, and uranium. Additional composite 
ion-exchangers containing other active compo- 
nents are currently being prepared and tested by 
the technology developer. A composite absorber 
is currently being tested to separate plutonium 
from liquid wastes. 

TECHNICAL PERFORMANCE 

Laboratory Experiments. Based on experiments 
involving pond water taken from a long-term fuel 
storage pond, the resulting reduction in 137Cs con- 
tamination was three orders of magnitude ( lo3). 
Relatively high removal rates for 137Cs, ‘%Cs, 6oCo, 
and %Mn have been demonstrated in laboratory 
experiments . 
Other Laboratory and Field Scale 
Demonstrations. 

Concentration of cesium from fresh and sea wa- 
ters for the radioanalytical determination of the 
concentration of 137Cs and 134Cs. 
Separation of cesium from neutral and alka- 
line solutions (where AMP-PAN ion-ex- 
changer is unstable). The NiFC-PAN compos- 
ite exchanger was tested. 
Concentration of cobalt from groundwater and 
surface water using MnO-PAN and NaTiO- 
PAN ion-exchangers. 
Collection of radium from mining waters us- 
ing the Ba(Ca)SO,-PAN composite ion-ex- 
changer. 
Removal of cesium and strontium from water 
contained in a long-term storage pool of spent 
nuclear fuel elements. 
Removal of cesium, cobalt and strontium from 
water used for biological shielding at a nuclear 
power plant. 
Removal of radium from waste acids associ- 
ated with the underground leaching at uranium 
mines. 

Pilot PZunt. Based on the results of the labora- 
tory and field-scale demonstrations, a pilot plant 
has been proposed to verify the decrease of ra- 
dioactivity of the water in the long-term storage 
pool at the A-1 Nuclear Power Plant which is be- 
ing decommissioned in Jaslovske Bohunice, Slo- 
vak Republic. 

Cusk There are many factors which will influ- 
ence the price associated with the preparation of 
the absorbers. It has been estimated that the cost 
should not exceed $200-$3OO/liter of swollen ab- 
sorber. This estimated cost is comparable with 
the costs for non-composite inorganic ion-ex- 
changers which are currently available in the 
market place. These prices could be consider- 
ably lower if the composite ion-exchangers are 
produced in the Czech Republic for export to the 
U.S. or when industrial intermediates are used as 
the active components. . 

WASTE APPLICABILITY 

The applicable waste types are radionuclides and 
non-volatile metals. The applicable waste forms 
are particulate solids in solution, liquid wastes, 
and other liquid wastes contained in lined ponds, 
underground tanks, as well as surface water and 
groundwater. 

STATUS 

This technology is developed beyond proof-of- 
principle and is at the “demonstration stage”. The 
lead scientist involved in developing this tech- 
nology, Dr. Sebesta, is prepared to meet with ap- 
propriate DOE officials to discuss demonstrating 
this technology at a DOE site in the United States 
or to demonstrate the technology at a site in the 
Czech Republic which has problems of a nature 
similar to those at DOE sites. 
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' REGULATORY CONSIDERATIONS FOR MORE INFORMATION 

There appear to be no regulatory or public accep- 
tance issues of significance with regard to the 
implementation of this technology at sites iri the 
United States. One issue that needs clarification 
involves the toxicity of the PAN materials upon 
chemical or radiation decomposition. 

POTENTIAL COMMERCIAL 
APPLICATIONS 

Once commercially protected in the United States, 
this technology could be commercialized and 
marketed to address a wide variety of water-re- 
lated environmental contamination problems. 
Commercial applications include treatment of 
spent fuel storage tank waters at nuclear power 
plants. 

The specific DOE needs include the treatment of 
water contaminated with radioactive constituents, 
heavy metals and other inorganic constituents. 
The extent of the market potential beyond DOE/ 
EM needs has not been evaluated in detail but is 
believed to be very large. 

BASELIlW TECHNOLOGY 

Current U.S. baseline technologies involve the use 
of inorganic absorbers, some of which lack the 
structural strength advantages of the composite 
materials. For many specific applications, the use 
of these absorbers will be cheaper and easier to 
perform when compared with classical separations 
technologies. 

INTELLECTUAL PROPERTY 
RIGRTS 

ITES REPRESENTATIWZ 
JOHN E. MOERLINS 
Associate Director 
Center for HungaridAmerican Environmental 
Research, Studies & Exchanges 
226 Morgan Building, 2035 East Paul Dirac Drive 
Tallahassee, Florida 323 10 USA 
(904) 644-5516, FAX (904) 574-6704 

TECHNOLOGY DEVELOPER 
DR. FERDINAND SEBESTA 
Department of Nuclear Chemistry 
Faculty of Nuclear Sciences and Physical 
Engineering 
Czech Technical University 
Brehova 7 
115-19 Prague 1 
Czech Republic 
Tel: +(422) 231-5212, FAX+ (422) 232-0861 
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The procedure for the preparation of the compos- 
ite absorbers has been patented in the Czech and 
Slovak Republics.[2] 
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ELECTROCHEMICAL DEHALOGENATION OF TOXIC 
ORGANIC COMPOUNDS 

"NO Institute of Environmental Sciences 
The Netherlands 

DESCRIPTION 

This technology is intended for the destruction of 
chlorinated-phenols in waste water or contami- 
nated groundwater. The toxicity and biodegrad- 
ability of chlorinated compounds is in part deter- 
mined by their chlorine content. Therefore, re- 
moving chlorine atoms from organic molecules 
prior to their discharge in waste water may facili- 
tate the subsequent biological treatment of the 
toxic waste water. One process for accomplish- 
ing this is electrochemical dehalogenation. This 
process provides several advantages over other 
methods including: 

treatment of waste water is performed at ambi- 
ent temperature 
no additional chemicals are required 
the process provides selective removal of chlo- 
rine while the organic skeleton remains which 
can be digested by biological means (microbes) 
the process yields a less toxic compound in con- 
trast to concentration methods such as carbon 
filtration, membranes, etc. 

An electrolysis treatment is applied to chlorinated 
organic compounds utilizing a platinum gage an- 
ode and a carbon fiber bundle cathode. The elec- 
trolysis reactor also has a cation permeable sepa- 
rator to prevent electrical and hydraulic short cir- 
cuiting. Sodium hydroxide and/or disodium sul- 
fate electrolytes are added to the contaminated 
water prior to entering the electrolysis reactor. In 
addition, a small amount of organic solvent (e.g., 
methanol or acetonitrile) is added to increase solu- 
bility of the organic compound. A constant cur- 
rent is applied to the reactor to selectively remove 
halogens from halogenated organic compounds. 

I 

Graphit 
Fibers 

Fluid Flow 

Electrochemical Flow Through Reactor 

Application of this process requires groundwater 
extraction or a discharge source of waste water, 
an electrical power supply, and processing of re- 
sidual phenols (e.g., microbial degradation). 

TECHNICAL PERFORMANCE 

Laboratory Scale. Alaboratory-scale system was 
successfully demonstrated using an electrochemi- 
cal cell consisting of a fiber bundle cathode con- 
taining 50,000 single fibers (8-mm diameter) and 
a Pt-gage anode. The electrodes were separated 
by a cation permeable membrane to prevent elec- 
trical and hydraulic short circuiting. Laboratory 
experiments were performed with 1 liter batch 
samples of pentachlorophenol (PCP) contami- 
nated water with NaOH and Na,SO, electrolytes 
added. A constant current of 10 amps was ap- 
plied to the electrodes. A small amount of 
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organic solvent (methanol or acetonitrile) was 
added to increase the solubility of the phenol con- 
taminants. The initial concentration of PCP was 
in the range of 30-500 mg/l. After 20 minutes of 
electrolysis, the PCP concentration was reduced 
from 50 mg/l to about 1 mg/l. All five C1-atoms 
were removed from the PCP leaving phenol re- 
sidual. During the processing period, intermedi- 
ate chlorophenols were formed (tetrachloro-, 
trichloro-, dichloro-, and monochlorophenol). 
While the intermediate compounds typically have 
low toxicity, the process was allowed to proceed 
until all the C1-atoms were removed. 

Small-volume laboratory tests suggest 98 percent 
reduction in the PCP concentration. Additional 
research is necessary to determine performance 
under field-scale conditions. 

Cost Data. Field-scale performance has not been 
demonstrated, although, a continuous flow 
through system has been given some design con- 
sideration. The expected cost is estimated at $6/ 
m3 waste water. 

WASTE APPLICABILITY 

This technology is applicable to the 
dehalogenation of chlorinated organic compounds 
in industrial waste water, with no restriction on 
concentration. The use of this process requires 
secondary treatment (such as biological destruc- 
tion) of dehalogenated, detoxified organic com- 
pounds. 

STATUS 

The technology is in the laboratory demonstra- 
tion phase of development. Amount of funding 
and schedule required to complete development 
is not known. Potential problems include scale 
up to industrial-scale, durability of the membrane, 
and interactions of various contaminants. 

REGULATORY CONSIDERATIONS 

United States regulatory issues restricting the use 
of this technology have not been identified. 

POTENTIAL COMMERCIAL 
APPLICATIONS 

A market survey has not been done in the United 
States, so the market potential is currently un- 
known. However, PCP contamination in waste 
water is a common problem. Specific DOE needs 
include on-site treatment of chlorinated ethylene 
contaminated soils, groundwater and soil vapor. 
The developer, TNO, is only interested in re- 
search. Once the development of the technology 
is complete, it will be transferred to TNO’s in- 
dustrial partner (unknown), who has provided 
about 2/3 of the funding. Negotiations (e.g., for 
licensing agreements) would be conducted with 
the industrial partner. 

BASELINE TECHNOLOGY 

This technology may be compared with carbon 
filtration, oxidation techniques (O,, UV and other 
oxidants), high temperature catalytic 
hydrogenolysis, and bacterial techniques. This 
electrochemical process produces a less toxic 
compound which can be eliminated using stan- 
dard biological treatment methods. The most 
commonly used alternative methods (e.g., carbon 
filtration) rely on concentration processes which 
do not eliminate the contaminants, where as other 
alternatives (e.g., oxidation and biological meth- 
ods) are generally not as effective. Estimated costs 
for the technology are simjlar to alternative meth- 
ods such as carbon filtration although life cycle 
costs may be less since the toxicity of the waste 
water is reduced and the disposal costs could pre- 
sumably be less. 
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INTELLECTUAL PROPERTY 
RIGHTS 

No patents are pending. 

FOR MORE INFORMATION 

ITES REPRESENTATIVE 
SCOTT HITCHCOCK 
Golder Federal Services, Inc. 
2201 Buena Vista Drive, SE, Suite 304 
Albuquerque, NM 87106 USA 
(505) 242-4308; FAX (505) 242-4768 

TECHNOLOGY DEVELOPER 
DR. IR. D. SCHMAL 
TNO Institute of Environmental Sciences 
Schoemakerstraat 97 
P.O. Box 6011 
2600 JA Delft 
The Netherlands 
Tel: (31) 15-696022, FAX (31) 15-616812 
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ELECTRO-RECLAMATION 

Geokinetics 
The Netherlands 

DESCRIPTION 

Electro-reclamation employs one or more elec- 
trode array@) which, when electrically charged, 
cause one (or several) of the following effects: 

Electro-osmosis: the movement of soil moisture 
or groundwater from the anode (+) to the cathode 
(-1, 

Electrophoresis: the movement of soil particles 
within the soil moisture or groundwater, 

Electrolysis: the movement of ions and ion com- 
plexes within the soil moisture or groundwater. 

The core of an electrokinetical installation con- 

sists of the electrode array(s) and their housing. 
For in situ applications, the electrode array(s) can 
be installed at any depth, either vertically or hori- 
zontally. The cathode and anode housings form 
two separate circulation systems fded with dif- 
ferent chemical solutions. These housings are 
specially prepared, electrically inert, filter pipes 
that allow the contaminated groundwater to mix 
freely with the solutions, which in turn capture 
the pollutants (e.g., heavy metals) and concen- 
trate them in situ. The solutions are in a continu- 
ous circulation system that is connected to the 
surface treatment facility, although loss of solu- 
tion into the ground may be an issue. The ground- 
water (and anodelcathode solution) treatment sys- 
tem is installed in the surface treatment facility 
together with the solution tanks, measuring de- 

Schematic 
representation of an 
ER installation 

el of zinc contamination 

2000<Zn<4000 ppm 

150<Zn<2000 ppm 
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vices and monitoring devices (see section 5 for 
schematic diagram). After treatment to remove 
the contaminants and recharge the solutions, the 
solutions are recirculated through the anodekath- 
ode housings. Electrical energy is supplied ex- 
ternally but does not need to be continuous &e., 
can be turned on at low-demand times to take 
advantage of cheaper rates). 

Electro-reclamation can be applied to both in situ 
remediation of contaminated soil (also ground- 
water) and for on- or off-site ex situ remediation 
of excavated soil, river sludge, and industrial or 
sewage sludge. For ex situ applications, a more 
permanent installation may be most effective. 

When evaluating the applicability of an in situ 
installation, the following conditions should be 
considered: 

contaminants should be' soluble at pH 4-5, 
0 soil should not contain conductive objects or 

insulating objects, and 
the contamination should not occur as concre- 
tions (e.g., paint residue). 

If these conditions are not satisfied, the contami- 
nated material can be pretreated to improve the 
result but such pretreatment may require excava- 
tion. Pretreatment can consists of: 

sieving, sorting and homogenizing the soil, 
mixing the soil with organic or inorganic acid 

treatment of the soil to neutralize pH. 
or with complexing agents, or 

Depending on the availability of electrical power, 
the pretreated material can then be remediated ex 
situ either: 

The advantage of the latter is that it allows for 
almost immediate intervention when deviations 
in the process occur, resulting in more efficient 
control of the electro-reclamation process. 

Electro-reclamation can also be used to create 
electrically charged subsurface barriers (i.e., sub- 
surface fencing). These subsurface barriers could 
be installed at sites polluted, for example, by leak- 
age from storage tanks, spilling during industrial 
processes, leaching of agricultural lands, landfills, 
and mine tailings. Currently, this is only a con- 
ceptual application and no demonstrations have 
yet occurred. It is important to note that such a 
barrier would not only contain but remediate as 
well. The contaminants to be contained can be: 
organic or inorganic or both; electrically charged 
or neutral; and soluble, insoluble, colloidal or 
suspended in water (Lageman, et al., 1993). 

An electrical power source must be supplied. In 
the ex situ application, the excavated soil can be 
mixed with an acidified solution to enhance per- 
formance; in this case, tilling/mixing equipment 
is needed. Excavatioddrilling is required for in- 
stallation of the electrode array(s). Space is 
needed for the surface facility. The treated solu- 
tion (i.e., the concentrated contaminant) must be 
disposed of. 

