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ABSTRACT

The International Technology Program (ITP), formerly the International Technology Exchange
Program (ITEP), of the Department of Energy's (DOE's) Office of Environmental Restoration and
Waste Management (EM) is responsible for promoting: (1) the import of innovative technologies
to better address EM's needs; and (2) the export of US services into foreign markets to enhance
US competitiveness. Under this program: (1) the environmental restoration market in Germany
was evaluated, including the description of the general types of environmental problems, the
environmental regulations, and specific selected contaminated sites; and (2) potentially innovative
environmental restoration technologies, either commercially available or under development in
Germany, were identified, described and evaluated. It was found that: (1) the environmental
restoration market in Germany is very large, on the order of several billion US dollars per year,
with a significant portion possibly available to US businesses; and (2) a large number (54) of
innovative environmental restoration technologies, which are either commercially available or
under development in Germany, may have some benefit to the DOE EM program and should be
considered for transfer to the US.
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EXECUTIVE SUMMARY

One of the primary goals of the Department of Energy's (DOE's) Office of Environmental
Restoration and Waste Management (EM) is to remediate waste sites throughout its complex and
bring the facilities into full compliance with US environmental regulations by 2019. Within EM,
the Office of Technology Development (OTD) has the charter to develop technologies to support
the cleanup goal. In addition to developing and demonstrating US technologies, OTD is looking
for foreign technologies that may be suitable for addressing the DOE's needs. OTD initiated the
International Technology Exchange Program (ITEP) in 1991 to cooperate with foreign
governments, industries, and educational institutions to identify worldwide needs for remediation
of waste sites and evaluate and transfer promising technologies among the various countries
involved. Sandia National Laboratories (SNL) has had the primary role of ITEP integrator,
directing and coordinating the activities of various contractors.

During its first year, ITEP targeted several countries in Europe to begin its search for new or
innovative technologies. This study documents a study of Germany's environmental restoration
needs and technologies that have been used or are being developed to address these needs. The
study was performed by Golder Associates Inc. in Seattle, Washington and was supported by
Golder Associates Umwelttechnik GmbH in Celle, Germany.

This study utilized a number of sources to investigate the environmental problems and
technologies in Germany including literature reviews of technical publications, databases of
environmental-related information, and direct contacts with representatives from government
ministries, national research establishments, universities and industry in Germany. The search
was limited to environmental restoration technologies; it did not include waste management
technologies. The technologies are grouped by generic categories related to the DOE's
environmental restoration and waste management program.

There are serious environmental problems in Germany resulting from decades of heavy industrial
production and general indifference towards the environment, particularly in the former German
Democratic Republic (eastern Germany). Western Germany has an estimated 99,300 potentially
hazardous waste sites. Recent estimates are that 50% of the potentially hazardous abandoned
industrial waste sites and 10% of the potentially hazardous abandoned waste disposal sites pose a
health risk potential to the surrounding populations. Cleanup cost estimates range from DM
17,000 to 100,000-million. There are an additional 47,100 contaminated sites in eastern
Germany with a majority of the sites in the area of Leipzig, Halle, Bitterfeld, and Merseburg.
The cost for environmental cleanup in these areas could be as much as DM 11,000-million by the
year 2000.

Beginning in the 1970s, the public's attitude about environmental issues changed dramatically in
Germany. Protecting the environment is now one of the greatest concerns of the German public.
In the 1991 federal budget, the German government allocated over DM 6.5 billion for
environmental protection and improvement in Germany. Of this, approximately DM 1.5 billion




is being spent on research and development. This has resulted in a vigorous market for
"environmental firms" in Germany and a significant effort to develop new and innovative
technologies. There are over 4,000 companies involved in the environmental market in Germany
employing an estimated 440,000 people.

While there is a large investment in environmental restoration technologies in Germany, the
number of technologies involved is relatively small, i.e., there are few disparate methods in any
of the categories. A majority of the research programs attempt to improve a technology instead
of developing ones that are fundamentally different.

Fifty-four of the technologies evaluated are considered to be innovative. A majority (52%) are
associated with waste treatment such as extraction processes. The next largest categories are site
waste removal (13%) and in situ containment (11%) with the remaining technologies being fairly
evenly distributed: in situ treatment (7%); waste disposal (7%); and site characterization (7%).
The exception is the waste transportation/storage category, which contains only one technology.

Few of the technologies identified are unique to Germany. The rapid transfer of information via
journal articles, symposia, etc., and the large market in environmental restoration has resulted in
technologies being fairly ubiquitous. Government research organizations often have cooperative
research areas with their counterparts in other countries sharing ideas and breakthroughs. The
companies and institutions developing technologies that are really new and promising are
unlikely to divulge information until their product is mature enough to bring it to market.

vi



1 INTRODUCTION

One of the primary goals of the Department of Energy's (DOE's) Office of Environmental
Restoration and Waste Management (EM) is to remediate waste sites throughout its complex and
bring the facilities into full compliance with US environmental regulations by 2019. Within EM,
the Office of Technology Development (OTD) has the charter to develop technologies to support
the cleanup goal. In addition to developing and demonstrating US technologies, OTD is looking
for foreign technologies that may be suitable for addressing the DOE's needs. OTD initiated the
International Technology Exchange Program (ITEP) in 1991 to cooperate with foreign
governments, industries, and educational institutions to identify worldwide needs for remediation
of waste sites and evaluate and transfer promising technologies among the various countries
involved. Sandia National Laboratories (SNL) has had the primary role of ITEP integrator,
directing and coordinating the activities of various contractors.

During its first year, ITEP targeted several countries in Europe to begin its search for new or
innovative technologies. This study documents a study of Germany's environmental restoration
needs and the technologies that have been used or are being developed to address these needs. The
study was performed by Golder Associates Inc. in Seattle, Washington and was supported by
Golder Associates Umwelttechnik GmbH in Celle, Germany. The following approach was used
to perform the survey:

« identify generic waste management and environmental restoration needs and
activities relevant to the DOE complex;

« identify the nature and extent of environmental restoration problems in Germany;
and

+ identify mature and developing German technologies for remediating contaminated
sites.

The survey utilized several resources for collecting the information: (1) federal and state ministries
were contacted to learn about environmental problems thronghout Germany and research and
development programs in place for developing new environmental technologies; (2) technical
universities and research institutes throughout Germany were contacted; (3) literature reviews were
performed in Germany and the US to identify references to specific environmental restoration
projects in Germany which utilized non-standard technologies; and (4) several German and US
databases were searched for relevant information.

The information in this report is presented as follows. Section 2 provides a synopsis of
environmental problems in Germany. Section 3 presents an overview of the environmental
regulations and the governmental structures that exist. These factors have considerable influence
over the types of technologies being developed in Germany and account for differences in the
structure and implementation of environmental regulations in Germany and the US. Section 4
contains tables of innovative German technologies. The technologies are grouped according to
generic waste management and environmental restoration needs and activities categories relevant to
the DOE complex. A list of agencies associated with German environmental issues is provided in
Appendix A. Appendix B contains detailed information on a cross section of 15 of the most
serious environmental contamination problems facing Germany.
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2 ENVIRONMENTAL OVERVIEW OF GERMANY

Germany is a country of geographical and historical complexity. It contains a range of peoples
speaking variants of the German language over a range of Central Europe that has had a great
diversity of political forms. In fact, for most of "Germany's" history, the country has included
non-German speaking peoples. Germany is formed of regions which have had their own existence
as independent provinces or principalities. As a result, there are striking regional variations based
more on political, cultural and socioeconomic history than on geography. In more recent times,
Germany has meant either the Federal Republic of Germany, or West Germany, with its capital in
Bonn, or the German Democratic Republic, or East Germany, with its capital in Berlin. With the
unification of the two Germanies, it is even more difficult to describe the country in general terms.
These areas will hereafter be referred to as western and eastern Germany.

Topographically, the country extends from the coasts of the North Sea and Baltic Sea through the
north German plain until the land is broken by the hillier country of the central German uplands
and then continues through the gently rolling hills of southern Germany to the foothills of the Alps
on the borders of Austria and Switzerland. The climate varies from mild, wet Atlantic weather in
the north and west to a drier climate in the south and east with cold, snowy winters and hot
summers. Natural resources in the country are also variable. There are vast deposits of low-grade
lignite in the eastern portion in the Halle-Leipzig area. Until recently, this area produced about
one-third of the world's total production of brown coal. Higher grade bituminous coal deposits are
mined in the Ruhr area and account for most of the energy production in the country. There are
small amounts of natural gas and oil in the country but they are insufficient to meet the current
energy needs. These needs are offset somewhat by the use of nuclear power stations in western
Germany. Other mineral deposits include iron, lead, copper, zinc, and potash.

With the exception of Belgium, the Netherlands, and possibly the United Kingdom, Germany has
the highest population density of the European countries with approximately 222 people per km?2.
Eastern Germany's population remained almost static after the end of World War II at around 17
million while western Germany's population rose by 50% to around 62 million. However, the
average annual population growth rate has been declining recently with a projected rate of -74,000
people per year over the period from 1995 to 2000 (World Resources Institute, 1992). Eastern
Germany's citizens tended to remain residents of medium-sized towns and smaller communities
with a relatively low population density while in western Germany there was a higher degree of
urbanization. The country consists of 16 states, 11 in western Germany and five in eastern
Germany. Table 2-1 provides summary information about the states, including their association
prior to unification, the population, surface area, and capital.