The candidate technology would replace other in 
situ or ex situ remediation methods (e.g., pump 
and treat), and would require disposal of the con- 
centrated contaminants. As a barrier, the technol- 
ogy would supplement other remediation meth- 
ods. 

TECHNICAL PERFORMANCE 

Table 1 lists results published by Lageman, et al., 
(1989), on a variety of electro-reclamation labo- 
ratory tests, from which several inferences can 
be drawn. For example, it appears that the electro- 
reclamation process is less efficient for some 
metals, such as Pb and Hg (generally e 75%), than 

in deDot: large volumes during long time peri- 
ods, using a relatively low energy supply, or 
in batch installation: small volumes during short 
periods using a relatively high energy supply. 
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others, such as Cd, Ni, Zu (generally > 80%). AI- 
though the overall performance of this technol- . 

ogy may fall short of U.S. cleanup standards, in 
certain soil types (e.g., clay) it could be the only 
viable alternative to landfds. With appropriate 
pretreatment, the removal efficiencies can be im- 
proved. 

Table 1. Results of Electro-Reclamation Labora- 
tory Tests (Lageman, et al., 1989). 

Tables 2 and 3 are the published results of electro- 
reclamation in several field tests (Lageman, et al., 
1989). Table 2 contains the results of the first 
field test, held at a former paint factory in The 
Netherlands. This site was along the side of a 
water filled ditch bordered by sediments dredged 
from the ditch. The sediment was contaminated 
with heavy metals (e.g., Pb and Cu) from paint 
residuary and was 20-50 cm in height, 70 meters 
long and 3 meters wide. Underlying the dredg- 
ing spoils was a peat soil contaminated by leach- 
ing of the heavy metals from the dredgings. This 

- first field test was conducted for 430 hours, after 
which the changes in heavy metal concentrations 
were measured at 20 locations varying in depth 
(10,20,30,40 and 50 cm). The values in Table 2 
are some of the results for Pb and Cu within the 
underlying peat soil (sampled at depths of 30-40 
cm), and are the only results published for this 

case (Lageman, et al. 1989). In general, these 
results support the observations made from the 
laboratory test showing a substantial decrease in 
the concentrations of heavy metals with a great 
deal of variability in the performance over the area 
sampled. 

Table 2. Electro-Reclamation, Field Results, site 
1 (Lageman, et al., 1989). 

Table 3. Electro-Reclamation, Field Results, site 
2 (Lageman, et al., 1989). 

Table 3 lists the results of a second field test, per- 
formed at a galvanizing plant in The Netherlands. 
An area 15 meters long, 6 meters wide and 1 meter 
deep was selected for this test. The soil was a 
sandy clay contaminated with Zn to a depth of 40 
cm. In the upper 10 cm the average pretreatment 
Zn concentration was 3000 ppm and at 40 cm the 
concentration averaged 500 ppm. Lageman, et 
al., (1989), indicates that two horizontal cathode 
drains were placed at a depth of 50 cm and were 
installed along the length of the site. In addition, 
Lageman specifies that 33 1-meter long anodes 
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were placed horizontally at a 1.5 meter spacing 
(in three rows). The anode to cathode spacing was 
also 1.5 meters. The test ran for eight weeks and 
was monitored at 12 sampling locations, each 
sampled at 10,30 and 50 cm. Results for the 30 
cm interval are presented in Table 3 and, as shown, 
the removal of Zn is limited. The low Zn mobil- 
ity in this case was attributed to the high buffer- 
ing capacity of the soil caused by the presence of 
NH, and NH4C1 (remnants of the galvanizing pro- 
cess). 

The first “official” electro-reclamation remedial 
action took place from January - May 1989 at the 
site of a former timber impregnation plant in The 
Netherlands. Two hundred and fifty cubic meters 
(250 m3) of heavy clay soil were polluted with 
arsenic (As) at concentrations averaging 115 ppm. 
The contaminated clay was up to 2 meters thick 
over an irregular shaped area. Described as two 
adjacent sections, the contaminated area measured 
10 meters long, 5 meters wide and 1 meter deep 
in the first area and the adjacent area measured 
10 meters long, 10 meters wide and 2 meters deep 
(see Figure 1). 

Three pairs of cathodes were installed, the dis- 
tance along each pair was 24 meters and each of 
these pairs was 3 meters apart. Fourteen anodes 
were placed between the cathode pairs along their 
24 meter length. A fourth pair of cathodes spaced 
15 meters apart made up the last row with eight 
anodes along this line (see Figure 1). In all cases, 
the anodes were spaced 1.5 meters apart. 

What makes this case interesting is not the per- 
formance of the remediation, which was similar 
to the previous demonstrations (summarized in 
Table 4), but that there was an anomalous region 
over which the As concentration would not ap- 
preciably decrease (see right side of Figure 1). 

.- 

Table 4. Results of the fust “Official” Electro- 
Reclamation Remedial Action (Lageman, et 
al.,1993). 

Figure 1. Pre- and Post Treatment Arsenic-Con- 
centrations at Remedial Action Site (Lageman, et. 
al., 1993). 

I 

It became apparent that this region would not re- 
spond to the electro-reclamation process and was 
subsequently excavated and treated off site. Dur- 
ing the excavation, many metal objects such as 
barrels and iron re-bar (in concrete) were discov- 
ered. It was apparent that these objects functioned 
as preferential flow paths for the electrical cur- 
rent thereby impeding the remediation of the soil 
in their vicinity. This was not anticipated and, 
had it been known in advance, these objects would 
have been removed before the remediation was 
conducted. 

It is apparent from these examples that the electro- 
reclamation process has the potential to remediate 
heavy metals in some of the most difficult prob- 
lem areas, including those with clay based soils. 
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However, an accurate and complete site charac- 
terization would be necessary to determine the 
applicability, and predict the success, of any in 
situ electro-reclamation project. 

LimiWbm. From the charts and discussions pre- 
sented in Lageman; et al., (1989,1993), it is clear 
that the performance of in situ electro-reclama- 
tion is variable and is dependent upon many fac- 
tors, including: 

pH of the contaminated material (contaminants 
should be soluble and at a pH compatible ~~ ~ with 
the circulating So~ution); 
type of heavy metal; 
physical soil characteristics (permeability, po- 
rosity,resistivity, moisture content); 
presence and distribution of highly conductive 
material (e.g., buried metal containers) that act 
as preferential flow paths; 
presence and distribution of insulating materi- 
als (e.g., buried wooden beams) that restrict 
the flow of current; 
distribution of the contaminant (i.e., locally 
high concentrations or concretions of the pol- 
lutants can decrease the performance). 

~- 
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problems can be largely mitigated by soil pretreat- 
ment or by performing the process ex situ fol- 
lowing sieving and/or other pretreatment steps. 
However, the presence of these limitations on the 
in situ applications stresses the need for accurate 
and complete site characterization to determine 
the applicability, and predicting the success of an 
in situ electro-reclamation project. The alterna- 
tive process, ex situ electro-reclamation, may be 
more feasible andmore cost effective in some 
cases. 

I 

It should be noted that the process is nonselec- 
tive. For example, it will remove large amounts 
of all ionic metals in solution, including those oc- 
curring naturally (e.g., calcium). This may in- 

hibit performance and result in high treatment 
costs, and may cause some amount of subsidence 
as a side effect. 

Cost & Schedule Re/Implementation. Figure 2 
shows the typical decrease in cost (US$/ton) of 
the electro-reclamation process as the duration of 
the remediation is increased (and the energy level 
decreased). 

Figure 2. Electro-reclamation cost ($/ton) per time 
period (days) (Lageman, 1993). 

Dimenstion500mx lOOmx 1 m 
Pretreatment weight of soil: 90.000 tons 
Distance between cathode and anode series: 10 m 
Distance between anodes: 10 m 
Soil resistivity: 10 ohm 

Figure 3 shows the typical decrease in cost (US$/ 
ton) of the electro-reclamation process as the soil 
resistivity increases for the same application, with 
a duration of 60 days. 

It is clear from these two examples that the dura- 
tion of the remediation and the soil resistivity, in 
conjunction with the layout, determine the power 
requirements (and thus cost) to achieve specific 
performance efficiencies. 
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Figure 3. Electro-reclamation Cost (US$/ton) 
versus soil Resistivity (ohm). 

Figure 4. Elecro-reclamation Field Unit 
(Lageman, et al., 1989) 

--D- 

im , I 

Safety Reflmplementation. The electrical cur- 
rent used in this process is high but the potential 
is low so there is really no high voltage danger. 
The developer indicates that there are no unusual 
safety concerns, although the process may result 
in uncontrolled gas emissions (e.g., 5s). 
WASTE APPLICABILITY 

Principal application is in situ or ex situ waste 
treatment of soil (including clay soils) and/or 
groundwater contaminated with heavy metals (in- 
cluding radionuclides). Secondary application is 
containment of a wide variety of subsurface con- 
taminants. 

Figure 5. Some Conceptual Applications of In 
Situ Electro-fencing (Lageman, Et. al., 1989) 

I I 

The technology is applicable to treatment of heavy 
metals in liquids and solids, with certain limita- 
tions (e.g., no concretions). Specific applications 
include: clay, peat and fine argillaceous sand pol- 
luted with As, Cd, Co, Cr, Cu, Hg, Mi,  Mo, Ni, 
Pb, Sb, and Zn. Other combinations of soils and 
pollutants (including radionuclides, especially 
ionic and in solution) may be feasible. The tech- 
nology is also applicable to containment of a wide 
variety of contaminants. There are no limit on 

depth or volume of waste. Typically, the process 
remediates about 2,500m3 for a single installation 
but multiple installations are possible at a single 
site. 

As discussed in the Technical Performance sec- 
tion (limitations), alkali soils and the presence of 
anomalous materials cause some problems, which 
can be largely mitigated by soil pretreatment or 
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by performing the process ex situ following siev- 
ing and/or other pretreatment steps. The process 
is most applicable to low permeability soils. The 
proposed application of an electro-fencing sub- 
surface barrier has not yet been demonstrated. 

STATUS 

Commercially available and demonstrated at sev- 
eral sites with published results on remediation 
projects for heavy metals (see below). This has 
not been demonstrated for radionuclides or con- 
taminants other than heavy metals. 

Development is complete for the remedial appli- 
cations but the application to radionuclides and 
contaminants other than heavy metal, as well as 
the application of an electro-fencing subsurface 
barrier must be demonstrated. No problems are 
anticipated. 

PREVIOUS APPLICATION 
(REFERENCES): 

Electro-osmosis has been used effectively for 
many years to speed consolidation of clay soils 
for civil engineering purposes. In part, this is a 
different application of that process. Lageman, 
et al., (1993), provides several examples of com- 
pleted applications, which are summarized in the 
following tables. 

I In snr d c f t l w d m a h  00 'Lnppcmun" 
119x9 
1 K w t  B.V. and municioalitv of Looousum The 

2 phases. 
leaeth Wm. width 2Om depth 1.4m 
Zn. Cu. Pb. Cd. Cr. Ni 

Size: 
Typc of contaminants: 

1. Post remedial concentrations not published, these may be avail- 
able form the developer. 

REGULATORY CONSIDERATIONS 

It is not clear that electro-reclamation will 
remediate to U.S. standards, but in some cases it 
may be acceptable. This technology has been 
demonstrated to remediate at a level that meets 
Dutch standards. InstitutionaWublic acceptance 
should not be a problem. 

POTENTIAL COMMERCIAL 
APPLICATIONS 

DOE needs include: in situ, as well as ex situ waste 
treatment for clay soils contaminated with heavy 
metals (possibly including radionuclides) at vari- 
ous sites; and subsurface barriers at various sites 
to minimize transport and enhance cleanup efforts. 
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‘The non-DOE market should be very large as 
heavy metals are a wide spread problem. In ad- 
dition, there are few in situ technologies which 
are effective in clay soils, and there is a large need 
for effective and inexpensive barrier. There is a 
U.S. patent. 

BASELINE TECHNOLOGY 

Currently, clay soils contaminated with heavy 
metals are excavated and stored in a landfill. If 
radionuclides are present, the soil may have to be 
treated first (e.g., leaching) to remove them. In 
more permeable soils, pump and treat is the 
baseline. Grout barriers (including slurry walls) 
are baseline for containment. 

Electro-reclamation appears to be the only viable 
technique available for in situ remediation of low 
permeability clay soils containing heavy metals. 
The technology should be cheaper, safer, and more 
acceptable, although slower, than excavation and 
disposal. In more permeable soils, it is probably 
not cheaper or faster than pump and treat. As a 
subsurface barrier, it is probably cheaper in the 
short-term and more expensive in the long-term, 
but has the benefit of remediating as part of the 
same effort. 

INTELLECTUAL PROPERTY 
RIGHTS 

The extent of foreign government investment in 
the development of the technology is unknown. 
There are pending patents in Canada. It was dif- 
ficult for the developer to acquire a patent in the 
U.S. because of similarities with research on this 
technology being done at MIT and M U  (ref. per- 
sonal contact with developer). There is no indi- 
cation that these research groups have a commer- 
cially competitive product; however, continued 
research in the US. may result in the develop- 
ment of a similar technology provided by a U.S. 
vendor. 

This technology is patented in the EC with an 
extended patent that covers some non-member 
European countries, as well. This is also patented 
in the U.S. 

FOR MORE INFORMATION 

ITES REPRESENTATIVE 
SCOTT HITCHCOCK 
Golder Federal Services, Inc. 
2201 Buena Vista Drive, SE, Suite 304 
Albuquerque, NM 87106 USA 
(505) 242-4308; FAX (505) 242-4768 

TECHNOLOGY DEVELOPER 
GEOKINETICS 
STEENOVEN 2-6 
Postbus 151 
Tricht, The Netherlands 4190CD 
Tel: 31-3-455-79211, Fax: 31-3-455-79315 
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EX SITU BIORElW3DIATION OF HEAVY llMETALS 
USING SULFATE REDUCING BACTERIA 

Paques B. V. 
The Netherlands 

~ ~~~~ ~~~ ~~~ ~ 

DESCRIPTION 

Principle application of this technology is for the 
ex situ remediation of groundwater contaminated 
with both heavy metals and sulfates. No second- 
ary applications have been identified. This tech- 

proximately 200 gallons per minute (Bonkoski, 
pers. comm). 

2. The contaminated water is then pumped to a 
mixing tank where nutrients such as J&PO, and 
NaOH are added to aid the biological process 

Groundwetar Contaninatad 
with haaw melds and aullids 
w o o  nul IO the SFF Rsssto- 

Groundwater C M m ’ M t I  
wilh haavy mstalo and 
90.1 into UASB--)  

Active Biolooicol 
Sludge Bad 

-. 

Figure 1. Schematic for Biological Treatment of Groundwater Contaminated with Heavy Metals. 

nology uses sulfate reducing bacteriain a process 
to simultaneously remove sulfate and heavy met- 
als from contaminated groundwater. This pro- 
cess includes the following steps (Figure 1): 

1. Groundwater contaminated with heavy metals 
and sulfate is pumped from the subsurface into 
a buffer tank. This buffer tank facilitates regu- 
lation of the flow rate through the plant, ap- ! 

in future steps. Ethanol is also mixed with the 
influent and will act as the electron donodsub- 
strate in the sulfate reduction reaction. 

3.The groundwater then enters an Upflow 
Anaerobic Sludge Blanket (UASB) reactor 
(Figure Z), where the sulfate is reduced to sul- 
fide by sulfate reducing bacteria. The reactor 
consists of the following parts: 



0 

0 

8 

An influent system which is designed to spread 
the incoming water evenly over the active bio- 
logical bed. The hydraulic capacity of the in- 
fluent system is such that the sludge bed is 
gently mixed to avoid the channeling problems 
of a compact sludge. Mixing is also improved 
by the gas bubbles that are produced. 
A reaction chamber where the bacteria convert 
sulfate to sulflide (including metal sulfides). 
Additionally, ethanol is partly converted to ac- 
etate, which is then converted to methane and 
carbon dioxide by methanogens. For shortresi- 
dence times to be achieved bacteria must at- 
tach to the sludge blanket. 
A three-phase separator is located at the top of 
the reactor. It is comprised of three levels of 
V-shaped hoods. The gas produced in the re- 
actor is trapped by these hoods. The separator 
is located below the surface of the water and, 
after sufficient pressure has built up, the gas is 
released. 

4.The byproduct gases (CO,, H2S, CHJ are 
vented to a scrubber where the CO, and €$S 

are removed followed by flaring of CH, (meth- 
me). 

. 

5. The effluent from the UASB is transferred to a 
Submerged Fixed-Film (SFF) reactor where 
sulfide oxidation occus. This step removes 
excess sulfide (HS-, TS)  produced in the 
UASB. The SFF reactor consists of a water- 
inlet system at the bottom, a reaction' cham- 
ber, and an air-inlet system. In this reactor, 
aerobic bacteria convert sulfide to elemental 
sulfur by oxidation. 

6. Following sulfide oxidation in the SE, the pro- 
cess water flows into a tilted-plate settler were 
solids such as sulfur and metal sulfides are 
collected. 

7. As a final polishing step, the process stream 
flows through a sand frlter that strips off any 
remaining solids. 

An appropriately designed and implemented sys- 
tem of withdrawal wells is needed to provide an 

C 5  ,$ S.d(U4CH _oultoSuubbu \ !  

t 

-~ ~ 

Figure 2. Detail of UASB and SFF Reactors. 
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' adequate inflow rate to the process plant. Facili- 
ties for the removal and disposal of the recovered 
materials (sulfur and metal sulfides) are required. 
The technology could be incorporated with con- 
ventional pump and treat methods. 

mates and efficiencies of the commercial scale 
plant are unavailable. However, results of the 
commercial plant were presented in the proceed- 
ings of the Zinc Conference in Australia in Octo- 
ber 1993. 

TECHNICAL PERFORMANCE 

The Budelco zinc refmery at Budel-Dorplein, The 
Netherlands, is presently the only site where this 
process has been demonstrated on a commercial 
scale. The groundwater at the site was contami- 
nated with high concentrations of heavy metals 
and sulfate resulting from approximately 100 
years of active zinc refinery activities.' The zinc 
and cadmium concentrations were as high as 200 
and 0.2 mgA, respectively. Published results from 
the pilot plant at Budel-Dorplein show that the 
process is very effective at removing Zn, Cd, Fe, 
Pb, Cu, Co, and Ni (Table 1). 

Table 1. Average influent and Effluent Concen- 
trations for UASB Reactor (Scheeren, 1992). 

Limitations. Process requires efficient recovery 
of contaminated groundwater. May not work if 
contaminants are sorbed or coupled with forma- 
tion material. 

Cost & Schedule Re/.Implementution. The oper- 
ating cost of the plant is related in large part to 
the amount of ethanol used in the bioreactor. The 
zinc is-reprocessed in the refinery and thus helps 
to offset some-ofthe cost. ~ Specific cost esti- 

Safety Rehplementution. Part of the plant is 
treated as an explosive zone because of the type 
of gas produced. Equipment is supported by com- 
puter safeguards that monitor process parameters. 
In case of major deviations from parameter set 
points the computer will intervene to maintain 
safety. 

WASTE APPLICABILITY 

Application is designed for groundwater contami- 
nated with both heavy metals and sulfates. Typi- 
cal sites would involve metal r e f i g .  Process 
requires efficient recovery of contaminated 
groundwater. May not work if contaminants are 
sorbed or coupled with formation material. 

STATUS 

This technology is mature and has been demon- 
strated at the Budelco zinc refinery, Budel- 
Dorplein, The Netherlands. A commercial scale 
plant was put on-line in May 1992 at this site and 
has successfully treated heavy metal and sulfate 
contaminated groundwater to comply with Dutch 
environmental standards. 

Background & Previous Application (refer- 
ences). As stated in previous sections, the Budelco 
zinc refinery at Budel-Dorplein, The Netherlands, 
is presently the only site where this process has 
been applied on a commercial scale. Approxi- 
mately 5000 m3/day are processed at the plant. 
Table 2 summarizes the process parameters at the 
plant. 
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Table 2. Design Parameters for Commercial-Scale 
SRB Plant. 

BASELINE TECHNOLOGY 

Pump and treat technologies are commonly used 
to remediate heavy metal contamination in 

Influent flow, m3/h 
Temperature, "C 
Residence time in USAB, h 
Residence time in SFF, h 
Residence 'time in tilted-plate settler, 
h 
Filter surface area, m2 
Flow through 1 m2 of filter, m3lh 

300 
25 
6 
0.55 
0.4 

30 
1 0  

Budelco reports (Scheeren, 1993) that the system 
is performing according to design goals. Waste 
stream solids consists of approximately 90 per- 
cent zinc sulfide (ZnSO,) and 10 percent organic 
metals. 

REGULATORY CONSIDERATIONS 

groundwater, using chemical processing to re- 
move contaminants. Soil washing can be used if 
heavy metals and sulfates are sorbed on soil par- 
ticles. This process may be cheaper and more 
efficient than physical and chemical remediation, 
if the sulfate reducing bacteria can be maintained 
at sufficient levels. 

INTELLECTUAL PROPERTY 
RIGHTS 

Paques B.V. holds a patent for the UASB reactor. 
Additional -patents are held by Shell's 
Sittingbourne Research Centre (SRC) in the 
United Kingdom. This technology is patented 
in the EC. Patent status in other countries is un- 
known. 

None known. 
FOR-MORE-INF'ORM;A-TION - 

POI'ENTIAL COMMERCIAL 
APPLICATIONS 

Commercial applications would include industries 
which require ex situ treatment of groundwater 
contaminated with both heavy metals and sulfate. 
No assessment is currently available. May be 
applicable in states that contain large or numer- 
ous metal refineries. 

Several parts of the process train involve patented 
products. The Upflow Anaerobic Sludge Blan- 
ket (UASB) is patented by Paques, a Dutch com- 
pany with experience in anaerobic water treatment 
systems,the trade name is "BIOPAQ". Shell's 
Sittingbourne Research Centre (SRC) in the 
United Kingdom hold patents on the other com- 
ponents. 

ITES REPRESENTATIVE 
SCOTT HITCHCOCK 
Golder Federal Services, Inc. 
2201 Buena Vista Drive, SE, Suite 304 
Albuquerque, NM 87106 USA 
(505) 242-4308; FAX (505) 242-4768 

TECHNOLOGY DEVELOPER 
C. J.N. BUISMAN 
Research Manager 
Paques B.V. 
T. de Boerstraat 11 

The Netherlands 
Tel.: 31 5140 3441, Fax: 31 5140 3342 

Postbus 52 - 8560 AB Balk 
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P.J.H. SCHEEREN OR R.O. KOCH 
Budelco BV 
Hoofdstraat 1 
6024 AA Budel-Dorplein 
The Netherlands 
Tel.: 3 1-4950-1291 1 
US Contact name, organization, d r e s s ,  tele- 
phone and fax numbers: 

WILLIAM BONKOSKI 
Paques Inc. 
486 Thomas Jones Way, Suite 100 
Exton, PA 19341 
Tel: (215) 363-9564, Fax: (215) 363-9554 
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EX SITU EXTRACTION OF ORGANIC BROMINE 
COMPOUNDS FROM SOILS USING NaOH 

TNO and HWZ Bodemsamering 
The Netherlands 

DESCRIPTION 

Ex situ physical/chemical extraction of organic 
bromine compounds (or perhaps other haloge- 
nated VOCs) from soils using NaOH. The ex- 
traction of organic bromine compounds using 
NaOH solution consists of the following process 
steps: 

1. Soil pretreatment to separate large objects (e.g., 
stones) and reduce the size of large pieces of 
consolidated soil (crushing and wet sieving). 

2. Intimate mixing of soil with extracting agent 
(approximately 0.2 percent NaOH solution); 
the soil-to-water ratio is about’3 to 1 on a 
weight basis. 

3. Extraction and washing of the soil with clean 
extracting agent in counter-current flow in two 
modified in line screw classifiers. 

4. Dewatering of soil before redeposition. The 
remaining alkalinity of the soil will be largely 
neutralized by absorption of CO, from the am- 
bient air. 

5. The 0vefflo.w of the first modified screw clas- 
sifier is passed through a settling tank to col- 
lect fine mineral particles entrained in the ex- 
tracting liquid. The particles that settle have 

~ ~~~ 

The sludge formed can be separated in a tiltable 
plate separator. 

7. Dewatehg of the sludge in a solid bowl cen- 
trifuge with scroll discharge. 

8. Effluent polishing by deep bed fdtration, acti- 
vated-carbon adsorption, and finally anion 
exchange to remove any bromides formed by 
hydrolysis. The cleaned extracting agent can 
be recycled to the extraction process in the 
screw classifiers. 

9. HCl neutralization. 

Equipment necessary for excavation of the con- 
taminated soil and transportation to the pretreat- 
ment facility will have to be provided. The pre- 
treatment process will require a conveyer system, 
sieves, andor other separation equipment. Aside 
from the screw classifiers, several tanks and con- 
veyance systems will be needed for the mixing, 
washing, and settling phases of the remediation 
process. For nearly all aspects of the processing, 
ample supplies of water, air, and electricity must 
be available. Provisions must also be made for 
monitoring/sampling of the remediation process 
to determine when acceptable levels have been 
met. Furthermore, a means for the disposal of 
the waste sludge and spent activated carbon fil- 
ters must be provided. This technology may re- 

diameters between approximately 35 mm and 
60 mm (approximately 1 percent of the total 
soil). This mate& is collected from time to 
time and washed separately with a NaOH so- 
lution. 

place or improve other ex situ physicalkhemical 
extraction technologies. 

TECHNICAL PERFORMANCE 

Experiments showed that it is possible to remove 
the bromine compounds from the soil down to a 
level of 1 mg Brkg or less. The cleaned extract- 

6. Sludge is formed in the effluent by adding lime 
as coagulant and polyelectrolyte as flocculant. 
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Figure 1. Process Schematic of the Proposed On-site Treatment Installation for Removing Organic 
Bromine Compounds. 

Cost & schedule re/implementation. 

No information is available on the costs of this 
process. 

ing agent contains less than approximately 0.6 mg 
Br/kg, the main part of which is bromide (Nunno, 
1989). The waste sludge produced contains al- 
most all the humus-like substances: very fine 
mineral particles (40 mm) and a high concentra- 
tion of bromine compounds. The amount of 
sludge produced is about 5 percent of the total 
amount of the contaminated soil, owing to the high 

Safety re/implementation. No hazards known. 

WASTE APPLICABILITY 

water content of the dewatered sludge (Nunno, 
1989). The effluent polishing step produces small 
amounts of spent activated carbon (approximately 
1 liter per ton of soil), and some regeneration liq- 
uid of the anion exchanger, approximately 13 li- 
ters per ton of soil (Nunno, 1989). 

This technology is applicable to soils contami- 
nated with organic bromine compounds. The con- 
taminated soil should not contain more than a to- 
tal of about 30 percent fines and organic materi- 
d s  by weight. 

STATUS Limitations. No available information on limita- 
tions. However, the successful application of any 
physical/chemical extraction process depends 
strongly on the ability of the extracting agent 
(NaOH) to disperse the extremely fine particles. 

Experiments were conducted on a bench-scale and 
a pilot plant scale. An on-site treatment installa- 
tion was designed based on the data. It is not 
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known whether the process has been applied in a 
full-scale environment. However, experiments 
indicated that successful remediation using this 
process is highly probable. Contact TNO for fur- 
ther information. 

REGULATORY CONSIDERATIONS 

None known. 

POTENTIAL COMMERCIAL 
APPLICATIONS 

Potential commercial applications include indus- 
tries which would require the destruction of or- 
ganics from complex concentrated wastes. The 
commercial market is potentially very large, de- 
pending on the relative importance or occurrence 
of organic bromide contamination in the relevant 
commercial industries. A market survey was not 
performed. 

BASELINE TECHNOLOGY 

The baseline technologies are pump and treat, soil 
washing, and thermal treatment remediation tech- 
nologies. This technology is more expensive than 
simple pump and treat methods; however, the 
remediation process is more complete and not lim- 
ited to relatively permeable materials. On the 
other hand, thermal processes are likely more 
expensive than the proposed technology, and are 
likely even more complete. The proposed tech- 
nology is most comparable to soil washing, yet 
more enhanced. Therefore, depending on the rela- 
tive costs associated with the process materials 
and the duration of remediation, the proposed 
technology may either be cheaper or more expen- 
sive. 

FOR MORE INFORMATION 

ITES REPRESENTATIVE 
SCOTT HITCHCOCK 
Golder Federal Services, Inc. 
2201 Buena Vista Drive, SE, Suite 304 
Albuquerque, Nh4 87106 USA 
(505) 242-4308; FAX (505) 242-4768 

TECHNOLOGY DEVELOPER 
RULJCENS 
HWZ Bodemsamering 
Vanadiumweg 5 
38 12 PX Amersfoort 
The Netherlands 
Tel: 3 1-33-622-999, Fax: 3 1-33-083-80-34648 

ASSINK, & VAN GEMERT 
TNO 
P.O. Box 214 
2600 AE Delft 
The Netherlands 
Tel: 31-15-69-6022, Fax: 31-15-61-6812 
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INTELLECTUAL PROPERTY 
RIGHTS 

None known. 
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IN SITU REMOVAL OF CADMIUM AND ON-SITE 
TREATMENT BY 'ION=EXCHANGE 

T A W  Milieu BV and MORIK BV 
The Netherlands . 