The economy in western Germany relied much more on industry than the more agriculturally based
eastern Germany. At the time of economic unification, the gross domestic product was $23,500
per person in western Germany compared with $8,040 in eastern Germany (The Economist,
1992). Figure 2-1 shows the population density and gross domestic product in each of the states.

Following monetary union, the economy of the eastern German states collapsed. There are three
main reasons given for the crash (The Economist, 1992). When the east German currency was
converted to the west German Deutsche Mark, the real wages being paid increased dramatically,
exceeding in many instances, the income that could be generated from sales of the products being
produced. Second, demand for eastern German goods dropped profoundly after monetary union.
During the post-war era, industrialization in eastern Germany increased significantly, but the
quality of goods was considered poorer than goods produced in western Germany. Following
unification, eastern German residents had access to western goods and currency, and demand for
goods produced in the east plummeted. In addition, the trading arrangement between Soviet and
eastern European states collapsed, ending demand for approximately two-fifths of eastern




TABLE 2-1. GENERAL INFORMATION ON GERMAN STATES

State (German spelling | Former Population Area Capital |
in parentheses) Association | (in millions) | (sq. km.)
Baden-Wiirttemberg West 9.5 35,752 Stuttgart i
Bavaria (Bayern) West 11.2 70,552 Miinchen

" Berlin East/ 3.4 883 Berlin

West :

Brandenburg East 2.6 29,000 Potsdam
Bremen West 0.7 404 Bremen il
Hamburg West 1.6 755 Hamburg
Hesse (Hessen) West 5.6 21,114 Wiesbaden
Meckienburg-Western East 2.1 26,700 Schwerin
Pomerania
(Mecklenburg-Vorpommern) _ _
Lower Saxony West 7.2 47,000 Hannover
(Niedersachsen)
North Rhine-Westphalia West 17.1 34,068 Diisseldorf
(Nordrhein-Westfalen)
Rhineland-Palatinate West 3.7 19,849 Mainz
(Rhineland-Pfalz)
Saarland West 1.0 2,570 Saarbrucken
Saxony (Sachsen) East 4.9 17,700 Dresden
Saxony-Anhalt (Sachsen- East 3.0 20,300 Magdeburg
Anhalt)
Schleswig-Holstein West 2.6 16,000 Kiel
Thuringia (Thuringen) East 2.7 15,200 Erfurt
Totals for all of Germany 1789 _1357,847

Germany's exports. Support of the eastern economy is now provided by western Germany. In
1991, government transfers to the eastern states were around DM 170-billion, compared with DM
30-billion collected in taxes from these states, resulting in a net shift of DM 140-billion (The
Economist, 1992). About a quarter of this money is going into investment in the east, with the rest
spent on entitlement.

Prior to unification, businesses in eastern Germany were owned and operated by the state. Since
unification the Treuhand, a federal government agency, has the responsibility of privatizating,
restructuring, and closing down former state industries. The Treuhand was initially responsible
for approximately 4 million jobs and 12,000 businesses. About half of the businesses have been
sold to date. In addition, the Treuhand has taken on the debts incurred by the formerly state-
owned businesses. Included with these debts are the significant environmental damages caused by
the businesses. Nevertheless, western German companies are investing capital to develop
industries in the east, including many of the major automobile manufacturing and chemical
companies.

From 1949 until 1990, when Germany was divided into the separate countries of East Germany
and West Germany, each country controlled environmental and industrial regulation separately.
Environmental regulations and health standards were essentially nonexistent in eastern Germany,
and the resulting environmental damage is severe. The shorter life expectancy at birth in eastern
Germany, 74.5 years compared with 76.0 years in western Germany (World Resources Institute,
1992), may likely reflect differences in environmental quality, particularly in air quality. Referring
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to environmental problems in eastern Germany, Fritz Franzmeyer of the German Institute for
Economic Research stated, "The problem is primarily the result of a faulty, mismanaged economic
system. Production, without restraints on damage to the environment, appears to have been the
only consideration" (Christian Science Monitor, 1990). The Federal Ministry for the Environment
has identified four factors causing the serious level of environmental pollution: (1) a very
inefficient system of energy supply based extensively on lignite; (2) an outdated production

system; (3) a poor infrastructure for waste management; and (4) a large-scale industrial farming
structure using large amounts of chemicals and vast, continuous tracts of land (Federal Ministry for
the Environment, 1992).

In recent years, environmentalism has become a powerful factor in German politics, as evidenced
by the rise of the Green Party in the early 1980s. Significant media attention has been directed
toward environmental problems. Since unification, the severe level of environmental
contamination in industrial areas of eastern Germany has received much publicity. Prior to
unification, the West German parliament had already approved an expenditure of $59 million on 21
priority remediation projects in eastern Germany (Christian Science Monitor, 1990). Since
unification, the German government has allocated additional funding for immediate use on
contaminated site cleanup in eastern Germany. Recent funding includes DM 500-million spent on
immediate measures for over 600 projects in eastern Germany in the second half of 1990, DM 400-
million spent on immediate measures in 1991, and an additional DM 400-million available for
immediate measures in 1992. DM 250-million has been allocated for reducing pollution in all of
Germany, with a large percentage of this going to eastern Germany, and up to DM 1,700-million
was available in 1991 for developing environmental infrastructure at the local level, including
assistance measures and loans (Federal Ministry for the Environment, 1992).

The Federal Ministry for the Environment has recommended several immediate and medium-term
measures to aid government officials in making decisions on ecological recovery in eastern
Germany. The recommended immediate measures include: (1) surveys of drinking water wells and
closure of wells with nitrate pollution over 90-mg/l; (2) installation of smog monitoring systems;
(3) closure of highly polluting facilities with poor potential for upgrading; (4) substitution of lower
emission fuels for high-sulfur lignite; (5) securing and possible closure of waste management
facilities and waste deposits with acute hazards; (6) setting restrictions for soils polluted by heavy
metals, toxic organic substances, and radioactive substances; (7) initiation of remedial measures
where residential areas are polluted by dioxin in excess of 1,000-ng/kg; and (8) restrictions on the
use of soils heavily polluted by heavy metals and organic compounds, including discontinuation of
farming in the vicinity of metallurgical and waste incineration facilities. The medium-term
measures include: (1) updating antiquated water supply facilities with modern treatment
technologies; (2) modernization of old piping systems with high water losses; (3) construction or
upgrading of municipal and industrial sewage treatment plants; (4) refurbishment of the estimated
60 to 70% of existing sewage systems with structural defects; (5) development of municipal waste
collection and transport mechanisms; and (6) construction of waste treatment, recycling, storage,
and disposal facilities (Federal Ministry for the Environment, 1992).

2-1 Contributing Factors in Environmental Contamination

2-1-1 Major Population Centers and Industrial Areas

Historically, the level of environmental contamination has risen with increased population and
industrialization. Western Germany is highly industrialized, and manufacturing is the most
important contributor to the economy. Important industries include mechanical and electrical
engineering and manufacturing, chemical production, textile and clothing manufacturing, and
production of automobiles and other transport equipment. Mining accounts for a small portion of



the domestic product. Prior to reunification, eastern Germany had the most developed industrial
sector in eastern Europe. However, relative to western industry standards, much of the technology
in place was antiquated and inefficient. Important industries in eastern Germany included
engineering and manufacturing, chemical production, electronics, and metallurgy. Mining of
lignite, potash, uranium, and copper has also contributed to the economy.

The major population and industrial regions in Germany, and consequently, the areas expected to
have the highest concentrations of hazardous waste sites, are outlined below.

Major industrial areas in western Germany include:

+ The Rhine-Rubhr region, including the cities of Essen, Dortmund, and Diisseldorf,
has the highest population density in Germany and is the largest industrial area in
continental Europe. Chemical production is the largest industry in the area,
employing approximately 200,000 people (Chemische Industrie, 1991). Other
industries include textile, paper, automobile, galvanizing, pharmaceutical, and
plastics manufacturing, engineering, and electronics (Reuter, 1991).

* The Rhine-Main area, including the cities of Frankfurt, Mainz, and Wiesbaden, is
the second largest industrial area in Germany. Like the Rhine-Ruhr region,
chemical manufacturing is important in this area.

+ The Rhine-Neckar region, centered around Mannheim and Ludwigshafen, is also a
large chemical production area and includes the largest chemical plant in Germany,
operated by BASF at Ludwigshafen.

» The industrial area surrounding Stuttgart is home to numerous industries, including
automobiles, electronics, and precision instrument manufacturers.

» The other principal western German cities of Hamburg, Bremen, Cologne,
Miinchen, and Nuremberg-Fiirth have significant industrial bases.

Major industrial areas in eastern Germany include:

* The Leipzig area, including heavy industrial development in Bitterfeld, Halle, and
Merseburg, is the most severely polluted area in eastern Germany.

» The upper Elbe Valley, including the city of Dresden, is a large industrial center.

+ The Lusatian lignite mining and energy production area is centered on Cottbus,
southeast of Berlin near the Polish border. Cottbus is also a chemical production
center.

« The Mansfeld region west of Halle is a copper production area.

» Rostock was the principal port in eastern Germany and is the center of industry on
the Baltic Coast.