The principal-application is in situ remediation 
of soils contaminated with cadmium (Cd) and 
other heavymetals. This process consists of two 
principal steps. In the fust step, Cd is desorbed 
from the soil by in situ leaching with hydrochlo- 
ric acid (HCL, mol, pH = 3.5). A system of 
horizontal drains (10 cm dia.) recovers the perco- 
late which is then pumped through vertical wells 
to the surface. 

~ 

In the second step, a surface water treatment sys- 
tem uses a Rohm and Haas IMAC GT-73 resin 
which, through sorption (ion exchange), removes 
the Cd from the groundwater and concentrates it 
in the resin. The ion exchange system consists of 
five filters containing 3 m3 of resin each. The 
filters are arranged in two parallel series, each 
containing two fdters. Apolishing fdter contain- 
ing 1 m3 of resin is used in a final step of Cd re- 
moval. The fifth filter is held in stand-by and is 
used during regeneration. 

The regeneration of the ion exchange resin is per- 
formed with upflow flushing of 5 percent hydro- 
chloric acid, followed by flushing with fresh wa- 
ter. The hydrochloric acid is then discharged to 
an industrial cleaner (precipitation and ion-ex- 
change). The regeneration of the resins yields a 
CdCl solution that must be further treated off-site 
or removed to a controlled waste dump (Urlings, 
1993). The cleaned acidic water is then infiltrated 
again into the polluted soil. 

and soil scientists to develop an effective reme- 
dial plan. Implementation will require drilling 
contractor i i d  associated surface treatment facili- 
ties. Must be coupled with a containment tech- 
nology to control mobility of contaminants dur- 
ing the leaching process. Must provide for dis- 
posal of CdCl solution. 

TECHNICAL PERFORMANCE 

This technology has been successfully demon- 
strated at a photo-paper producing-plant in the 
province of Utrecht, The Netherlands. In this 
application, the soil was characterized as fine to 
coarse sandy soil with a very low adsorption ca- 
pacity. The concentration of Cd in the soil was 
reduced to 1 mgkg (the detection limit) in 90 
percent of the soil samples. A total of approxi- 
mately 400 kg Cd was removed fiom the soil. 
Figure 1 (Urlings, 1989) shows the Cd concen- 
tration in one of five areas remediated at this site. 
The site was divided into five zones based on the 
capacity of the groundwater treatment installation 
(approximately 250 m3h) and the hydraulic prop- 
erties of the soil. 

The water treatment process operated to design 
criteria; however, the pH, and Ca-, AI- concen- 
trations in the influent must be carefully controlled 
to optimize the efficiency of the ion exchange 
process. Levels of pH greater than 5.5 resulted in 
flocculation, while at low pH levels (4.0) the 
pH of the resin decreased. The average removal 
efficiency from the influent was estimated to be 
about 96 percent. 

Urlings, et al. (1993) stressed the importance of 
close interaction between the hydrologist, envi- 
ronmental engineers, water treatment engineers ; > 
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Figure 1. Cd concentration in one of five areas remediated at photo-paper producing plant in the 
province of Utrecht, The Netherlands. 

Initially, freezing of the in situ installation during 
winter was an issue of concern. However, a com- 
bination of a mild winter and the thermal mass of 
the earth prevented in situ freezing. 

Lim&ziions. Several limiting factors were found 
during previous applications of this technology. 
It was discovered that: 

the escape of air from the soil limited the dis- 
charge flow rate of groundwater which in- 
creased the start-up time; 

0 minor low permeability lenses within the soil 
were shown to inhibit the infiltration and there- 
fore prevent adequate circulation; 
it may be more efficient to excavate these low 
permeability areas; 
during the water treatment process, the pH, the 
Ca- and the AI- concentrations need to be care- 
fully controlled to maximize the exchange of 
Cd with ions in the resin; and 

the mobilization of the heavy metals during this 
process must be carefully contained by aprop- 
erly designed drain and well field, since an 
inadequate design could lead to contamination 
of surrounding areas. 

Cost & Schedule Reflmplernentation. This pro- 
cess was estimated to be approximately 20 per- 
cent less expensive than conventional soil wash- 
ing. A site with the following characteristics 
would cost US$83/m3 (Urlings, 1993): 

volume of contaminated soil 30,000 m3 over 
an area of 6,000 m2; 
soil characterized as middle fme to middle 
coarse sand soil; and 
soil has generally low adsorption capacity. 

In addition, the resin's commercial value is quite 
high and can be sold after the remedial action. 
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. Schematics of the technology 
Illustration of key components, or system-level flow charts: 

Permeable 
Drain 

Figure 2. Diagram of Treatment Installation. 

Figure 3. Schematic of Water Treatment Process. 
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Safety ReLlmpZementatioit. No hazards known. REGULATORY CONSIDERATIONS 

WASTE APPLICABILITY 

Can be used on many types of heavy metal in soil 
and groundwater, with no restrictions on amounts 
(Urlings, personal communication). In sub-freez- 
ing climates, the surface treatment facility should 
be covered to prevent freezing. 

STATU§ 

The process has been demonstrated on a commer- 
cial scale, and development is complete. This 
process was demonstrated at a site where the re- 
medial action covered an area of 6,000 m2 with a 
volume of 30,000 m3 and an estimated pre- 
remediation Cd concentration of 725 kg (Urlings, 
1988). Of five target areas at the site, the first 
area was successfully cleaned between August and 
December of 1987. By October 12,1987, all the 
soil samples showed Cd concentrations equal or 
less than 0 mg/kg dry soil and the C d  concentra- 
tion in the percolate was 10 micro-gramsL. At 
this point, acidification was stopped and re-neu- 
tralization of the soil was started with NaOH at a 
pH of 8.5. When the percolate Cd concentration 
of every drain was below the detection limit ( 4 0  
micro-gramsL), neutralization was stopped. 

Further development is in progress to produce a 
magnetized resin with even higher affinity to 
heavy metals. This development is still currently 
proceeding in the laboratory with a magnetized 
resin (Urlings, pers. comm.). At the demonstra- 
tion site (Urlings, 1993), the system circulated 
groundwater at approximately 250 m3/h0ur (this 
is limited by the permeability of the soil at any 
given site). 

None known. There may be some concern of 
flushing the contaminants 'in previously uncon- 
taminated aquifers. This can be addressed with 
containment technologies but the acceptance may 
be effected. Level of remediation is generally 
high which would permit subsequent uses of site. 

POTENTIAL COMMERCIAL 
APPLICATIONS 

Commercial applications would include industries 
for which in situ treatment of cadmium (and other 
heavy metals) contaminated soil or groundwater 
is required. The commercial market potential is 
unknown, but could be very large (Le., heavy 
metal contamination in soil is a common prob- 
lem). A market survey has not been conducted. 
T A W  is interested in marketing this technology 
in the United States and are willing to consider 
partnerships with U.S. companies. 

BASELINE TECHNOLOGY 

The baseline technology is soil washing (with/ 
without biochemical treatment) or acid leaching 
(without secondary treatment). This technology 
has been demonstrated at a commercial scale to 
be approximately 20 percent cheaper than soil 
washing. In one of the applications, the method 
was selected over precipitation techniques be- 
cause precipitation tends to increase the salt con- 
tent in the recirculated water. 

INTELLECTUAL PROPERTY 
RIGHTS 

None known. The process and resin are not pat- 
ented. 

This technology has been demonstrated with Cad- 
mium. Sites containing combinations of other 
heavy metals should consider a laboratory-scale 
demonstration before full-scale. 
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FOR MORE INFORMATION 

ITES REPRESENTATIIX 
SCOTT HITCHCOCK 
Golder Federal Services, Inc., 
2201 Buena Vista Drive, SE, Suite 304 
Albuquerque, NM 87106 USA 
(505) 242-4308; FAX (505) 242-4768 

TECHNOLOGY DEVELOPER 
L.G.C.M. URLINGS 
T A W  Infra Consult BV 
Handelskade 11 
Postbus 479 
7400 AL Deventer 
The Netherlands 
Tel.: 011 31-5700-00011,Fax: 011 31-570099666 

J.C. VAN WOUDENBERG 
MOURIK BV 
P.O. Box 2 
2964 ZG Groot Ammers 
The Netherlands 
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. I  IN SITU REMOVAL OF WEAK ACID BY FLUSHING 
WITH NaOH 

Delft Geotechnics and BMS Environmental Soil Systems 
The Netherlands 

DESCRIPTION 

This technology involves in situ remediation of 
highly viscous, low solubility, weak acids. The 
method is based on the principle that the disso- 
ciation (and the solubility) of a weak acid is highly 
dependent on pH. Therefore, flushing soil that is 
contamhated by a weak acid with an alkaline 
solution (instead of water) may considerably re- 
duce the remediation time. The basic steps in- 
volved in the process are to: 

alkaline solution. Potential for cross contamina- 
tion from drilling of extraction wells must also 
be considered along with compatibility of alka- 
line solution with other contaminants present. 

TECHNICALPERFORMANCE 

This remediation technology has been applied at 
a petrochemical site in The Netherlands to remove 
decanoic acid. Of an estimated 16 tons of spilled 
waste, nearly complete recovery was reported. 

1. Identifv the contaminated zone; 
2. Install groundwater extraction wells; 
3. Flush the contaminated soil with an alkaLi so- 

lution (e.g., NaOH); 
4. Pump the groundwater and the dissociated pol- 

lutant from the extraction wells into a treat- 
ment facility comprised of an acidmixing unit 
and a flotation separation system; and, 

5. Return the cleaned groundwater to the aquifer 
and properly dispose of the remaining sludge. 

A means of identifying the contaminated zone 
within the soil will be required. A driller andor 
excavator would be hired to install the extraction 
wells and pumping pit. In addition, a pumping 
and wastewater treatment facility would have to 
be installed Therefore, a supply of fresh water, 
air, and electricity will be necessary. A field moni- 
toring program should be established to evaluate 
performance and identify when an acceptable 
level of contamination has been achieved. Acti- 
vated carbon fdters (and any other process residu- 
als) will have to be disposed of properly. 

A preliminary assessment of the site hydrologic 
characteristics is required to determine the feasi- 
bility of mixing and displacing weak acid with 

Figure 1. Cummulative Amount of Removed 
Decanoic Acid (Visser, 1993). 

Extraction Well 

Figure 2. Flushing System for the Removal of 
Decanoic Acid. 
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Limitathm. As in any injectiodwithdrawal sys- 
tem, the technology will only be applicable to situ- 
ations were the contaminated soils are transmis- 
sive. 

Cost & Schedule Refimplementation. Costs es- 
timates not available. Scheduling requirements 
would be a direct function of the size of the con- 
taminated region, the number of injection and 
withdrawal wells, the hydrologic properties of the 
soil and the capacity of the water treatment facil- 
ity. 

WASTE APPLICABILITY 

The technology is applicable in remediation prob- 
lems involving weak acid contamination of rela- 
tively permeable soils. If other contaminants are 
present at the site, some additional treatment (pre 
or post) may be required. The site must be com- 
prised of relatively transmissive materials. 

above the contaminated region and mix with the 
decanoic acid. The contaminated groundwater 
was then pumped from the formation and trans- 
ferred to a treatment plant comprised of an acid 
mixing unit and a flotation separation system. The 
treated water was then returned to the groundwa- 
ter at the site. 

The circulation system started on September 28, 
1990 and ContinueduntilMay 30,1991; however, 
there was a 3 week hiatus due to equipment fail- 
ure in November 1990. During the remediation, 
the infiitration process operated 5 days a week at 
20 m3 per day of 0.25 m NaOH solution. The 
groundwater was pumped 7 days per week at 50 
m3 per day. At the end of the remediation period, 
16.8 tons of acid had been removed. Therefore, 
based on the estimated amount of the spill, it ap- 
pears as though this method completely 
remediated the contaminated soil (Visser, 1993). 

REGULATORY CONSIDERATIONS 
STATUS 

The technology has been successfully applied in 
the field for a relatively small site (Visser, 1993). 
The method has been used to remediate a decanoic 
acid spill below a storage tank (visser, 1993). The 
storage tank, located at a petrochemical site in 
The Netherlands, had been leaking for approxi- 
mately seven years. Over this time, an estimated 
16 tons of acid leaked fiom the tank contaminat- 
ing the groundwater. 

The reaction between decanoic acid (HDe) and 
an alkali solution can be represented as: 

HDe + OH- -> De- + T O  
Because of the completeness of the reaction 1 m3 
of 0.25 m NaOH solution will dissolve 43.75 kg 
of decanoic acid. 

Following the installation of 12 extraction wells 
around the leaking tank, a sodium hydroxide so- 
lution was allowed to infdtrate from the surface 

There may be concern regarding the spread of the 
contaminants through the flushing process. This 
concern can be addressed by coupling the tech- 
nology with an appropriate containment system. 

POmNTIAL COMMERCIAL 
APPLICATIONS 

Potential commercial applications are currently 
being assessed. Applications would include 
remediation of decanoic acid spills (or other weak 
acids) for commercial petrochemical companies. 
Removd of other weak acids from contaminated 
soils by the same process. 

BASELINE TECHNOLOGY 

Pump and treat methods and excavation/soil 
washing methods. The process of lowering the 
groundwater pH to increase the solubility of weak 
acid contaminants should decrease the 
remediation time compared to simple pump and 
treat technologies. 
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INTELLECTUAL ’PROPERTY 
RIGETS 

None known. 

FOR MORE INFORMATION 

ITES REPRESENTATIVE 
SCOTT HITCHCOCK 
Golder Federal Services, Inc. 
2201 Buena Vista Drive, SE, Suite 304 
Albuquerque, NM 87106 USA 
(505) 242-4308; FAX (505) 242-4768 

TECHNOLOGY DEVELOPERS 
W. VISSER, C.C.D.F. VAN REE AND 
FRED RODENWIJK 
Delft Geotechnics 
P.O. Box 69 
2600 AB Delft 
The Netherlands 
Tel: 011-31-15-69-3500 
Fax: 0 1 1-3 1- 15-6 1-0821 
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IN SITU TREATMENT OF VOCs BY RECIRCULATION 
TECHNOLOGIES 

University of Karlsruhe 
Germany 

DESCRIPTION 

The - _ -  project described hereh w.as _conducted by 
Oak Ridge National Laboratory ( O m )  to iden- 
tify processes and technologies developed in Ger- 
many that appeared to have near-term potential 
for enhancing the cleanup of volatile organic com- 
pound (VOC) contaminated soil and groundwa- 
ter at DOE sites. Selected German technologies 
developed at or in association with the Univer- 
sity of Karlsruhe (UoK) for in situ treatment of 
VOC contaminated soils and groundwater were 
identified and evaluated. The two processes iden- 
tified as having near-term potential for DOE were: 
(1) the vacuum vaporizer welllgroundwater re- 

~ 

Fresh Air 

Figure 1. Major Components of the UVB/GZB 
Vertical Well for In Situ Recirculation and 
Treatment of Groundwater 

circulation well (German: Unterdruck- 
Verdampfer-Brunnen/Grundw asser-Zirkdations- 
Brunnen, or-UNB/GZl3)-and (2) the porous pipe/ 
horizontal well (PP/HW). Figure 1 shows the 
major components of the systems. 

The UVB/GZB technology shown below with an 
ideal capture zone demonstrated significant po- 
tential. The UVB/GZB consists of a vertical well 
with screened sections below and above the wa- 
ter table, a treatment section, and an above ground 
air blower. These vertical wells use an airlift ef- 
fect (VVB) or electric pump (GZB) to remove 
groundwater through the bottom section, move it 
vertically, and reinject it. The upper and lower 
screened sections can be in different layers but 
the layers need to be hydraulically connected to 
form a circulation cell. The system has proven 
application for inducing recirculation in relatively 
homogeneous aquifers and under ideal conditions 
can encompass the entire aquifer thickness. A 
blower, mounted on the outlet, moves air from 
the ground surface, through the well, and back to 
the well head. A separation plate prevents mix- 
ing of treated with entering water. Soil air re- 
ceives treatment by entering the UVB/GZB at the 
second screened section due to a vacuum devel- 
oped by the blower. The gaseous is treated above 
ground prior to release. No water is brought to 
the surface, eliminating some problems associ- 
ated with treatment, disposal or reinjection. 

The PP/HW consists of horizontal well pairs (for 
withdrawal and injection of subsurface fluids) 
connected to a caisson that houses treatment and 
pumping equipment. Groundwater (and/or soil 
air) enters one well, passes through the caisson 
connecting the wells, and then is reinjected into 
the aquifer through a second well. 
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TECHNICAL PERFORMANCE 

The UVB/GBZ is well demonstrated at full-scale 
for air stripping of VOCs (trichloroethylene, 
trichloroethane, perchloroethylene, benzene, tolu- 
ene, and xylene) in Germany (Herding et al., 
199 1) and the process performance is reported as 
good. Capital and operating costs are reported to 
be significantly less than for traditional methods. 
The PP/HW lacks significant testing. The well 
configurations of the PP/HFv may more signifi- 
cantly affect circulation geometry than the UVB/ 
GZB. Also, short-circulating problems (between 
injection and extraction wells) are expected to be 
less si@icant with the PH/HW system. Exten- 
sive field testing in different hydrogeological set- 
tings, computer simulations, and detailed cost 
comparisons to other methods need to occur be- 
fore these recirculation technologies can be imple- 
mented on a broad scale. 

KSK Microtunneling Technologies in Rastatt, 
Germany is the manufacturer of the porous pipe 
horizontal well and FlowTex Directional Drill- 
ing installs the horizontal wells. The technology 
has been demonstrated at the Frankfort airport 
using a horizontal, radial system for soil vapor 
extraction of jet fuel. The KSK technology was 
not complicated and attractive because it was up- 
scaled from the utility industry, rather than down- 
scaled fro the oil industry. The German drilling 
technique was demonstrated in fine soils (rock 
and grave may cause problems). KSKLFlowTex 
demonstrated horizontal well installation rates of 
80 to 120 d d  at a cost of $100 per meter (10-m 
depth). Schumacher Environmental in Crailsheim 
has developed a porous plastic pipe (pore sizes of 
10 to 100 p). 

Because of the flow fields created, the method 
may also be applicable to recovery of dense 
nonaqueous phase liquids (DNAPLs). 

The PP/HW technology offers potential for VOC 
treatment at sites with thin aquifers or heteroge- 
neities. However, there has been limited testing 
of this PP/HW technology. 

Although the principal applications of the tech- 
nologies to date are for VOCs within saturated, 
moderately permeable sites, they are potentially 
applicable for destroying other organics and 
inorganics. 

STATUS 

Project activities were conducted between the fall 
of 1991 and February of 1992. Some of the treat- 
ment technologies are currently in the foreign 
field-demonstration stage. 

The goal of a three year project funded by the 
Office of Technology Development, within the 
DOE’S Office of Environmental Management, 
under the In Situ Remediation Integrated Program 
is to package one or more unit processes for in 
situ treatment of VOCs and radionuclides in 
groundwater, as modular components in vertical 
and/or horizontal recirculation wells. The project 
builds on previous accomplishments outlined 
above. This effort will include (1) evaluation of 
horizontal wells for inducing groundwater recir- 
culation; (2) development of belowground treat- 
ment modules for simultaneous removal of VOCS 
and radionuclides; and, (3) demonstration of a 
coupled module-recirculation system. 

Preliminary research activities conducted during 
the first year (1994) included identification and 
screening of applicable technologies, hydrody- 
namic modeling, bench scale experiments, and 
field tests. Part of the technology screening in- 
volved the selection of horizontal well materials 
and installation methods. Building on results of 
the investigation of German technologies de- 

WASTE APPLICABILITY 

The UVB/GZB technology enables simultaneous 
treatment of aquifers and unsaturated zones. The 
technology also has potential for inducing strong 
verticd and horizontal gradients for aiding in re- 
moval of nonaqueous phase liquids (NAPLs). 
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scribed above, the flexible porous pipe, installed 
with utility-industry equipment will be used. This 
work is being conducted in collaboration with 
investigators from UoK and KSWmowTex of 
Germany. It is anticipated that the drilling and 
installation methods will achieve significant cost 
savings and provide greater flexibility with re- 
spect to site access than conventional horizontal 
well drilling. An uncontaminated location at 
DOE’S Portsmouth facility was selected as a pre- 
liminary test location. Although the Portsmouth 
facility was the location selected, discussions are 
continuing with personnel from the DOE Hanford 
and Paducah sites. 

REGULATORY CONSIDERATIONS 

Safety Issues. There are no safety issues known 
beyond those normally associated with drilling 
in contaminated sites. In fact, hazards may be 
reduced by in-situ treatment. From a regulatory 
point of view, in-situ treatment of VOCs is gen- 
erally accepted, although verification will be nec- 
essary. Since no groundwater treatment discharge 
is required, permitting is simplified. Any en- 
hanced site emissions will have to satisfy NEPA. 
POTENTIAL COMMERCIAL 
APPLICATIONS 

These technologies could be applied by any or- 
ganization (public or private) with the need to in- 
situ treat VOCs at contaminated sites. The tech- 
nology can be used in conjunction with other tech- 
nologies (horizontal drilling, containment, etc.) 
and be used to treat not only VOCs, but also other 
organics and inorganics. The use of the technolo- 
gies would preclude other ex-situ soil and ground- 
water VOC treatments. These technologies could 
be applied at many sites throughout the DOE com- 
plex. 

BASELINE TECHNOLOGY 

For favorable conditions, the baseline technology 
is the conventional pump and treatment methods 
(for example, extraction wells and interceptor 

trenches). For less favorable conditions, exca- 
vatiodthermal treatment (or excavatiodsafe dis-. 
posal) and containment are the baseline technolo- 
gies. 

INTELLECTUAL PROPERTY 
RIGHTS 

For intellectual property rights information please 
contact the I’IES Representative. 

FOR MORE INFORMATION 

ITES REPRESENTATIVE 
ROBERT SIEGRIST 
Oak Ridge National Laboratory 
Environmental Sciences Division 
P.O. Box 2008 
Oak Ridge, TN 3783 1 USA 
(615) 574-7286, Fax (615) 576-8646 

COLLABORATING UNIVERSITY 
REPRESENTATIVE 
B. HERRLING 
University of Karlsruhe 
Germany 
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PLASMA FURNACE TECHNOLOGY FOR 
VITRIFICATIONOF TRU CONTAMINATED WASTES 

PLASTECH Corporation 
Russia 

DESCRIPTION 

This technology involves a new approach for treat- 
ing compacted-transuranic (TRU) waste by use 
of a plasmdinduction furnace (PIF) technology. 
The researchers developed and tested a multipur- 
pose PIF process and associated equipment for 
continuous processing of steel cylinders (57.0-cm 
in diameter, and 87.0-cm in height) filled with 
compacted wastes of various types: organic 
sludge, metallic sludge, combustibles (paper, plas- 
tics, wood, cloth, etc.), or any combination of the 
previous. 

The main component of the system is the induc- 
tion furnace tank. The furnace is actually made 

fi Initial Heating Furnace 

Air 

'Solid Metal Ingdt P6srnaAnduction 
Furnace with 
Cooled Pot 

up of an initial heating furnace powered by 
a 300-kW/2400-Hz generator and a plasmdinduc- 
tion furnace with cooled pot (PIFCP) powered by 
a 1-MW generator. Water flowing through cop- 
per pipes aftached on the outside of the furnace 
prevents the furnace surfaces from melting. The 
magnetic field produced in the furnace actually 
aids in preventing contact of the melt with the 
furnace surfaces and aids in the agitation of the 
melt. A plasma torch system comprised of four 
plasmatrons (each at 100 kw) is also used in the 
process to achieve overheating of the metal and 
slag (metal oxides, etc.), which is needed to ob- 
tain a good separation of these two products. 

First, the PIFCP is turned on to melt the metal 
ingot in the bottom, which was leftover 
from previous processing. Next, a 
waste cylinder is lowered into the MF 
by a special loading apparatus. The 
bottom of the cylinder is initially melted 
with the plasma torch system. After the 
bottom of the cylinder starts to melt, the 
MF is turned on and the cylinder is 
slowly lowered into the melted ingot in 
the PIFCP. Further heating by the fur- 
nace and plasma torch system brings the 
melt up to the desired temperature. In 
order to oxidize various compounds, air 
is flowed into the furnace. Due to the 
high temperatures, all organic com- 
pounds are destroyed. Metal oxides that 
are produced end up as part of the slag 
melt. The slag melt which separates out 
to the top is continually drained off into 
a slag tank. As soon as the cylinder is 
melted, the system is ready for the next 
cylinder. 

Operation Scheme of thePlasma/Induction Furnace 
Technology 
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The bottom of the furnace is actually a water 
cooled, independent, movable surface that can be 
lowered from the bottom of the furnace. An ap- 
paratus attached to the furnace bottom lowers the 
bottom and the partially solidified metal ingot 
slowly from the furnace. Only when the ingot 
reaches a limiting length must the process of feed- 
ing cylinders into the furnace stop, so that the in- 
got can be removed. 

TECHNICAL PERFORMANCE 

The developers conclude that the primary advan- 
tage of the technology is its ability to treat un- 
sorted waste. In addition, they conclude that the 
process allows a continuous (for the most part) 
operation cycle, in-drum processing, the produc- 
tion of homogeneous final products that may be 
disposed of without additional processing, greater 
volume reduction, greater energy efficiency, the 
collection of radioactive metals (oxides) in the 
slag, the complete decomposition of organic 
wastes without producing toxic gasses, and the 
prevention of dust from exiting the furnace with 
the effluent gas stream. 

The ingot has a final diameter of approximately 
70 cm and a height of approximately 100 cm. The 
density of the ingot is approximately 8.1 g/cm3. 
Therefore, an ingot will weigh a little over 3 met- 
ric-tons (1 metric-ton equals 1,000 kg). A single 

standard steel drum filled by only metallic wastes 
weighs about 60 kg and adds a thickness of about 
1.9 cm to the ingot. Therefore, about 52 drums 
of this type can be processed before the ingot has 
to be removed. The actual number of drums that 
can be processed before removing the ingot de- 
pends on the amount of metallic waste in the 
drums. 

The Table 1 below lists the process steps to vit- 
rify one drum of waste and the time needed to 
complete each step in the process. 

The total time to produce a full size ingot is about 
26 hours (52 drums * 0.5 hourddrum). The time 
needed to unload the ingot, inspect the system, 
and prepare the system for further operation takes 
approximately 6 hours. Therefore, the total cycle 
time between ingot production is about 32 hours. 
For a 240-day working year, approximately 9360 
drums could be processed. The average power 
consumed by the process is on the order of 500- 
700 kW. 

PROJECTED PERFORMANCE 

Future developments includes refinements in sys- 
tem design and construction of a new system to 
process standard drums fded with real compacted 
radioactive wastes. The new system will be used 
for pilot-scale demonstrations. 

Table 1. Process Steps to Vitrify One Drum of Wasteand Time Needed to 
Complete Each Step 

I I Process Stet, - Time I 

I Total Time I 30 minutes I 
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WASTE APPLICABILITY 

The PIF technology is applicable to minimizing 
wastes contained in waste drums. Targeted con- 
taminants include various hazardous and radio- 
active wastes (especially transuranics). 

STATUS 

The technology and associated equipment are 
beyond proof-of-principle testing (although drums 
containing actual radioactive material have not 
been processed). There is no history of applica- 
tions of this technology within the DOE complex 
or elsewhere in the US. 

REGULATORY CONSIDERATIONS 

Detailed US regulatory considerations have not 
yet been determined. Proposed NRC and DOT 
regulations will require shipment in a Type B cask 
for containers with radiation fields greater than 1 
re&. 

POTENTIAL COMMERCIAL 
APPLICATIONS 

This technology is applicable by any industry 
(hospitals, nuclear power generation, etc.) that 
produces drums filled with hazardous andor ra- 
dioactive waste. This technology could be useful 
in support of waste volume reduction efforts at 
the DOE complex cleanup sites and at US com- 
mercial nuclear power facilities. 

BASELINE TECHNOLOGY 

INTELLECTUAL PROPERTY 
RIGHTS 

None. 

FOR MORE INFORMATION 

ITES REPRESENTATIVE 
THOMAS E. ALBERT 
Science Applications International Corporation 
19321 U.S. Highway 19 North, Suite 520 
Clearwater, FL 34624 USA 
(813) 530-4000, FAX (813) 535-0056. 

TECHNOLOGY DEVELOPER 
PLASTECH CORPORATION 
8 1 Kashirskoe Avenue, #120 
Moscow 115230 Russia. 
FAX (095) 938-8192 
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PLASTIC SOLIDIFICATION PROCESS FOR 
RADIOACTIVE WASTES 

JCG Corporation 
Japan 

Waste Feed Ta 

Binder Tank 

Schematic of the Plastic Solidification Process 

the waste feed tanks and subsequently fed con- 
tinuously and quantitatively into a drying unit to 
be dried into a powder. The powdered wastes are 
received into a hopper, and the evaporated water 
is condensed (in a condenser) ani transferred to a 
liquid waste treatment system. 