Prior to the 1970s, environmental regulations were minimal in both East and West Germany.
However, by the time unification occurred, vast differences in environmental regulation and
technological development existed between eastern and western Germany, and more recent sources
of contamination can generally be expected in eastern Germany.
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Possibly the most severe environmental damage in Germany is found in the area around the city of
Bitterfeld, a heavily industrialized region in Saxony-Anhalt. Industries in this area include
chemical manufacturers, a large cellulose factory, and open-pit coal mines. Since unification, the
most damaging facilities have been shut down, including the cellulose factory responsible for
discharge of 20-tonnes per day of waste organics into an abandoned open-pit mine, producing a
half-mile-long, foul-smelling pond known locally as Silver Lake.

In the Bitterfeld area, the public health has been seriously affected by contamination of drinking
water supplies and the atmosphere by local chemical industries. Serious complaints of bronchitis
and chest pains from the Bitterfeld area are three times greater than from any other part of eastern
Germany (The Independent, 1991). Statistics for the Bitterfeld area indicate that only 10% of
children less than three years old are considered to have normal health. In the past, the school
children from the Bitterfeld region were sent to islands in the Baltic Sea for one month to revitalize
them, because of a study indicating that children suffered fewer and less frequent periods of
bronchial and other respiratory problems after returning from Baltic vacations. Other studies show
that bone development in Bitterfeld children lag up to eight months behind normal.

Because many industries in eastern Germany used old, inefficient technology without pollution
controls, many facilities have been closed since unification, resulting in the loss of more than
80,000 jobs in the Bitterfeld area alone. The lack of pollution controls is illustrated by the
following examples:

+ . Brown coal power plants in the Bitterfeld area produced approximately three times
the amount of sulfur, carbon, and nitrogen gases produced each year in the entire
area of western Germany. Atmospheric sulfur levels in the region have been
reported to be over 100-times the official health limit. Health effects from the
pollution in the area are evident and various segments of the population suffer from
related illnesses (Reuter Newswire, 1990).

+ In Merseburg, the Buna Chemical plant operated without any emission control
devices and released effluent into the Saale River, a tributary of the Elbe (Christian
Science Monitor, 1990).

Power generation facilities associated with industries and cities can be significant sources of
environmental contamination and/or hazardous wastes. For example, high-sulfur lignite coal
resources are abundant in eastern Germany and have served as the primary energy source. Prior to
unification, approximately 70% of East Germany's energy was derived from burning high-sulfur
lignite with poor emission control, causing high levels of air pollution. The mining and processing
of lignite have also resulted in additional environmental damage. Large mining areas within
Brandenburg, Saxony, and Saxony-Anhalt have been strip mined. A land restoration program was
recently begun, and Germany plans to spend around DM 25-billion for environmental cleanup in
these regions. Restoration plans include the landscaping of slag heaps and recultivation of
contaminated soil. The duration of plan implementation is projected to be 20-30-years (Reuter
Newswire, 1991).

Germany has more than 20 nuclear power plants producing radioactive waste products that have
not yet been stored in a "permanent” repository. At least one of the two Soviet-made nuclear
power plants in eastern Germany, specifically located at Greifswald, has been shut down for safety
reasons. Prior to unification, East and West Germany followed different policies regarding the
handling, storage, and disposal of radioactive wastes. Since unification, the Atomic Energy Act
policies followed in western Germany will be applied to all wastes generated or currently stored
within Germany. The disposal policy requires that all radioactive wastes be deposited in deep
geologic structures. This includes spent fuel which could not be economically reprocessed as well
as all non-high-level wastes. Mixed wastes are not recognized as a separate waste category by the



German government and are simply treated as radioactive waste (Battelle Pacific Northwest
Laboratories, 1991).

Figure 2-2 depicts the location and type of power generation facilities in Germany producing over
100-MW, as of 1989. Energy sources for the facilities include hard coal, oil and gas, soft coal,
heating 011 nuclear hydroelectric, and co-generation.

2-1-2 Military Installations

East and West Germany were heavily militarized, including large numbers of American and other
North Atlantic Treaty Organization (NATO) troops and Soviet troops. Since unification, an
agreement has been reached for withdrawal of former Soviet troops and the US has agreed to
reduce operations and troops. Additional bases are operated by Germany, and other pre-World
War II sites also exist. The numerous military bases in Germany, reportedly have substantial
environmental problems, primarily because of poor chemical handling practices. Suspected
contaminants at military installations include fuels, degreasers, and munitions.

The US had 47 active installations in western Germany and Berlin as of July 1991, including 35
Army and 12 Air Force bases. Most of these bases are located in southern Germany in Bavaria,
Baden-Wiirttemberg, Hesse, and Rhineland-Palatinate. The US Air Force has acknowledged that
its operations have polluted surface or groundwater at every one of its bases in Germany, and the
US Army has identified more than 350 suspected contamination sites within the country
(Grossman and Shulman, 1991). Several examples include:

* In 1989, 300,000-gallons of jet fuel leaked from underground piping at Rhine-Main
Air Base into the aquifer providing water to Frankfurt. A soil and groundwater
remediation program is in progress, which West German officials expect to take at
least five years and $15 million to complete (Los Angeles Times, 1990). Also at
this base, runoff from a paint stripping facility, a repair yard, and aircraft
maintenance areas had drained directly into surrounding soil.

» At Bitburg Air Base in Rhineland-Palatinate, organic waste, chemicals, and
solvents flowed into the Kyll River and feeder streams for many years because of
inadequate sewage treatment facilities. The Air Force recently completed a new
treatment plant in response to complaints by German authorities. In addition, fuel
storage and piping systems have been replaced because of extensive leakage
problems (Los Angeles Times, 1990).

* Atalarge US Army base in Mannheim, trichloroethylene (TCE) and other solvents
used to clean vehicles infiltrated the soil and were detected in a nearby water supply
well. TCE and similar solvents are heavier than water, adding to the difficulties in
performing site remediation. A pump-and-treat operation is in progress. Cleanup
costs for this site are estimated to exceed $10-million over a 10-year period
(Grossman and Shulman, 1991).

+ A tank at a US Army base near Karlsruhe has leaked 265,000-gallons of oil, most
of which has migrated off-site. At least $9 million has been spent on remediation,
with more work required to achieve cleanup (Los Angeles Times, 1990).

No definitive information has been obtained concerning environmental problems at German, non-
American NATO, or Soviet bases in Germany. However, it is expected that waste management
practices at these bases were similarly poor, and problems with solvent and fuel releases are
expected to be common. Other hazardous or radioactive chemical releases and ammunition
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disposal are likely to have occurred. At the end of February 1991, Klaus Topfer, the German
Environmental Minister, said contaminated military sites left by the Soviet Army have been found
in eastern Germany (Haznews, 1991c). Funding has not been appropriated by the German
government to address problems at former Soviet bases, except in cases of immediate danger.

2-1-3 Waste Treatment and Disposal Facilities

Waste treatment and disposal facilities can be significant sources of contamination, especially those
that have been in operation for many years. For example, at many locations throughout Germany,
old quarries were used for waste disposal without regard to design or hydrogeologic
considerations. Landfills were the primary waste disposal mechanism in eastern Germany, with
generally small and unorganized sites operated without observing the "usual” standards (Federal
Ministry for the Environment, 1992).

Figure 2-3 presents locations of special waste treatment and incineration facilities in Germany. The
treatment facilities shown are for pretreatment prior to incineration or disposal. Treatment includes
acid neutralization, flocculation, oxidation or reduction, dewatering, floatation, emulsion
separation, or osmosis. Incineration capacity is approximately 800,000-metric tonnes per year.
The highest density of facilities is in the Rhine-Ruhr area, associated with the large industrial base
in that region.

In 1987, approximately 31 million metric tonnes of household refuse and industrial wastes similar
to household refuse, and approximately 152 million metric tonnes of manufacturing and medical
wastes were produced and disposed. These figures include an estimated 10-million metric tonnes
of hazardous waste (Federal Ministry for the Environment, 1992).

Figure 2-4a shows locations for land-based waste disposal and composting facilities in Germany.
Figure 2-4b presents a list of the facility names by state; note that there are no facilities in the states
of Bremen, Berlin, or Hamburg. Facilities are classified by their location (eastern or western
Germany) and type. Although eastern German facilities are classified by waste type, it is possible
that hazardous and toxic wastes were placed in any of the facilities, given the low level of
regulatory oversight there. More than 20 underground facilities are shown on the figure and are
generally located in old mines. Most of the other facilities are household waste landfills or landfills
for construction and other wastes.

Waste facilities in Germany include two underground repositories located at Herfa-Neurode in
Hesse and Zeche Zollverein in North Rhine-Westphalia. The underground waste disposal plant at
Herfa-Neurode was established in 1972 by Kali und Salz AG for the underground storage of
hazardous wastes. The disposal site is within a potash mine in a 300-m thick salt formation located
at approximately 800-m depth. Extraction of the potash was performed using the room and pillar
method, leaving "rooms" that can be used for disposal.

According to the operator, numerous categories of waste are stored at the disposal site (Kali und
Salz, undated). Wastes include: cyanide; hexachlorinated benzene; arsenic compounds; mercury
residues and organic mercury compounds; residues with heavy metals; chemical distillation
residues; residues from sewage purification; dye residues; chlorinated solvent residues; waste tar;
unusable laboratory chemicals set in concrete; agricultural pesticides; used dry batteries, brake
linings, broken fluorescent tubes, old pharmaceuticals; poly chlorinates biphenyls (PCBs)-
containing capacitors and drained but still contaminated transformers and incinerator ashes
containing salts and possible dioxins. According to the report, no contaminated soil is being
deposited in the facility. In addition, no explosive, ignitable, liquid, radioactive, or undefinable
mixtures are accepted.
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A Public Incineration Fadility
A Privately Managed Incineration Facility

[m @  Special Waste Treatment Facility
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Waste is secured in the facility by the following mechanisms:

« Packing — Fireproof, tightly sealed, chemically and mechanically stable containers
are used, and in special cases the concrete or other additional isolation material may
be used.