A vertical thin-film evaporator is used as a dehy- 
drator. This dehydrator consists of a steam-jack- 
eted, cylindrical body stator and a bladed shaft 
rotor which rotates at a speed of several hundred 

drawn out of the pre-mixer 
into a drum where the 
components are mixed 
again with the addition of 
hardening agents. Various 
safeguards have been con- 
sidered in this process to 
prevent splashing during 
the in-drum mixing. For 
example, a variable speed, 
vertical motion mixer 
which has uniquely de- 
signed mixer blades has 
been utilized to minimize 
splashing. After mixing is 
completed, the mixer is re- 
moved from the waste- 
binder mixture. The drum 
is subsequently transferred 

to the intermediate storage area and allowed to 
set. During this time, polymerization proceeds 
in the drum resulting in a hardened final product. 

TECHNICAL PERFORMANCE 

General. The plastic solidification process is a 
new process established by combining JGC’s own 
technology with the process developed by the 
Grenoble Nuclear Research Center (CENG) of the 
French Commissariat for Atomic Energy (CEA). 
The technology was further improved to produce 
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solidified products with high volume reduction 
and excellent physical properties. 

Waste 
Stream 

NSSS 
r e s i n  

Radwaste 
Res in  

Very- 
low 

activity 
r e s i n  

High 
Activity 

DAW 

Very-  
low- 

activity 
DAW 

Total 

Full-scale Demonstration. A plastic solidifica- 
tion plant is now being constructed by JGC at 
Fukushima No. 2 nuclear power plant site, a fa- 
cility of the Tokyo Electric Power Company, Inc. 
No other technical performance data was supplied. 

Con- Approx. 
ta iner  Containe 

Size Dimen- 
(ft3) sions (ft 

120 5Dx6H 

190 6Dx6.5H 

215 4x6x4H 

96 4x6x4H 

96 4x6x4H 

Design Data. D.esign information on the amount 
of waste that the full-scale plastic solidification 
process must handle can be developed from waste 
production rates from nuclear reactors. 

Approx. 
Rad 
Field 

( R l h r )  

2,500 

5 

0.005 

0.05 

0.001 

Table 1. EPFU Design Basis for Reactor Produced 
Waste Volumes (five year period). 

Qty. of Stack 

tainers 
Con- Height 

10 1 

50 2 

25 2 

so 4 

200 4 

Volume 
(ft3) 4 1,200 

9.500 

5,375 

4,800 

19,200 

40,075 

The Table 1 represents conceptual design basis 
data from estimates of the LLW that could be ex- 
pected from either a multi-unit pressurized water 
reactor (PWR) either moderate waste quantities 
or a single- or dual-unit boiling water reactor 
(BWR) with relatively low waste quantities. h w -  
level waste volumes and costs for DOE Weapons 
Complex site cleanup activities need to be deter- 
mined. 

WASTE APPLICABILITY 

This technology is applicable to liquid low-level 
radioactive wastes. It is possibly applicable to 
mixed wastes or other hazardous wastes depend- 
ing on the leachability of the waste. 

STATUS 

This technology was developed with plans to es- 
tablish full-scale production facilities at Japan’s 
nuclear power plants. 

REGULATORY CONSIDERATIONS 

Detailed U.S. regulatory considerations have not 
yet been determined. Some of the containers listed 
in the Table 1 may be difficult to ship after mid- 
1992. Proposed NRC and DOT regulations will 
require shipment in a Type B cask for containers 
with radiation fields greater than 1 re&. The 
upper size limit is approximately 54% in diameter 
and 140-ft3 in volume due to size limits on cur- 
rently available Type B casks. 

POTENTIAL COMMERCIAL 
APPLICATIONS 

This technology is applicable to power compa- 
nies which have nuclear powered generating sta- 
tions. The technology could be useful in support 
of low-level waste volume reduction efforts at the 
DOE complex cleanup sites and at U.S. commer- 
cial nuclear power facilities. 

BASELINE TECHNOLOGY 

The United States is developing a technology 
called “Polyethylene Encapsulation of Radionu- 
clides and Heavy Metals (PERM).’’ Full scale- 
implementation of PERM is expected in FY95 
following “cold” testing at the Brookhaven Na- 
tional Laboratory and “hot” testing at the Hanford 
Underground Storage Tank Integrated Demonstra- 
tion. PERM is projected to achieve production- 
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scale waste processing rates between 1-3 metric 
t o n s h  with 60 percent nitrate salt loading in the 
polymer matrix. Although the Japanese technol- 
ogy is closer to be implemented in full-scale ap- 
plications, comparable technical performance data 
has not been made available. 

INTELLECTUAL PROPERTY 
RIGHTS 

The JGC corporation owns the intellectual prop- 
erty rights. 

FOR MORE INFORMATION 

ITES REPRESENTATIVE 
JOE ANGEL0 
Science Applications International Corporation 
700 S. Babcock Street, Suite 401 
Melbourne, FL, 32901 USA 
(407) 676-5707, FAX (407) 676-5383 

TECHNOLOGY DEVELOPER 
JGC CORPORATION 
New Ohtemachi, Building 2-1 
Ohtemachi 2-Chome 
Chiyoda-Ku, Tokyo 
100 JAPAN 
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POLLUTED WATER CLEANING WITH TWO-STAGE 
HETEROGENEOUS DISCHARGE 

Science Applications International Corporation, Inc. 
Russia 

DESCRIPTION 

This innovative water cleanup technology in- 
volves the successive application of pulsed elec- 
tric discharges (stage-1) in a heterogeneous air- 
water mixture of contaminated sludge water, fol- 
lowed by biodegradation (stage-2) to reduce the 
toxicity to acceptable -standards. The develop- 
ment-of-this-~-o~t~pp~iinv%lves a col- 
laborative effort between three institutions. The 
first two, located in Tomsk, Russia, are the Insti- 
tute of-Electrophysics at-thie Urd Branch of the 
Russian Academy of Science and Aquapulse Ltd. 
The third is the Center for Bioengineering and 
Pollution Control at the University of Notre Dame. 
Aquapulse Ltd. has successfully developed and 
commercially manufactured one-stage pulsed 
power modules for sludge water treatment. These 
modules have been demonstrated at various sites 
in Russia. The chosen approach is an alternative 
to the well-known water purification techniques 
of using chlorine and fluorine andor processing 
with ultra violet radiation with the addition of 
ozone. 

The first stage device was developed in Tomsk 
Russia for removing pollutants from sludge wa- 
ter such as dissolved heavy-metal salts and or- 
ganic compounds. Since pulsed electric discharge 
treatment alone does not guarantee complete deg- 
radation of refractory organic compounds, a sec- 
ond stage is being added to the cleaning process 
which utilizes biological processing techniques. 

TECHNICAL PERFORMANCE 

ample, tests using one prototype device conducted 
by the World Laboratory Branch in the USSR 
under the Auspices of the Western Siberian Cen- 
ter of Ecology in 1991 and 1992 showed that pro- 
cessing of the polluted river water resulted in the 
decrease of organic compounds concentrations by 
two times, phenols from 10-15 times, halogenated 
compounds from-3-4 times and heavy metals (e.g., 
Fe] from 3 mg/G 0.2 ma. The average polluted 
water flow rate treated by this discharge device 
(first stage only) is 25 m3/h, with a typical device 
energy consumption of 0.1 to 0.2 kWh/h-opera- 
tion. 

Laboratory Testing. The VL-15 C Pulsed Dis- 
charge Water Cleaning Device was tested with 
15 m3/h sludge water flow rate. Its application 
reduced the concentrations of phenols and organic 
amines (monomethylamine, diethylamine, and the 
like) by a factor of 10 to 15. The initial contents 
of the original water was in excess of 30 MAC 
(from 0.03 to 0.0015-0.0010 mgll for phenol). 
The concentrations of chloroorganic compounds 
were reduced by a factor of 3 to 4 for the same 
conditions (from 0.1-0.01 mg/l for chloroform). 
Adjustments were made to decrease the iron con- 
tent in conformity with the Drinking Water State 
Standard; for example, the concentration in the 
original water was up to 7 mg/l and was decreased 
to 0.1-0.2 m a .  With the operation mode spe- 
cially adjusted for a given parameter, the effi- 
ciency of purification can be significantly in- 
creased. The ozone concentration of more than 5 
mgd generated by the process assures the safe use 
of treated water from an epidemiological stand- 
point. 

General. The electric pulsed discharge devices 
for water de-aning (stage-1 equipment) have been 
developed and demonstrated in Russia. For ex- 

In the period from November 12-28, 1991, the 
VL-15 installation was located near the river port 
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of Tomsk. During testing, several water param- 
eters were monitored including concentrations of 
phenols, chloroorganic compounds, volatile 
amines, iron and hydrogen sulfide and biological 
characteristics such as the coli-index and the to- 
tal microbe number (TMN). The testing demon- 
strated reduction of organic compound concen- 
trations from 20 to 10 percent; the iron concen- 
tration was reduced from 3 to 0.2 m@; the coli 
index was reduced from 380 to 1 or smaller, and 
the TMN was reduced from 10-4.5 to slight traces. 
During the tests, the installation produced ozone 
concentrations from 20 to 40 mg/l which are in 
excess of the recommended by sanitary standards 
(6 mg/l). Biotests not only showed no possibility 
of forming other toxic compounds, but actually 
decreased toxicity by 20 to 30 percent of the ini- 
tial toxicity. 

Innovative collaboration between the United 
States biological processing (secondary stage) 
and the Russian pulsed power (first stage) research 
approaches could provide significant enhance- 
ment of final water quality, up to the total absence 
of residual toxicity. RIGHTS 

REGULATORY CONSIDERATIONS 

Regulatory issues have not been determined. 

POTENTIAL COMMERCIAL 
APPLICATIONS 

Commercial applications include numerous mu- 
nicipal and industrial cleanup sites throughout the 
U.S. and the world. The specific DOE needs for 
this type of technology are related to its numer- 
ous contaminated groundwater and surface water 
sites as well as sludge effluents throughout the 
DOE weapons complex requiring treatment and/ 
or remediation . 

BASELINE TECHNOLOGY 

This U.S.-Russian collaborative program will 
have to be compared with standard U.S. waste 
water treatment techniques; however, such com- 
parisons have not been made at this time. 

INTELLECTUAL PROPERTY 

WASTE APPLICABILITY 

This technology is applicable to polluted sludge 
and waste waters contaminated with iron, toxic 
organic compounds (phenols, gasoline, phos- 
phates, methylamines, etc.) and chlorinated or- 
ganic compounds. 

STATUS 

Pulsed electric discharge devices have been de- 
veloped and commercially applied in Russia, and 
bioremediation technologies for sludge and pol- 
luted water treatment are well-demonstrated at the 
University of Notre Dame (and other research 
facilities). The operational coupling of both tech- 
niques for an engineering demonstration remains 
to be accomplished (1993-94). 

Aquapulse, Ltd., Tomsk, Russia owns rights to 
the pulsed power water treatment devices. There 
are a variety of Russian patents including: 
SU patent n. 10693 14,1075596, CO 2F 1/46, July 
9, 1982; SU patent n. 12563384, CO 2F 1/46, 
Nov 5 1984; SU patent n. 1151512, CO 2F 1/48, 
1985. And other patents have been filed with the 
University of Notre Dame patent office for 
bioremediation technologies. 

FOR MORE INFORMATION 

ITES REPRESENTATIVES 
JOSEPH A. ANGELO, JR. AND 
JENMFERA. ARCHER 
Science Applications International Corporation 
700 S. Babcock Street, Suite 401 
Melbourne, FL 32901 USA 
(407) 676-5707, FAX (407) 676-5383 
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’TECHNOLOGY DEVELOPERS 
DR. VITALY BYSTRITSKII 
Laboratory of Pulsed Electrophysics 
Tomsk, 634550 
Russia 

or 

The Center for International Security and Arms 
Contro 
Stanford University 
Stanford, California USA 

DR. EFIM YANKELEVITCH 
Aquapulse Ltd. 
Tomsk 
Russia 

DR. ROBERT IRVINE 
Center for Bioengineering and Pollution 
University of Notre Dame 
Notre Dame, Indiana USA 

REFERENCES 

1. Angelo, A. Jr., and J.A. Archer ,”Polluted Wa- 
ter Cleanup,” Preliminary Technology Report, 
prepared by Science Applications International 
Corporation (SAIC), Melbourne, FL, July 
1993. 
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VITRIFICATION OF LIQUID RADIOACTIVE WASTE 
WITH LOW AND m D I U M  LEVEL ACTIVITY FROM 

NUCLEAR PO-R STATIONS 

SVUS as. 
Czech Republic 

DESCRIPTION 

Vitrification, a process of transforming compo- 
nents into a vitreous phase by heat treatment, may 
be applied to liquid radioactive wastes with low 
or medium level-activity-The g1ass;as a carrier 
matrix, bonds the radionuclides contained in the 
waste. The final product has properties which 
allow it to be disposed for long periods without 
concern for contaminant migration. 

components are formed by a natural aluminosili- 
cate which is, by its composition, a suitable addi- 
tive for melting purposes. The formed suspen- 
sion, kept in a homogeneous state by stirring, is 
sufficiently stable for controlled discharging by a 
pneumatic feeder onto the glass melt surface at 
the melting end of an electrically-heated furnace. 
A schematic of the technology is presented in the 
figure below. 

An effective melting aggregate operation depends 

b evaporator 

Apparatus 

1 ,+, dl+ Absorber + I 

Cooler t 
Absotptio 
Solution 

Condenser 
Rervoir 

I 
Melt 

Further 
Treatment 

Product 
Storage 

~ _. - 
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Schematic of SVUS a.s. Vitrification Technology 

on regular feeding and a 
uniform distribution of . 
charged, semi-liquid mix- 
ture (“melt”) on the glass 
melt surface. This opera- 
tion uses a furnace with ce- 
ramic lining, heated by 
metal electrodes immersed 
into the melted material. 
The furnace has a melting 
end and a suitable spout 
adapted for additional treat- 
ment of the melt in the 
forming machine. In the fi- 
nal phase, the automatic 
deposition equipment ad- 
justs the formed vitrified 
product prior to storage and 
disposal. Water vapor and 
other air contaminants (e.g., 

The technology is based on a one-stage vitrifica- 
tion process. The liquid radioactive wastes are 
re-pumped from a container to the evaporator 
where they are partially dehydrated. From the 
evaporator they are shifted to a mixing apparatus 
for mixing with glass forming components. These 

nitrogen oxides, carbon dioxide, alkalies, boric 
acid, flue dust, portions of the unbounded active 
components - cesium and strontium) are ex- 
hausted from the melting furnace. These contami- 
nants are captured using a system of fdters, cool- 
ing devices and absorbers. 
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I'ECHNICAL PERFORMANCE 

Output (tlday) 

Construction ($USD) 

Operation ($USD/day) 

Consumption (kwwkg) 
Projected Performance 

The proposed system is capable of processing ap- 
proximately 1,300 liters of treated waste per day 
yielding 500 kg of melted product. The cost to 
constnict the equipment associated with this vit- 
rification process is estimated to be approximately 
$500,000 (USD). The following is additional 
technical and cost-related information for the vit- 
rification of low and medium level radioactive 
wastes and hazardous wastes: 

0.8 1.5 3.0 

150k 200k 300k 

0.7 0.4 0.25 

-3.3 2.0- - -1i2 - 

Vikijication of Low and Medium Level Rad 
Wmte. 