+ Walling up — Following filling of a room, a brick wall is constructed that
completely surrounds the stored wastes and separates them from other mining
rooms.

« Damming up of storage fields — Storage fields include cavities for approximately
five years' storage time, which are hermetically sealed with two brick walls
separated by a distance of 5-to 6-m, with the space filled tight with anhydride
concrete.

« Shaft filling — When waste disposal at Herfa-Neurode is completed, plans call for
filling of the shafts with low-permeability substances.

Waste samples are collected from each waste consignment to confirm and verify waste
composition. These samples are permanently stored in a special storage area as a physical record
of stored wastes. The estimated capacity of Herfa-Neurode is currently 20 additional years.
However, potash mining in adjacent areas is creating cavities that may also become part of the
waste disposal facility.

More treatment and disposal facilities, including underground disposal sites, are considered
necessary by the German government to handle wastes produced during cleanup of eastern
German sites. The government is investigating potential use of former potash mines in the eastern
German states of Saxony-Anhalt and Thuringia as underground disposal sites for special wastes
(Haznews, 1991c). It is expected that these sites would be operated in a manner similar to Herfa-
Neurode.

German officials have documented an increase in illegal exports of hazardous waste, which is due
to a lack of facilities and the high cost of treatment and disposal. Crimes related to the illegal
disposal of waste were up by 19.2% in 1991 (Haznews, 1992d). Legal treatment and disposal
costs are between DM 1,000-6,000 per metric ton, compared to as little as DM 5-10 per metric ton
for illegal disposal, according to the Federal Environment Agency in Berlin.

All radioactive waste in Germany is placed in temporary storage facilities at this time. The
responsibility of radioactive waste conditioning and interim storage is placed on the producer until
the waste can be transported to a state-operated collection center or federal disposal facility. All
costs are borne by the producer through direct conduct of the work or through payment to 2 fund
which supports work conducted by the government. High-level liquid waste conditioning and
immobilization have been under development in Germany for many years. Currently, all high-
level waste in Germany is generated and stored at the WAK pilot-scale reprocessing plant.

Two deep geologic repository sites are under investigation in western Germany for radioactive
waste disposal. The Konrad site is located in an abandoned iron mine in Lower Saxony. Plans
call for a repository there to begin receiving waste in 1994. The Gorleben site is within a large salt
dome in Lower Saxony and has been nominated as the location for a high-level waste repository.
Underground exploration at the site is expected to be completed between 1995 and 1999.

German planning calls for all non-heat-generating intermediate- and low-level wastes to be
disposed of in the Konrad repository. Prior to disposal, wastes will be conditioned by a variety of
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methods, including evaporation, filtration, compaction, incineration, bituminization, and
solidification in cement. Treatment is generally performed on-site, often with portable equipment.

All high-level radioactive waste, including non-standard spent fuel elements, vitrified high-level
waste, and other heat-producing wastes, will be considered for disposal at the Gorleben
repository. Spent fuel rods will be consolidated and encapsulated in casks prior to disposal.
Vitrified high-level waste being returned from foreign reprocessing plants will also be deposited at
the Gorleben repository site.

Prior to unification, a low- and intermediate-level nuclear waste repository was in operation in
Morsleben, Saxony-Anhalt within an abandoned potash and salt mine. Three main types of final
disposal were performed: (1) conventional handling and stacking of drums; (2) dumping of
intermediate-level solid radioactive waste by means of a contamination lock above the solid waste
disposal cavern; and (3) in situ solidification of liquid waste. Each method was carried out in
separate caverns in the salt approximately 500-m below ground (Nuclear Engineering International,
1990). The repository was operated from 1972 to 1990, but operation has since been halted to
permit evaluation.

All spent fuel elements in eastern Germany were transported to the former Soviet Union for
reprocessing and subsequent disposal. No other high-level waste was reportedly generated or
disposed of in eastern Germany.

2-2  Specific Contaminated Problems in Germany

The scale of environmental damage and associated costs and health effects are uncertain in
Germany. Estimates of the number of contaminated sites are presented in this chapter, followed by
a discussion of specific contamination problems in Germany with emphasis on soil, groundwater,
and river system contamination.

2-2-1 Estimated Number of Contaminated Sites

According to Heinrich Freiherr, President of the Federal Ministry for the Environment, monitoring
and registration of suspected contaminated sites is difficult because of the lack of a national
approach to contaminated site registration (Haznews, 1991e). Steps are being taken to improve
estimates and registration of sites. The German government is planning a "contaminated site
center” that will be responsible for collecting and managing contaminated site data and for
coordination of cleanup measures (Haznews, 1991d).

Estimates of the number of suspected contaminated sites in Germany have been increasing as
additional studies are performed. In 1983, the Federal Environment Agency estimated 28,000
potential hazardous sites existed in West Germany. In 1985 and 1987, the estimates increased to
35,000 and 42,000, respectively (Jessberger, 1992). By 1989, 48,000 potential hazardous sites
were recorded in West Germany (BMFT, 1991a). Following unification, an estimate as of
October 1991 by the Federal Environmental Agency, indicated that 146,400 suspected
contaminated sites exist in Germany, including 99,300 sites in western Germany and 47,100 sites
in eastern Germany. Further predictions by the Federal Environmental Agency suggest that
180,000 sites will be identified when surveys are complete. Of these, an estimated 10 to 20% will
require remediation to reduce public health risks to acceptable levels, resulting in an estimated
18,000 to 36,000 sites in Germany potentially requiring some form of remediation (Jessberger,
1992). Individual state estimates of suspected contaminated sites are shown in Figure 2-5. A
breakdown of the types of contaminated sites by region or state is presented in Table 2-2.
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Additional information on the distribution of suspected contaminated sites by type is available for
eastern Germany. According to a study conducted by the Institut fiir Wirtshaftsforschung, a
German economic forecasting institute, there are an estimated 27,700 suspected contaminated sites
in eastern Germany, consisting of approximately 11,000 waste dumps, 15,000 industrial sites,
700 armament sites, and 1,000 areas of extensive ground contamination. This information is
presented for each eastern German state in Figure 2-6. Of the total estimated number,
approximately 2,500 have been confirmed as contaminated, including approximately 1,100 waste
dumps, 1,300 industrial sites, 40 armament sites, and 60 areas of extensive ground contamination.
The study did not include former Soviet army sites, radioactive contamination sites, or agricultural
soil contamination. Total remediation costs for the sites were estimated in the study to be DM
211,500-million (Haznews, 1991e).

2-2-2 Examples of Contaminated Sites

A review of 15 contaminated sites within Germany is presented in Appendix A to illustrate the
extent and nature of hazardous waste cleanup problems in Germany. The descriptions include
some of the more severe problems to be addressed. Sites included in Appendix A are:
Georgswerder Landfill, Hamburg; MiiggenburgerstraBe Landfill, Hamburg; Altwarmbiichen
Landfill, Lower Saxony; Miinchenhagen Landfill, Lower Saxony; Grube Merkel/Gifhorn, Lower
Saxony; Bielefeld-Brake Landfill, North Rhine-Westphalia; Prael Landfill, Rhineland-Palatinate;
Hirschhagen, Hesse; Malsch Landfill, Baden-Wiirttemberg; Marktredwitz, Bavaria; Schénburg
Landfill, Mecklenburg-Western Pomerania; Deponie Antonie, Saxony-Anhalt; Heideloh, Saxony-
Anhalt; Wismut AG, Thuringia and Saxony; and Firma Oel Pintsch Gmbh., Berlin.

2-2-3 Soil and Groundwater Contamination Susceptibility

Groundwater is the primary water source in Germany, accounting for approximately 85% of the
water supply. The following overview illustrates the regional variability of groundwater resources
and general susceptibility to subsurface contamination within Germany.

The geological formations in Germany can be classified into four general units based on age:

o+ Cambrian through Carboniferous age, strongly deformed, intrusive igneous and
metamorphic units;

» Permian through Tertiary age, moderately deformed, sedimentary and extrusive
igneous units;

» Tertiary molasse deposits adjacent to the Alps; and
e Quaternary glacial deposits.

The oldest unit consists of rocks from Cambrian to Carboniferous age. These rocks are heavily
folded and faulted, with large sections significantly metamorphosed. Plutonic rocks have intruded
the sediments in many areas. This group of rocks outcrop in various regions of Germany,
including the Harz Mountains, the Rhine Massif, the Black Forest, and the Frankenwald (Ziegler,
1982; Liittig et al., 1980). The rocks of this unit are characterized by very low permeabilities, and
groundwater resources are generally limited to low-yield wells producing from fracture zones.
Groundwater in these zones may be highly susceptible to contamination, if releases to fracture
Zones OCCUr.
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The Permian to Tertiary age group overlies older rocks at an unconformity and is composed
primarily of sedimentary rocks. This unit has been subjected to the Saxonian orogeny, an event of
moderate strength in the Tertiary causing broad folding and uplift of moderate elevation mountain
ranges, such as the Harz Mountains. During this time, vast thicknesses of limestone were
deposited, as well as sandstones, siltstones, and shales. Other lithological units include Permian
salt deposits, basalts and other volcanic rocks deposited at various times throughout the period,
and coal beds deposited during the Upper Carboniferous in the Ruhr region. Since deposition,
Permian salts have formed diapirs (salt domes), which are one of the main oil trap structures in
northern Germany. The Permian through Tertiary aged rocks are widely exposed throughout
Germany in areas which extend from Hannover southward to approximately Stuttgart, Augsburg,
and Ingolstadt, and to the west as far as Dortmund. Throughout much of central and southern
Germany, these deposits are highly permeable, producing extensive and very productive aquifer
systems consisting of highly jointed and "karstified" limestone and dolomite deposits. Large
deposits of quartzose sandstones throughout central Germany and fractured basalts in the
Vogelsburg region are also highly permeable. Local regions of lower permeability clays, silts, and
sands are interspersed within the more permeable deposits (Ziegler, 1982; Liittig et al., 1980).
Groundwater supplies in these units are generally expected to be highly susceptible to
contamination, unless low permeability clays with limited fracturing are present near the surface to
provide a barrier to contaminants.

From the Alps northward through the Miinchen and Augsburg area, Tertiary molasse deposits are
present, consisting of sedimentary units including conglomerates, sandstones, and shales
associated with uplift of the Alps in the Tertiary (Ziegler, 1982; Liittig et al., 1980). The
permeability of the molasse deposits generally ranges from very low to moderate with good
production found only in localized aquifers. Contaminant susceptibility of these aquifers is
variable, depending on the presence of a low permeability unit between the ground surface and the
aquifer. Unconfined aquifers in this formation are considered highly susceptible to contamination.

Quaternary glacial and other unconsolidated sediments are exposed from the northern boundaries to
as far south as Hannover in western Germany and Dresden in eastern Germany. These deposits
are generally composed of flat-lying Tertiary and Quaternary fluvial and glaciofluvial deposits
overlying the gently folded or dipping Permian through Tertiary units. The glacial deposits are
often sandy and consequently relatively high permeability materials. However, certain units have a
high clay content and may provide a low permeability barrier to contamination, provided significant
fracturing or desiccation is not present.

Considerable Quaternary glacial moraine deposits extend north of Miinchen off the northern flanks
of the Alps. Most of the morainal deposits are of low to very low permeability with localized
zones of moderate permeability and susceptibility to contamination. More productive and
permeable aquifers consisting of gravels and sands exist along the flanks of the many rivers
draining the Alps as well as within the Rhine Graben. In many areas of Germany, artificial
recharge work is performed within these highly permeable river valley deposits, drawing river
water through the ground into a system of extraction wells. The river valley deposits are highly
susceptible to contamination, because of high permeabilities and groundwater velocities (Wilderer
etal., 1985). Artesian conditions are found in the localized areas along river valleys to the north
and east of Miinchen.

Figure 2-7 presents a generalized hydrogeologic map of Germany. Additional information on
surficial geology in eastern Germany is presented in Figure 2-8.

2-2-4 Groundwater Quality

Chemical releases to the environment have caused widespread groundwater contamination in
Germany. According to the Federal Ministry for the Environment, groundwater quality has
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deteriorated in many areas in recent decades because of industrialization and intensive agricultural
production. Comprehensive surveys of the extent of groundwater contamination have not been
performed in Germany, but implementation of systems for groundwater sampling is in progress
(Federal Ministry for the Environment, 1992).

According to one source, fewer than half the people in eastern Germany have access to drinking
water that meets European Community (EC) standards (US Dept. of Commerce, 1992). A 1990
sampling program indicated that approximately 5% of wells had an excessive content of volatile
chlorinated organics (Federal Ministry for the Environment, 1992).

Further information on groundwater contamination in eastern Germany is presented in Figure 2-8.
Chemical data are provided for approximately 200 groundwater sampling points, although not all
chemical groups have been reported at each point. The chemical groups are reviewed below, with
results based only on points with reported data.

» Iron and manganese concentration limits were exceeded in approximately 80% of
samples reported, with high values detected in many areas of eastern Germany.

» Heavy metals concentration limits were exceeded in approximately 40% of the
samples, including high values detected in the Halle and Lusatian regions.

» Total water hardness or carbonate hardness was exceeded in approximately 10% of
samples reported, with high values commonly detected in the Halle area.

* Chlorinated organic concentrations were exceeded in approximately 15% of
samples reported, particularly in the Dresden area.

* Nitrate, nitrite, and ammonium concentration limits were exceeded in approximately
40% of samples reported, with high values distributed across eastern Germany.

» Chemical oxygen demand limits were exceeded in approximately 25% of samples
reported, with numerous high values detected in the Halle and Lusatian regions.

 Sulfate concentration limits were exceeded in approximately 20% of samples
reported, particularly in potash mining areas.

» Potassium and phosphate concentration limits were exceeded in approximately 5%
of samples reported, with high values noted at Halle and Magdeburg.

Comparable information for western Germany was not obtained.

2-2-5 Surface Water Contamination

Germany has relatively few lakes, with most located in the eastern and alpine regions. Germany is
drained by four principal river systems: the Elbe, the Weser, the Rhine, and the Danube. Figure
2-9 presents estimates of water quality in major rivers within western Germany for 1990. In some
areas of western Germany, rivers have been significantly impacted by point and non-point
discharges of contaminants. Similar graphical information has not been obtained for eastern
Germany. However, the following discussions describe river impacts in both eastern and western
Germany.

The Elbe River basin includes approximately 75% of the land area of eastern Germany (referred to
as the middle basin), and a relatively small portion of western Germany, including the Hamburg
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area (referred to as the lower basin). The headwaters of the Elbe River are in former
Czechoslovakia. The upper Elbe basin includes most of former western Czechoslovakia
(Bohemia), where the river is called the Labe. Several major industrial areas, including the Prague
metropolitan region, discharge into the basin so that river water is already highly contaminated at
the point where it crosses the German border.

The middie reach of the Elbe River is highly contaminated with oxygen-depleting substances,
including pesticides and fertilizers. The oxygen level is unstable and can be acutely low, especially
between Dresden (Saxony) and Magdeburg (Saxony-Anhalt). The middle and lower reaches of the
Elbe River are highly contaminated with heavy metals, particularly mercury between Dessau and
Magdeburg. The mercury concentration found in fish from the Elbe exceeds 5 mg/kg in many
areas of the river (Umweltbundesamt, 1992). According to Frankfurter Allgemeine Zeitung, silt in
the Elbe river is contarninated annually with 124 metric tonnes of lead, 22.5 metric tonnes of
mercury, and 12.7 metric tonnes of cadmium (Haznews, 1991f).

Measurements at Schnackenburg (Lower Saxony) indicate the Elbe is highly contaminated with
oxygen-depleting substances by the time it reaches this location. Very high concentrations of
dissolved organic compounds, ammonium, chromium and cadmium, chloride, orthophosphates,
total phosphorus, nitrate, lead, and nickel are also present. In the Elbe Estuary downstream of
Hamburg, the oxygen concentration is extremely low during the summer months, and periodically
has been measured at 0-mg/l (Umweltbundesamt, 1992).

Increased contamination of the Elbe River has been reported recently, including elevated levels of
mercury, lead, copper, and chromium, because of the cleanup of industrial sites in eastern
Germany. The environmental minister for Lower Saxony, Monika Griefahn, reported that while
levels of toxic chemicals decreased from 1987-1990 due to closing of production facilities along
the Elbe, levels of contaminants have increased significantly since 1990 due to contaminated site
remedial activities near the river (Haznews, 1991f). Fifty-eight treatment facilities are being built
to deal with pollution of the Elbe (European Chemical News, 1991).

The Weser River begins at the confluence of the Fulda and the Werra Rivers in central Germany
near Kassel (Hesse). The Weser flows northwards in Lower Saxony through Bremen and meets
the North Sea at Bremerhaven. The Weser is highly contaminated at its origin because of poor
water quality in the Fulda and the Werra. Sampling of the Fulda River has indicated periodically
high concentrations of chromium and cadmium, and elevated concentrations of orthophosphate and
total phosphorus, nitrate, lead, and nickel (Umweltbundesamt, 1992). In the Werra, high
concentrations of oxygen-depleting compounds and chloride, nitrate, total phosphorus, and heavy
metals have also been measured. The oxygen concentrations of the Weser are generally unstable,
and high pH values have also been measured. Pollution of the Werra is mainly a result of potash
mining, located primarily in Thuringia (Umweltbundesamt, 1992).

The Rhine drainage basin encompasses more than a quarter of Germany's land area and several
large metropolitan areas, including the Rhine-Ruhr area (Essen, Dortmund, Diisseldorf), the
Rhine-Main area (Frankfurt and Mainz), the Rhine-Neckar area (Mannheim), Koln, and Stuttgart.
The headwaters of the Rhine are in the Swiss Alps. The German portion of the river basin begins
at Lake Constance (Bodensee) along the southwest border of Germany in Baden-Wiirttemberg.
The Rhine flows from the west end of Lake Constance generally along the Swiss border, then at
Basel, Switzerland tumns north forming the French/German border until approximately Karlsruhe.
The Rhine flows entirely within Germany until the lower Rhine crosses into the Netherlands
downstream of Diisseldorf (North Rhine-Westfalia).