Output (tlday) 

Construction ($USD) 

Amount of rad waste 30-43%/batch 
Melting temperature 1050-1200°C 
Final product Borosilicate glass 
Type of operation Continuous 
Output/day 200 kg-experiment 

500 kg-designed 

mathematical modeling 
1000-1500 kg- 

0.2 0.5 1.0 1.5 

400k 500k 670k 850k 

Cost Datu. 

I I I 

WASTE APPLICABILITY 

This technology is applicable for treating low and 
medium level, liquid radioactive wastes as well 
as liquid wastes contaminated with other hazard- 
ous constituents (eg ,  Pb, Cr, Cd, Ag, As, Se). 
The glass product formed in processing non-ra- 
dioactive constituents is reported to result in a 
stable matrix and may be used, in some cases, as 
a secondary raw material for further applications. 

Cost Data. 
STATUS 

1 Operation ($USDkg) I 0.85 I 0.55 I 0.35 I 0.27 I 
1 4.5 I 3.6 1 3.0 I 2.8 I 

This technology is beyond proof-of-principal. Re- 
cently,,two long-term pilot plant tests were com- 
pleted using a model waste and yielded a melted 
product of 150 kg per day. Further development 
work for this technology was interrupted in 1989 
(at the beginning of the political transition). There 
is no history of application of this specific tech- 
nology within the DOE complex or elsewhere in 
the U.S. 

Ktrifiation of Hazardous Wastes. 
REGULATORY CONSIDERATIONS 

Amount of rad waste 50%/batch 
Glass-forming comp. waste cullet, zeolite 

Types of inorganic wastes tested include waste 
cullet, zeolite ashes, sedimentation from indus- 
trial filters, lime and fluoride sludge, and glass 
grinding slurry. 

There appear to be no regulatory or public accep- 
tance issues which are of significance with regard 
to the implementation of this technology at sites 
in the United States. 
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POTENTIAL COMMERCIAL 
APPLICATIONS . 

Extent of the worldwide market for this technol- 
ogy is not known. Amarket analysis was not pro- 
vided by the technology developer. Specific DOE 
needs include treatment of low and intermediate 
liquid radioactive wastes within the DOE com- 
plex. 

The technology developer is interested in discuss- 
ing the possibilities associated with establishing 
foreign partners for purposes of commercializing 
this technology. The interests of this technology 
developer include transferring the technical as- 
pects of this vitrification process through a con- 
tractual arrangement and participating in a joint 
development program to orient the technology to 
meet specific DOE needs. Ultimately, the goal of 
the technology developer is to commercialize the 
technology for international distribution. 

BASELINE TECHNOLOGY 

Currently there are a number of technologies 
which exist for the vitrification of radioactive and 
heavy metal bearing wastes - however, many of 
the commercially available technologies are re- 
ported to be for high level activity radioactive 
wastes (e.g., Monsanto, Pacific Northwest Labo- 
ratory, fums in Germany, France, Belgium, Ja- 
Pan). 

~ 

INTELLECTUAL PROPERTY 
RIGRTS 

This-technology has a patent under the name of 
“Method of Vitrification of Liquid Radioactive 
Wastes with Low Activity Level” in the Slovak 
Republic. The patent number was not provided. 

FOR MORE INFORMATION 

ITES REPRESENTATIVE 
JOHN E. MOERLINS 
Associate Director 
Center for HungariadAmerican Environmental 
Research, Studies & Exchanges 
226 Morgan Building, 2035 East Paul Dirac Drive 
Tallahassee, Florida 323 10 USA 
(904) 644-5516, FAX (904) 574-6704 

TECHNOLOGY DEVELOPERS 
DR. JAN KAVKA 
Director of Development and Technology 
Division 

S W S a s .  
PS 71, Skroupova 957 
501 92 Hradec Kralove 
Slovak Republic, 
Tel: ( 4 2 )  49 673-111, FAX ( 4 2 )  49 616-663 

MR. TOMX3 ZIZKA, 
S W S  as. 
PS 71, Skroupova 957 
501 92 Hradec Kralove 
Slovak Republic 
Tel: ( 4 2 )  49 673-111, FAX ( 4 2 )  49 616-663 

REFERENCES 

1. Moerlins, J., H. and R. Herndon, “Vitrifica- 
tion of Liquid Waste with Low and Medium 
Level Activiity frKZiNuclear Power Stations,” 
Central and Eastern European Activities, pre- 
pared by The Center for HungaridAmerican 
Environmental Research, Studies and Ex- 
changes, Florida State University, Sept.1993. 
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ECOSOLB CONTAMINANT ABSORBING GROUT 

Soletache 
. France 

DESCRIPTION 

ECOSOLB grout has a primary application as a 
subsurface containment barrier. Secondary ap- 
plication is the treatment of contaminated ground- 
water with an ECOSOLOD filtering trench. An- 
other secondary application is the stabilization/ 
solidification of hazardous wastes. ECOSOLB 
grout was designed specifically for constructing 

~ 

Precipitation is mainly used for retaining acidic 
industrial wastes containing metallic ions in so- 
lution, like iron, zinc, nickel copper, lead, cad- 
mium and tri-valent chrome. These cations are 
precipitated as metallic hydroxides according to 
chemical reactions controlled by pH. The desir- 
able pH is maintained by plugging the ECOSOLCB 
mixture with calcium oxide. Other precipitating 
agents are used when the metallic species is in- 

soluble, regardless of 
PH- 

Impermeable capping layer: 
compacted clay with or without 

geomembrane \ 

Landfill 
Reclamation 

subsurface barriers. This grout is not a single 
material, but rather a compound that is custom- 
ized with various substances to promote precipi- 
tation and adsorption of specific organic and 
heavy metal contaminants. Retention mecha- 
nisms for this technology include precipitation, 
oxidation, complexation and absorption among 
others. 

Adsorption is a 
physiochemical re- 
action depending 
on the specific sur- 
face area of porous 
material, typically 
clays and activated 
charcoal in this case 
(which have been 
added to the grout). 
These materials ad- 
sorb pollutants as 
the pollutants pass 
within close prox- 
imity, allowing for 
one or more bind- 
ing mechanisms to 
take place. These 
binding mecha- 

nisms include physical, Van der Waals attraction, 
ionic exchange, and surface tension. The greater 
the surface area the more pollutant that can be 
held. In general, these adsorbing reactions are 
reversible, depending on the equilibrium thermo- 
dynamics and kinetics. The design and perfor- 
mance assessment of barriers using this technol- 
ogy is carried out through numerical simulations. 
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A conservation of mass partial differential equa- 
tion forms the basis for the simulations. In order 
to carry out a simulation it is necessary to specify: 

hydraulic characteristics of the site, 
the initial concentration of the pollutant, 
the temperature of the system, which must be 

the barrier thickness. 
constant, and 

In addition, the following laboratory derived bar- 
rier parameters must be specified: 

diffusivity, 
0 porosity, 
0 permeability, 

coefficient of dispersion, and 
Freundlich coefficients. 

The numerical simulations, suggest that conven- 
tional barriers begin to break down after 2-3 years, 
at which time solutions with effluent concentra- 
tions of nearly 57 percent emerge from the down- 
stream side of the barrier. In contrast, ECOSOLB 
lasts nearly 120 years with a maximum effluent 
concentration of less than 4 percent. Some sup- 
port may be required for laboratory and field test 
necessary to acquire modeling parameters. Also, 
support for barrier installation is required. This 
would replace standard barrier technologies and 
would support remediation efforts by controlling 
the migration of contaminants. 

TECHNICAL PERFORMANCE 

The numerical simulations, suggest that conven- 
tional barriers begin to break down after 2-3 years, 
at which time solutions with effluent concentra- 
tions of nearly 57 percent emerge from the down- 
stream side of the barrier. In contrast, ECOSOLO 
last nearly 120 years with a maximum effluent 
concentration of less than 4 percent. 

Limitations. This technology concentrates con- 
taminants in the matrix of the barrier. Further 

processing would be very difficult since it would 
entail removal of the barrier. However, in some 
cases this may be acceptable where the level of 
performance offsets the limitations. Some designs 
incorporate the use of a removable cartridge that 
facilitates secondary processing of collected con- 
taminants. 

’ 

Cost & Schedule Re/Implementation. No infor- 
mation available at this time on specific costs. 

Safety Reflmplementcation. None known. 

WASTE APPLICABILITY 

As a containment barrier this technology could 
be applied to a large variety of waste types. As a 
treatment method, this technology applies only 
to groundwater. 

Installation requires access for heavy equipment, 
such as drilling and trenching equipment. Once 
the barrier is installed there are no special require- 
ments. 

STATUS 

Fully developed and applied in several projects. 
None known. 

Contact the developer for case histories and per- 
formance data based on several projects. 

REGULATORY CONSIDERATIONS 

No issues or problems are foreseen. 

POTENTIAL COMMERCIAL 
APPLICATIONS 

Potential commercial applications would include 
industries where containment of all types of 
wastes to control migration of contaminants is 
required in support of the industry’s remediation 
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efforts; Treatment of groundwater contaminated 
with heavy metals and organics. Commercial 
market is potentially very large as the range of 
applicable waste types is also large. 

BASELINE TECHNOLOGY 

Standard grout technologies are the baseline for 
containment. Pump and treat and bioremediation 
methods are the baseline for groundwater treat- 
ment. 

This technology exceeds the retention properties 
and life span of conventional grouts, but may do 
so at a higher cost. The advantage with this tech- 
nology in groundwater treatment is that it con- 
tains and treats simultaneously, which provides a 
performance advantage that may (if used in place 
of conventional methods) save money over the 
life of the project. If used in conjunction with 
baseline treatment methods, the cost would be 
greater but the performance of the remediation 
project may be substantially increased. 

INTELLECTUAL PROPERTY 
RIGHTS 

Patented in the U.S. and Europe. No patent num- 
bers provided at this time. 

FOR MORE INFORMATION 

ITES REPRESENTATIVE 
SCOTT HITCHCOCK 
Golder Federal Services, Inc. 
2201 Buena Vista Drive, SE, Suite 304 
Albuquerque, NM 87106 USA 
(505) 242-4308; FAX (505) 242-4768 

TECHNOLOGY DEVELOPER 
D. GOUVENOT 
Soletanche 
6 rue de Watford 
92000 NANTERRE 
France 
Tel: 33-1-4776-4262, Fax: 33-1-4775-9910 
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HYDROFRAISEB SUBSURFACE CONTAINMENT 
WALL CONSTRUCTION 

Solentanche 
France 

DESCRIPTION 

Hydrofiaise@ is a commercially available drilling 
machine for constructing containment walls in 
soils. The device consists of two cutter drums 
mounted on a heavy metal guide frame that is typi- 
cally suspended from a crawler (track mounted) 
crane. The cutter drums are fitted with tungsten 
carbide tipped teeth which rotate in opposite di- 
rections to break up the soil. The device creates a 
slot 2.4-m long and 0.6- to 1.5-m thick. Apump 
placed just above the drums evacuates the loos- 
ened soil which is carried to the surface as drill- 
ing mud. Following excavation of a “slot”, the 
barrier material is pumped into the bottom of the 
excavation to displace the drilling fluid. Subse- 
quent slots overlap existing barrier portions to 

provide a competent large-scale containment sys- 
tem. The design of the system makes it possible 
to drill diaphragm wall elements in a wide range 
of soil conditions from cohesionless soils to hard 
rock. The equipment is capable of installing con- 
tainment walls up to 125-m in depth. 

The Hydrofraise device has been used success- 
fully in Europe and Japan to construct low-per- 
meability barriers around contaminated soils and 
landfdl sites. All required equipment and sup- 
port are available from the technology developer 
(Solentanche), including barrier material, a mix- 
ing plant, and injection pumps. The barrier ma- 
terial is typically ECOSOL slurry with a 
geomembrane insert. Cement-based and bento- 
nite-based material have been applied in Europe 

and the USA. 

Generic Hydrofiaise Application 

Hydrofraise@ 
Equipment 

0 Power pack 
@ Crane 
(3 Mud return after treatment 
c3 Hydraulic feed cylinder 
(9 Drilling tool guide 
@ Clinometers 
@ Pumpbody 
di Drilling tool 

5mL 5m 

Hydrofiaise can operate 
only in a vertical mode. 
Applications requires ex- 
istence of natural hori- 
zontal barrier at depth 
and possibly a cover to 
prevent recharge and 
contaminant transport 
within the contained re- 
gion. 

TECHNICAL 
PERFORMANCE 

General Specifications. 
The system is capable of 
installing low permeabil- 
ity containment walls in 
a very wide range of me- 
dia from cohesionless 
soils (silt, sand, gravel 
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and cobbles to 10 cm) to hard soil. Vibration and 
shock are minimal; overbreak is less than 10 per- 
cent, and can be vertically controlled to within 
0.2 percent. Excavation rates are inversely pro- 
portional to soil hardness, ranging from more than 
20 m 3 h  (for cohesionless soils) to 1 m 3 h  (for 
the case of hard soil). Performance of the wall is 
also a function of the barrier material to be used. 
Cement-based and bentonite-based materials, as 
well as ECOSOL slurry with geomembrane in- 
serts, have been applied in Europe and in the 
United States. 

Full-scale Applications. Solentanche has con- 
structed numerous cutoff walls associated with 
building construction sites around the world since 
1976. Hydrofraise@ was successfully used to 
construct a diaphragm wall for the Sizenell B 
nuclear power plant in England (1987). The wall 
was 1260-m long, 55-m deep, and 0.8-m thick. 
The wall was constructed in 20 weeks. 

Cost Data. The cost and implementation sched- 
ule depends on the size of barrier and site condi- 
tions. Solentanche states that its costs are com- 
petitive with other available methods. Detailed 
cost estimates are available from Solentanche. 

WASTE APPLICABILITY 

Hydrofraise subsurface barrier construction is 
applicable to landfills, buried waste sites, contami- 
nant spills, and above-ground and underground 
storage tanks to contain virtually any type or 
amount of contarninants. However, Hydrofraise 
is limited to operation in the vertical mode, and 
its application requires existence of natural hori- 
zontal subsurface barrier such as a rock or clay 
layer. 