Pollution in the Rhine includes elevated chloride, nitrate, lead, chromium, and nickel

concentrations, and periodic low oxygen concentrations. The German association of water plants,
Arbeitsgemeinschaft Rhein-Wasserwerke, reports that nitrate pollution in the Rhine River has
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continued to increase while pesticide pollution has decreased to the point that only four of forty
pesticides are above the limit of 0.1 pg/l (Handelsblatt, 1989).

Several tributaries to the Rhine contain significant amounts of contamination. The Neckar River is
highly contaminated with fertilizers and pesticides, such as ammonium nitrate and
orthophosphates, and has low oxygen concentrations. The Main River also has high
concentrations of fertilizers and pesticides. In 1982, a record low oxygen concentration of

0.2 mg/l was measured in the Main. Since that time, the oxygen levels have increased because of
improved water treatment facilities. Other rivers include the Mosel, Seig, Exft, Ruhr, and Lippe,
which generally contain significant amounts of lead, chromium, cadmium, and other heavy metals,
and elevated chloride levels (Umweltbundesamt, 1992).

The Danube (Donau) River begins in the southwest of Baden-Wiirttemberg and runs eastward
through Bavaria, crossing into Austria at Passau. The Danube eventually drains into the Black Sea
in eastern Europe. The Danube is relatively clean. Impacts are generally from agricultural runoff
and include elevated orthophosphate and nitrates. In Dillingham (Bavaria), heavy metal
concentrations are slightly higher than elsewhere in the Danube and may be due to tributaries such
as the Inn and Salzach Rivers flowing from Austria (Umweltbundesamt, 1992).
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3 ENVIRONMENTAL REGULATIONS IN GERMANY

The environmental regulations in Germany are considerably different from other European
countries. Germany has the strictest environmental laws in Europe and its industry has become a
leader in the fields of waste minimization and environmental safety. It is uncertain what effect the
European Community will have on these regulations; German industry would have a considerable
advantage over competitors in benefitting from any increase in environmental regulations
throughout Europe.

The implementation of environmental regulations in Germany is somewhat unique and certainly in
contrast to the way similar laws are administered and enforced in the US. These differences can be
attributed largely to the distribution of legislative and administrative responsibilities in Germany as
defined by their constitution. This section provides an overview of the governmental system in
Germany and reviews the process for legislating and administering environmental laws and
regulations. Legislation pertaining to waste disposal, water quality, radioactive waste,
contaminated sites, environmental restoration, and public disclosure is discussed.

3-1 Federal and State Responsibilities

To understand German environmental laws and their administration, it is important to understand
their system of government. The following summary provides an introduction to the structure of
the federal and state governments in Germany and the division of power within them. Much of the
information is an abstract from "The Europa Year Book" (Europa Publication Ltd., 1990).

The Federal Republic of Germany is made up of 16 constituent states (Lénder). The Federation
operates according to the articles contained in the Basic Law (Grundgesetz), which was imposed
on the British, French, and US zones of occupation in Germany in 1949. It was intended as a
provisional Constitution to serve until a permanent one could be drawn up but it has endured with
little change. The Basic Law recognizes two categories of federal legislation: those matters that
require national laws in the interest of the entire community (e.g., foreign affairs, defense,
currency, etc.) and those that involve cultural and communal affairs (e.g., schools, the media,
regional planning, conservation, etc.). In the latter case, the Federation may establish the
framework or general rules, but it is up to the state to implement the laws in such a way that is
consistent with its economic, social, and cultural circumstances. The Basic Law established a
system where the Linder, while subject to the authority of the Federation, are also involved in the
formation of public policy. Neither the Federation nor the Lénder can act of their own accord.

The legislative branch of the federal government consists of a Lower and Upper House. The
legislative organ of the Federation is the Federal Assembly (Bundestag), the Lower House of
Parliament. Members to the Bundestag are chosen in a general election that combines constituency
and proportional representation. Each voter has two votes: one for a named candidate and one for
a party. Votes cast for candidates elect the constituency representatives, whereon votes for a party
entitle that party seats in parliament according to the proportion of the votes they receive. A party
must receive at least 5% of the total to be represented. Bills from the government are introduced
through the Bundestag, which has primary responsibility for passing laws, particularly those laws
that do not directly influence the interests of the Lander. After adoption, the bills must be
submitted to the Federal Assembly (Bundesrat) for consideration.

The Linder retain a strong influence over legislation through the Bundesrat, the Upper House of
Parliament. The members of the Bundesrat are appointed by the Land (State) governments. Each
Land has at least three votes; those with more than two million inhabitants have four, and those
with more than six million inhabitants have five. The votes of each Land in the Bundesrat may
only be given as a block vote reflecting the interests of the Land and not the individual members.
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The right of legislation lies within the Léinder insofar as the Basic.Law does not specifically accord
legislative powers to the Federation. Distinction is made between fields of exclusive legislation of
the Federation and fields of "concurrent” legislation of the Federation and the Linder. For
concurrent legislation, the Linder may legislate so long and so far as the Federation makes no use
of its legislative right. The Federation has this right only insofar as a matter cannot be effectively
legislated by state regulation, or the regulation by Land law would prejudice other Linder, or if the
preservation of legal or economic unity demands regulation by federal law. Exclusive legislation
of the Federation is strictly limited to such matters as foreign affairs, citizenship, currency,
customs, etc. Approximately half of all federal laws require the consent of the Bundesrat who have
absolute veto over measures that would seriously affect the financial or administrative interests of
the Liander (such as tax laws).

Compared with heavily centralized countries like Britain, the Federal Republic of Germany gives
regional politicians a great deal of scope. The Linder execute the federal laws as their own concern
insofar as the Basic Law does not otherwise determine. In doing so, they regulate the
establishment of the authorities and the administrative procedures. The federal government
exercises supervision to ensure that the Lander execute the federal law in an appropriate manner.
The Linder can also legislate where the Federation has no constitutional authority to do so;
however, the Federation has assigned itself responsibility for nearly all of the important areas of
legislation.

The federal government (Bundesregierung) consists of the federal Chancellor and the federal
ministers. The Chancellor is elected by an absolute majority of the Bundestag on the proposal of
the federal President. Ministers are appointed and dismissed by the President upon the proposal of
the Chancellor. The Chancellor determines general policy and assumes responsibility for it, but
within these limits each minister directs his/her department on his/her own responsibility. The
federal President is elected by the Federal Convention consisting of the members of the Bundestag
and an equal number of members elected by the Lind governments. The President represents the
federation in international law.

In general, the debate about the proper balance between prosperity and pollution is more fervent in
Germany than elsewhere in Europe. The combination of wealth, high population density, and
intensive industrialization makes the Germans both infatuated with a high standard of living and
fearful of the consequences. As a result, the environment (Umwelt) has become a major political
and industrial force. The Green Party, born out of the peace movement at the end of the 1970s,
won representation in the Bundestag in 1983 and appears to be an established part of German
politics. They have been a catalyst for bringing environmentalism to the forefront of politics and
recognized early on the shift in western Germany's economy from the traditional areas of heavy
industry to the more technology-based, less energy intensive manufacturing. The popularity of
environmentalism with the public has resulted in substantial parts of the Green's basic ecology
policies being incorporated into the mainstream parties (Christian Democratic Union and the Social
Democratic Party).

Environmentalism is developing into a major economic growth area in Germany. Approximately
440,000 jobs (2% of western Germany's work force) are associated with protecting the
environment (Federal Ministry for the Environment, 1992), although they do not completely
compensate for the jobs lost through environmental policies. Environmental consciousness has
generally benefited the chemical industry, for example, forcing it to abandon the production of
polluting bulk chemicals into more profitable higher-value activities.

The Unification Treaty between the Federal Republic of Germany (West Germany) and the
German Democratic Republic, (East Germany) places particular emphasis on the significance of
protecting the environment. Under the treaty, the federal and state legislators are required to
promote uniformity in ecological living conditions, i.e., at a minimum, the environmental

38



conditions in eastern Germany should be brought up to the level in western Germany. The
unification of Germany and the subsequent collapse of the economy in eastern Germany have
resulted in a large number of unemployed workers. The opening of the eastern German economy
to the standards of the market economy made it clear that many environmentally disastrous and
outdated production processes were not competitive. The previously lax environmental laws and
regulations resulted in devastating pollution in many of the industrial areas and discernible health
effects. The discontinuation of these industries had an immediate improvement on environmental
conditions in the region, such as air quality, but also involved the loss of jobs.

The Environment Ministry was established in 1986 by Chancellor Kohl. The ministry has been
very active in trying to push through stricter controls at the federal level. However, it has limited
influence over the implementation of environmental regulations in the Linder where there is a great
deal of variability in how the regulations are carried out and administered. The Ministry of
Environment recently published a memorandum on environmental cleanup and development in the
new Linder. The main goals are to:

« achieve high environmental standards in the entire Federal Republic by the year
2000,

» continue environmental policy making; and

« continue assuming responsibility for the environment in the European and global
context.

The supply side of the market is prepared to step in with scientific expertise, technology, and
environmental management. There are over 4,000 "environmental” firms in Germany. However,
one of the objectives of the federal government is to create jobs to replace those lost due to
environmental standards that came with unification. The Federal Institute for Employment is
providing resources to utilize the work forces of companies that were closed for the rehabilitation
of the environment in the new Linder. In addition to these direct assistance measures, other
federal programs are being used to develop an environmental infrastructure at the local levels. A
total of DM 1,700-million was allocated in 1991 for assistance measures and loans (Federal
Ministry for the Environment, 1992). For example, DM 225 million was allocated to Saxony-
Anhalt to begin cleaning up the environment in the Bitterfeld region, one of the most polluted
regions in eastern Germany. An additional DM 300-million is being used to establish companies to
perform the cleanup activities for contaminated sites in the state. These firms are expected to
employ around 20,000 workers by 1994. The environmental foundation of the chemical, paper,
and ceramics trade union in the area has set up an environmental advisory bureau in Bitterfeld to
assist companies and organizations carry out environmental projects using local unemployed
workers (Haznews, 1991d).

For waste- and contamination-related issues, there is a mixture of federal and state responsibilities.
The basic law on waste, normally referred to as the Abfallgesetz (AbfG), is a federal law. As the
Linder are responsible for implementing the objectives of the federal law, they have their own
complementary waste laws. Nevertheless, in the case of special waste (Sonderabfall), a set of
detailed regulations (TA Abfall) has been published at the federal level. Similarly, disposal of
radioactive materials is clearly defined as a federal responsibility, although the relevant law (the
Atomgesetz), is being amended to transfer this responsibility to the waste producers.

For contamination, the position is less clear because, as will be seen in Section 3-5, there is no
specific federal legislation or regulation directly related to contaminated sites.
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3-2 Waste Disposal Laws and Regulations

3-2-1 Federal

In 1986 the law on the avoidance and disposal of waste (Gesetz iiber die Vermeidung und
Entsorgung von Abfillen) replaced the 1972 federal waste law. The current law, that is known as
the Abfallgesetz (AbfG), has the objective of ensuring that unavoidable waste is used or disposed
of in ways that do not cause any environmental impairment. The law can be applied to facilities
which existed prior to 1972 in cases concerning the welfare of the public (Wohls der
Allgemeinheit).

The law and the related regulations, such as the waste definition ordinance (Verordnung zur
Bestimmung von Abfillen), are applied through measures directed particularly at the possessors of
waste and at the owners of disposal facilities. There is a general obligation to dispose of waste
only in permitted facilities. In the case of especially hazardous waste (besonders
tiberwachungsbediirftigen Abfillen or Sonderabfall), this is strengthened by the requirement to
obtain a certificate of acceptance from the disposal facility.

The law requires that disposal facilities are subject to permitting processes, which will generally
involve the participation of public bodies. In the case of special waste, federal regulations have
been published covering many aspects of the design, construction, and operation of facilities for
their disposal. These regulations are known as TA Abfall (Technische Anleitung zur Lagerung,
chemisch/physikalischen, biologischen Behandlung, Verbrennung und Ablagerung von besonders
iiberwachungsbediirftigen Abfillen). An equivalent federal set of regulations for municipal waste,
known as TA Siedlungsabfall, is in draft form. Under the federal law, an owner of a waste
disposal facility has to advise the responsible authorities when it is taken out of use and is then
responsible for taking precautions to prevent impairment of the environment.

The federal law envisages that implementation of waste disposal will be based on obligatory Land-
level plans and that Land laws will define, for example, the responsible authorities for permitting
and for supervision of disposal facilities. Responsible public bodies, as defined under Land laws,
have the duty of making arrangements to guarantee the disposal of wastes arising in their areas.
Possessors of waste which is not suitable for disposal with domestic waste (Hausmiill) must
provide information on their waste at the request of the responsible authority. Similar requirements
apply to owners of disposal facilities and to current and previous owners of plots of land where
wastes were generated, handled, or stored before the federal law came into force. In spite of these
regulations and the public attention given to environmental concerns, companies that violate
environmental regulations often face only modest penalties.

It is a requirement of the federal law that a responsible person (Betriebsbeauftragte) is appointed by
each facility which generates hazardous waste and by each facility involved in waste handling or
disposal. This person's role is to supervise the compliance of the facility operation with the waste-
related laws, regulations, and instructions of responsible authorities.

Draft proposals exist for a federal waste tax. As presently envisaged this would be applied both at
the point of waste generation and at disposal in, for example, a landfill. The Federal Ministry for
the Environment has drafted a proposed federal waste tax law that would raise DM 5,000-million
per year in fees. The bill is not expected to be introduced before the end of 1992 and is unlikely to
come into force until 1994.
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3-2-2 State

Under the individual Linder (Bundeslinder) waste laws, the normal arrangement is that the public
bodies responsible for waste disposal are defined as the towns/cities (Stédte) and the districts
(Kreise). These bodies may set their own statutes to control the implementation of their obligations
with respect to waste disposal.

Within each Linder, different arrangements are made for dealing with special waste. This
frequently involves the use of defined disposal sites and organizations. The definition of special
waste is waste that is dangerous because of its kind or amount and that presents a risk to health.
The risk can result from the toxicity, flammability, or explosive nature of the substance. The
special waste law, in effect since 1984, requires that a competent authority be notified when waste
is produced. There is a subset of materials that has more strict regulations requiring monitoring
from the time they are produced to disposal (referred to as "special-special waste").

3-3 Water Management Laws and Regulations

The basic federal law concerning water quality and its protection is the water management law
(Gesetz zur Ordnung des Wasserhaushaits). This is generally referred to as the
Wasserhaushaltsgesetz (WHG). The management of the water system is controlled through a
combination of federal and state laws and regulations. Of particular concern is the public water
supply, which always has precedence. There are several broad objectives, including the
prevention of contamination or other impairment of water resources, minimization of water
consumption, and disposal of waste water without impairing the welfare of the public. The laws
concern surface, underground, and coastal waters. The measures are directed mainly at owners of
water resources, owners and users of plots of land, and owners of facilities. A basic requirement
of the law is that, where intended measures can have an adverse effect on water resources, the
necessary care is to be taken to prevent these from occurring.

Another basic feature of the law is that use of water resources normally requires permission, and
that in this context use includes disposal of waste water and other waste materials. Depending to
some degree on the nature of the permit, later supplementary regulations may be applied, or the
permit may even be withdrawn, if the observed effects are considered by the responsible
authorities to be undesirable.

Regulations published under the law include minimum requirements for waste water discharges for
specific types of operations. The basic objective is to keep the discharged amounts of defined
contaminants as low as possible, considering current technology. An example of such a regulation
would be that applying to discharges from mineral ore processing facilities (Allgemeine
Verwaltungsvorschrift iiber Mindestanforderungen an das Einleiten von Abwasser in Gewdsser
—FErzaufbereitung). This is generally referred to as the 27. AbwasserVwV. Implementation of the
water management laws and regulations is mainly carried out by state authorities.

3-4 Laws on Radioactive Materials

Two federal laws concern the control of the environmental effects of radioactive materials. The
first of these, the nuclear power law (Gesetz iiber die friedliche Verwendung der Kernenergie und
den Schutz gegen ihre Gefahren), is normally referred to as the Atomgesetz (AtG). This law has
two principal objectives: (1) the development of nuclear energy to supply electrical power; and (2)
ensuring protection from the hazards associated with its use. The second law protects the
population from exposure to radiation (Gesetz zum vorsorgenden Schutz der Bevilkerung gegen
Strahlenbelastung). This is normally referred to as the Strahlenschutzvorsorgesetz (StrtVG). The
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objectives of this law are to protect the population by observing radioactivity in the environment
and taking appropriate measures when events are detected which could have significant radiological
effects.

Implementation of the Atomgesetz is a federal responsibility, except as far as the permitting of
nuclear installations is concerned. This process also involves the Linder concerned. Federal
bodies have been established to advise on matters of radiation protection
(Strahlungschutzkommission) and nuclear reactor safety (Reaktorsicherheitskommission), and
these bodies work closely with the relevant international organizations.

In the current version of the Atomgesetz it is clear that provision of a repository (Endlager) for
nuclear waste is a federal responsibility, although the Lander must provide facilities for its
temporary storage (Zwischenlager). The responsibility for the final repository is the subject of
discussion, and it is expected that this will be changed in some way. Some waste from nuclear
power operations has been placed in repositories in Germany, and permission has recently been
given for this to be continued.

3-5 Contaminated Site Law

3-5-1 Federal

In general terms, the law on environmental liability requires that the originator of environmental
damage be held responsible. However, it has been recognized for some years that the available
federal laws are insufficient as far as the remediation of contaminated sites (Altlasten, former waste
disposal sites; Altstandorte, former industrial sites; Altanlagen, former facilities) is concerned.
There is no specific law which clearly defines the various responsibilities and requirements with
respect to remediation. In these situations, appeals are often made to other environmental laws and
regulations, such as the laws on waste, emissions, and water management (Abfallgesetz,
Immissionsschutzgesetz, and Wasserhaushaltsgesetz), and also to more general legislation relating
to the maintenance of public order, such as the Polizei und Ordnungsrechts.

There are a number of serious deficiencies with the application of these laws and regulations as far
as remediation is concerned. Principal among these are:

« The measures that may be ordered to protect public health often do not extend to the
remediation of contaminated sites.

+ Itis very difficult to ensure that remediation measures are financed by the
responsible party and out of public funds, even when the probable cause of the
contamination is established.

A dramatic example of the second point is a contaminated site in the town of Marktredwitz located
in Bavaria. The town is the location of the Chemische Fabrik Marktredwitz, a 200-year-old
chemical works in the center of town. In the 1980s, investigators discovered high concentrations
of mercury in a nearby stream. Upon further investigation, the factory site was found to be
contaminated with massive amounts of arsenic, antimony, cadmium, cyanide, phenol, and
mercury. The substances were allowed to build up in vessels over several decades, and large
amounts of the materials found their way into the underlying soil and groundwater. After a three-
month trial, the two managers of the factory were fined a total of DM 190,000. Cleanup costs are
estimated at over DM 50-million. Because the company has declared bankruptcy, the Linder is
responsible for paying for remediation.
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Because of the inadequacy of the existing law, a draft federal ground protection bill
(Bodenschutzgesetz) has been submitted to Bundestag for discussion. Due to the contentious
nature of the proposed law, it is unlikely that it will be passed in the near future.