REGULATORY CONSIDEIWTIONS 

No regulatory restrictions of this technology are 
known. 

POTENTIAL COMMERCIAL 
APPLICATIONS 

Industrial applications include chemical compa- 
nies, industrial waste landfrlls, refineries, and fuel 
storage facilities. Specific DOE needs and appli- 
cations include in-situ, lateral containment of vir- 
tually any type or amount of contaminant such as 
around leaking tanks where lateral transport domi- 
nates or where a cover would reduce recharge. 
Currently, Solentanche has no U.S. partner al- 
though the company has conducted operations in 
the United States. Solentanche may be interested 
in licensing agreements. 

BASELINE TECHNOLOGY 

The baseline technology is conventional slurry 
wall technology. Compared to conventional slurry 
wall technology, Hydrofraise tends to provide a 
higher quality wall with less construction inter- 
ference, at similar costs, schedule, etc. A similar 
technology has been developed in Japan: the 
Seiko S M V  technique and Taiser “Trust” tech- 
nique. [2] 

INTELLECTUAL PROPERTY 
RIGHTS 

A patent is held by Solentanche (a French owned 
company), and Hydrofraise has no government 
investment. 

FOR MORE INFORMATION 

STATUS ITES REPRESENTATIVE 
SCOTT HITCHCOCK 
Golder Federal Services, Inc. 
2201 Buena Vista Drive, SE, Suite 304 
Albuquerque, NM 87106 USA 
(505) 242-4308; FAX (505) 242-4768 

The development of this technology is complete, 
and it has been applied numerous times in full- 
scale industrial applications. 
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TECHNOLOGY DEVELOPER 
GERARD EVERS 
Solentanche 
6 Rue de Watford 
92000 Nanterre 
France 
Tel: (331) 47-76-4262, FAX: (331) 47-75-9910 
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123 



124 



IN SITU BARRIER CONSTRUCTION WITH MONTAN 
WAX EMIJLSION 

Vereinigte Mitteldeutsche Braunkohlenwerke AG (MIBRAG) 
Germany 

DESCRIPTION 

Montan wax is the primary component of a min- 
eral wax emulsion developed in Germany by 
Vereinigte Mitteldeutsche Braunkohlenwerke AG 
(MIBRAG), a large industrial company with head- 
quarters in Bitterfeld, Germany. The montan wax 
emulsion is currently being evaluated as a grout 
for construction of subsurface barriers for 
remediation of contaminated sites. MIBRAG was 
responsible for lignite coal mining operations in 
the eastern portion of the former German Demo- 
cratic Republic and operates a number of coal 
gasification plants in the area. Within the lignite 
coal fields operated by MIBRAG are the world's 
largest known deposits of montan wax. A plant 
i n h d o r f h a s  produced most of the world's sup- 
ply since the early 1900s. Montan wax is a fossil 
plant wax with properties similar to natural plant 
waxes such as those found in carnauba palms. The 
wax is a hard, high-melting point, non-toxic ma- 
terial used in carbon inks, emulsions, polishes and 
lubricants. It is comprised of a mixture of waxes, 
resins, and asphaltene-like materials composed of 
C-24 to C-32 carbon chain esters of long chained 
acids and alcohols. 

The idea to use montan wax to construct contain- 
ment barriers came about because of the serious 
environmental problems in the Bitterfeld area. 
There are several industrial waste disposal pits 
where leachates are entering the local aquifer con- 
taminating the drinking water supply. Site 
remediation may take many years to accomplish 
because of the large volume of material involved 
and the associated costs. In an attempt to address 
this problem, MIBRAG began testing the feasi- 
bility of creating containment barriers with mon- 

tan wax emulsions in several field demonstration 
projects in the area. The sites contained uncon- 
solidated soils with relatively high hydraulic con- 
ductivities (e.g., lo3 cds) .  After permeating the 
soils with a mixture of montan wax, water and 
bentonite, the conductivity of the soil was reduced 
by as much as five orders of magnitude. 

Montan wax grout is a particulate-type grout con- 
sisting of a stable emulsion of montan wax, wa- 
ter and surfactant. The grout is formed by inject- 
ing a stream of melted wax into water at near boil- 
ing temperature where the wax solidifies into 
small particles. The size of the wax particles can 
be controlled to some extent by varying the tem- 
perature of the wax and water or by mechanically 
shearing the particles after they are formed. A 
small amount of surfactant is added to the mix- 
ture to create an emulsion. Immediately prior to 
injection of the grout, a small amount of bento- 
nite clay is added to the emulsion. The surfactant 
sorbs to the added bentonite, breaking the emul- 
sion and allowing the wax particles to begin to 
adhere to one another. Inside the soil matrix, the 
wax particles continue to aggregate, thereby in- 
creasing in size, move through void spaces in the 
soil until they bridge an opening and become 
fmed. The blockage of interconnected pores re- 
duces the permeability of the soil and the rate of 
advective transport of contaminants. 

Emplacement of the subsurface grout barrier can 
be performed with several technologies. The work 
performed employs permeation grouting, a stan- 
dard grout emplacement method. Vertical bore- 
holes have been used for the permeation grouting 
in this test program, but directional (inclined) 
boreholes can also be employed. Jet grouting is 
another possible placement method. 
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TECHNICAL PERFORMANCE 

Laboratory Scale. Grout permeation experiments 
and'chemical compatibility tests have been per- 
formed to assess the performance of the montan 
wax grout. The grout permeation experiments 
included characterization and testing of soils from 
three sites: the Hanford Site, Sandia National 
Laboratories, and the Idaho National Engineer- 
ing Laboratory. @VEL). Hydraulic conductivites 
of soils from each site were measured to estab- 
lish pre-grouting permeabilities. The soils were 
then permeated with grout and post-grouting hy- 
draulic conductivities were measured. 

The laboratory tests indicated that themontan wax 
grouts can be successfully permeated into sand 
and gravel type soils from Hanford and Sandia. 
Grout permeation into silty clay samples from 
INEL was not possible with the grout, because of 
the high percentage of fine material in the samples. 
The grout significantly reduced the hydraulic con- 
ductivity of the Hanford and Sandia soil with one 
Hanford sample showing an estimated reduction 
of six orders of magnitude. The grout appears to 
be compatible with most of the common types of 
hazardous waste, with the exception of glycols 
which rapidly degrade the grout. Radiation com- 
patibility testing has not yet been performed. 

Field Scale. A field study involving a series of 
single-borehole injection tests was performed at 
Sandia to evaluate the penetration characteristic 
of the montan wax grouts over a range of soil 
conditions and formulations. Four grout injec- 
tion boreholes were prepared, and geophysical 
boreholes were located between the injection 
boreholes at 1-m intervals to track the movement 
of the grout front. The injection boreholes at the 
test site were spaced 3-m to 4-m apart in an effort 
to create overlapping grout fronts between adja- 
cent injection boreholes. 

Grout injection was accomplished using the tube 
B manchette method, a standard grout emplace- 

ment technique. Grout was injected at specific 
depths through perforations located at regular in- 
tervals in the casing. Downhole geophysical 
methods for measuring electromagnetic resistiv- 
ity, moisture content, and temperature were use- 
ful for tracking the arrival of the grout in the vi- 
cinity of a borehole. The penetration distance of 
the grouts from the injection borehole typically 
ranged between 1 and 2 meters. 

The single-borehole tests indicated that the mon- 
tan wax grout can be emplaced in unconsolidated 
soils with conventional grout permeation meth- 
ods, provided the soils have sufficiently high per- 
meability. Grout injection was attempted in a 
number of soil types and depths in each of the 
injection boreholes, but grout permeation was lim- 
ited to the higher permeability zones. Attempts 
to inject grout in the low permeability soils re- 
sulted in unacceptable injection pressures &e., 
capable of hydraulically fracturing the soil) or 
fracturing of the annular region surrounding the 
grout injection pipe. ' The minimum hydraulic 
conductivity for permeation grouting appears to 
be around 5 x lWcm/s for the montan wax grout. 

The second phase of field testing will incorpo- 
rate multiple-borehole tests performed to evalu- 
ate the feasibility of 'constructing a competent 
subsurface barrier of sufficient lateral extent and 
hydraulic integrity to support DOE environmen- 
tal restoration needs. Site selection for the tests 
is currently in progress. Post-test characteriza- 
tion will include large double-ring infiltrometer 
tests of the barrier, followed by excavation and 
inspection of the barrier. 

Cost Data. The montan wax costs between $0.52 
- $0.82 per liter depending on the bentonite con- 
tent. The grout is currently manufactured in Ger- 
many, and shipping costs to the U.S. are consid- 
erable. If demand were sufficiently high, manu- 
facturing of the products could be done in the U.S. 
Emplacement of the grout requires the same 
equipment normally used by a grouting contrac- 
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tor. Assuming installation, shipping, and mark- 
up costs are comparable with other specialty 
grouts, the total cost is estimated to range from 
$45 - $80 per m3. 

WASTE APPLICABILITY 

Subsurface barriers can be used to contain known 
contamination long enough to allow realistic plan- 
ning, scheduling, and budgeting for remediation 
or the development of new technology. Barriers 
can also be used as a backup measure during other 
cleanup activities. Grouts are of interest because 
they provide a means for creating, in situ, a con- 
tainment system that will limit further movement 
of contaminants until they can be safely and ef- 
fectively removed. The montan wax grout ap- 
pears to be compatible with most of the common 
types of hazardous waste, with the exception of 
glycols which rapidly degrade the grout. Radia- 
tion compatibility testing has not yet been per- 
formed. 

POTENTIAL COMMERCIAL 
APPLICATIONS 

A market survey has not been done in the U.S., 
and the market potential is unknown. However, 
site owners with contaminant sources such as leak- 
ing tanks would be likely candidates for use of 
the technology. Barrier placement would be par- 
ticularly useful in situations where appropriate 
fmal remediation technologies have not yet been 
developed. The montan wax grout also has PO- 
tential to enhance other remedial technologies, by 
providing an in situ method for flow redirection. 

BASELINE TECHNOLOGY 

This grout may be compared with typical chemi- 
cal grouts, including sodiumsilicate grouts. Com- 
parisons with laboratory grout permeation stud- 
ies using glyoxal-modified sodium silicate grout 
have indicated that the montan wax results in 
lower post-grouthig hydraulic conductivity val- 
ues. STATUS 

The technology is in the field stage of develop- 
ment. The second phase of field testing will in- 
corporate multiple-borehole tests performed to 
evaluate the feasibility of constructing a compe- 
tent subsurface barrier of sufficient lateral extent 
and hydraulic integrity to support DOE environ- 
mental restoration needs. Radiation compatibil- 
ity tests and additional durability studies are also 
planned. 

INTELLECTUAL PROPERTY 
RIGHTS 

A patent on the montan wax emulsion is held by 
Vereinigte Mitteldeutsche Braunkohlenwerke AG 
(MIBRAG) of Bitterfeld, Germany. 

FOR MORE INFORMATION 

ITES REPRESENTATIVE 
CHARLES F. VOSS 
Golder Federal Services, Inc. 
4104 148th Ave N.E. 
Redmond, WA USA 98052 

REGULATORY CONSIDERATIONS 

U.S. regulatory issues restricting the use of this 
technology have not been identified. 

(206) 882-0163; FAX (206) 882-5498 
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TECHNOLOGY DEVELOPER 

Klaus Pertl, Tecmont 
EBO House 
2A Dancer Road 
London, U.K., SW6 4DX 
Tel. No. (44) 7 1 73 1 0356 
FAX (44) 71 384 1641 

REFERENCES 

1. Voss, C.F. , 0. Caldonazzi and K. Pertl, "Evalu- 
ation of a Montan-Wax Emulsion for Con- 
structing Subsurface Barriers," presented at 
E R  93 Environmental Remediation Confer- 
ence, Augusta,GA, October 24-28, 1993. 
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,BASELINE TECHNOLOGY REFERENCES 

For horizontal containment (up to 30 m deep), 
slurry wall, interceptor trenches, sheet piles and 
Withdraw1 wells are the baseline technologies. At 
greater depths, clay-based grouting is the baseline 
technology. 

INTELLECTUAL PROPERTY 
RIGFITS 

STG owns the intellectual property rights. 

FOR MORE INFORMATION 

ITES REPRESENTATIVE 
CHARLrn voss 
Golder Federal Services, Inc. 
4044 148th Avenue, NE 
Redmond, WA 98052 
(206) 882-0163 

MK/STG JOINT VENTURE 
KATEY LEVIHN 
Morrison Knudsen Corporation 
P.O. Box 73 
Boise, ID 83729 
(208) 386-6115 

TECHNOLOGY DEVELOPER 
Y. KTPKO 
Antratsit, Ukraine 

1. Kipko, Ernest Y., Yuri A. Polozoy, 0. Yu, 
Lushinkova, “Integrated Grouting and 
Hydrogeology of Fractured Rocks in the 
Former USSR,” Society for Mining, Metal- 
lurgy and Exploration, Inc., Littleton, COY 
1993. 

2. Roberds, Wfiam J., and Arthw R. DuCharme, 
“Evaluation of Grouting Technology: DOE 
Perspective,” US EPA Fourth Forum on Inno- 
vative Hazardous Waste Treatment Technolo- 
gies: Domestic and International, San Fran- 
cisco, California, November 1992. 

3. DuCharme, Arthur R., William J. Roberds, and 
Richard D. Jimenez, “Matching Leading DOE 
Waste Management and Environmental Res- 
toration Needs with Foreign-Based Technolo- 
gies: FY 92 Final Report”, System Analysis/ 
Environmental Restoration in Western Europe, 
”’P No. AL-2233-05, International Technol- 
ogy Exchange Program, October 1992. 
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5.0 CONCLUSIONS 

The International Technology Exchange Staff of the U.S. Department of Energy (DOE) has been in- 
strumental in identifying and evaluating international technologies that have a high potential for meet- 
ing DOE’S .environmental restoration and waste management technology needs. This International 
Technology Catalogue is designed to serve as a vehicle for the DOE to facilitate interactions between 
U.S. businesses and foreign technology developers and to assist with the potential for the import of 
innovative technologies to the DOE complex. 

! 

The International Technology Catalogue contains information that can also be used to identify oppor- 
tunities for collaborations with U.S. commercial partners and enhance the U.S. environmental industry 

the time of printing of this publication. Interested U.S. businesses are invited to review the information 
and pursue, with the foreign developer indicated in the technology profile, any interactions that would 
be appropriate for the technology involved. 

as a whole. Information cited in each technology description and profile consists of that available at 

The references cited in this publication provide a source of additional information that pertains to the 
screening, selection and evaluation of applicable foreign environmental technologies to the DOE com- 
plex. These references also contain summaries of activities performed by the International Coordina- 
tion task teams supported by the DOEEM-52.1 staff and budget allocations. 
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