3-5-2 State

In the absence of suitable specific federal legislation, dealing with contaminated sites is a Lénder
matter under the terms of the constitution (Grundgesetz). Many of the Linder have amended their
waste law (Landesabfallgesetz) to include some guidance on the procedures to be followed with
respect to contaminated sites. In general, the following steps are followed:

1. Known and suspected contaminated sites are identified and located, followed by a
preliminary assessment of the potential risks involved.

2. Detailed site investigations are performed to determine the extent of the
contamination and whether suspected sites represent actual risks. The sites are then
ranked according to a set of criteria to set priorities.

3. Remediation activities are carried out on the sites posing the greatest threat to health
and safety while the conditions at less contaminated sites are monitored until the
contamination problems can be addressed.

The large number of known and suspected contaminated sites in Germany and the high cost
associated with cleaning them up means that only a small percentage of the sites will be remediated
in the near future. A special problem is that of financing. The normal principle in environmental
matters in Germany, i.e., those causing the contamination should pay for remediation
(Verursacherprinzip), cannot always be applied. It is often impossible to identify the responsible
parties for older sites, or the company involved may no longer be operating. In eastern Germany,
industry was federally owned and operated. In such cases the next step is often an attempt to make
the landowner pay (buyers of eastern German properties after unification are exempt for any
damage caused prior to July 1, 1990). If this fails, the Linder and community become liable for
the costs although many will rely on federal sources because the Lander and community are already
heavily indebted. Recently, several different approaches have been developed for distributing the
costs between the Linder and federal governments and private industry. Section 3.7 discusses
several Linder tax laws for covering some of these costs.

3-6 Contaminated Site Cleanup Criteria

There are no standard federal criteria (Grenzwerte) for use either in evaluating contamination at a
site or in designing a remediation program. The basis of much of the legislation and regulation
used in connection with contaminated sites is that of preventing danger to the public, and this very
often means a health risk. This implies that part of a site evaluation or of design of a remediation
program must be a risk assessment procedure.

Practically, it is found to be useful to be able to compare measured values with published values, at
least for preliminary purposes. Several sources are in general use as references. These include the
so-called Dutch list, which was developed by the environmental authorities in the Netherlands.
This gives three concentration levels for a large number of potential contaminants in soil and in
groundwater. The three levels (A, B, and C) were intended to represent, respectively, a
background or reference level, a level requiring further investigation, and a level requiring
remediation. Although the list has found wide application outside the Netherlands, the Dutch
themselves are understood to be preparing to change some values. For contaminant concentrations

43




in drinking water, reference is made to the World Health Organization and European Economic
Community guidelines (Richtwerte) and to the federal regulation (Verordnung iiber Trinkwasser
und iiber Wasser fiir Lebensmittel betriebe). This is generally known as the
Trinkwasserverordnung (TrinkwV). Several lists are also produced by individual Linder, and
some of these have found wider application. For soil to be used for cultivation, for example, the
so-called Klocke list was produced in Baden-Wiirttemberg. Hamburg and Berlin have also
published their own lists.

3-7 Liability for Environmental Damage

Implementing the principle that those causing damages should pay for it (Verursacherprinzip) is a
recent federal law. This environmental liability law (Gesetz iiber die Umwelthaftung) came into
force at the beginning of 1991. It is known as the Umwelthaftungsgesetz (UmweltHG).

The basic objective of this law is to make the owners of defined types of facilities pay
compensation for personal or material damage resulting from any environmental effects of their
facility. Environmental effects are defined as those in which significant contamination is spread
through the ground, water, or air. However, the law does not apply if a facility was operated in
accordance with the relevant environmental protection regulations and permits or if there has not
been an operational defect or disturbance. For closed facilities, the owner at the time of closure is
liable, but only for damage caused after the law came into effect.

Another exemption is given to companies or investors purchasing property in the Linder in eastern
Germany. According to Section XII of the Unification Treaty, the exemption clause provided for
in the Framework Environment Act (Umweltrahmengesetz) applies (Franzius and Stietzel, 1991).
According to the act, the company or persons who own installations used for commercial purposes
or within the framework of economic undertakings are not liable for any damage caused prior to
July 1, 1990 as a result of the operation of the installation. Exemptions are determined after the
interest of the purchaser, the general public and environmental protection have been weighed.
Subsequent liability due to claims based on civil law remains unaffected. The purpose of the
exemption is to prevent the abandoned sites from deterring potential investors.

Several Linder have introduced waste tax laws. For example, the State Waste Management and
Contaminated Site Law was passed in April 1991 in Rhineland-Palatinate. Under the law, if a land
owner has a questionable site and fails to take action, the supervisory authorities have the right to
perform a risk assessment and charge the cost to the owner if the area in question is found to be
contaminated. Baden-Wiirttemberg recently passed a special waste tax law. Approximately DM
13-million was collected during the first year with the funds used for environmental protection
activities. The administration in Hesse has introduced a similar waste tax law. A draft law to pay
for the cleanup of contaminated abandoned munitions sites was proposed by Lower Saxony on
behalf of all other German Linder. The law would require the federal government to fund the
cleanup of the sites.



4 ENVIRONMENTAL RESTORATION TECHNOLOGIES IN GERMANY

Several technologies for waste management and environmental restoration have been and are being
developed and applied to address the environmental needs in Germany. Some of these
technologies may be more efficient, less expensive, more acceptable, and safer than those being
considered by the DOE to meet their environmental cleanup needs. The identification and transfer
of such technologies to appropriate waste management and environmental restoration programs in
DOE are major objectives of ITEP.

To accomplish the objectives of ITEP, a survey of environmental problems and mature and
developing environmental restoration technologies in Germany was performed. This section
provides a compilation of German technologies of potential interest to the DOE. The information
provided is limited to identifying technologies, i.e., no attempt was made to perform an evaluation
of the attributes of a technology or to make a comparison with similar technologies in the US. The
evaluation phase will require a more detailed investigation and is outside the scope of work for this
project. References and a point of contact is provided for each technology to allow the reader to
obtain additional information if desired. A second constraint was that the survey was limited to
environmental restoration technologies. A significant portion of the environmental research and
development funding in Germany and numerous fully developed technologies address waste
management needs. Interested readers are directed to BMFT (1989, 1991a, and 1991b) for more
information in this area. )

4-1 Survey Approach

The information collected in the survey consists of the identification and brief description of either
experimental or recently developed environmental restoration technologies in Germany. To make
the process as relevant and complete as possible, the following approach was used:

1. Categories of generic environmental restoration activities were identified based on
the needs of the DOE.

2. Colleagues from German environmental engineering firms identified standard
practice technologies in each of the categories.

3. A literature review was performed to identify mature but non-standard as well as
new technologies for environmental restoration.

4. Government ministries, national research establishments, universities, and
industries were contacted to ascertain the types of new technologies being
developed.

5. The technologies were categorized in terms of the generic environmental restoration
activities and summary information was incorporated in a tabular format.

6. References and points-of-contact related to the technologies were compiled and
tabulated to facilitate follow-on activities.

The primary categories of waste management and environmental restoration activities for the DOE
complex are discussed in DuCharme et al., 1992. The categories consist of:

« waste generation/minimization;

e waste characterization;
e waste treatment;
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waste transportation/storage;
site characterization;

waste disposal;

in situ treatment;

in situ containment;

waste removal; and

site monitoring.

® &6 o ¢ o o o

The relationship between the various categories of activities is shown in Figure 4-1. The
categories form the basis for grouping the German environmental technologies, presented in
Section 4-2. While the categories provide a useful format for grouping technologies, the
applicability and effectiveness of a particular technology will obviously depend on the
characteristics of the waste and site conditions present.

The set of "standard practice" technologies for each of the categories were developed and based
primarily on discussions with environmental engineers at Golder Associates Umwelttechnik
GmbH and Clausthaler Umwelt und Reservoir Engineering GmbH. Supplemental information
was obtained by a literature review and conversations with staff at other governmental and research
organizations. :

The literature review included searches of sources in both the US and Germany. Several databases
were accessed to search for information concerning environmental restoration technologies. These
databases are summarized in Table 4-1. The information obtained was supplemented by several
references that contain a compilation of restoration case histories of environmental technologies.
The principal references include:

» descriptions of European case studies (EPA, 1992);
» acompendium of international environmental technologies (Nunno et al., 1990);

+ the proceedings for a NATO/CCMS Conference on Demonstration of Remedial
Action Technologies for Contaminated Ground and Groundwater (Wolf et al.,
1988);

« an environmental research program report by the Ministry for Research and
Development (BMFT, 1991b) and a compendium of their projects (BMFT, 1991a);
and

+ an ITEP report regarding the evaluation of specific foreign technologies (DuCharme
et al., 1992).

The primary funding agencies, industries and universities involving environmental research and
development in Germany were also contacted. In addition, market research performed by the US
Department of Commerce in the area of environmental technology and pollution control in
Germany was also reviewed for additional companies, facilities, and services.
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TABLE 4-1. DATA BASES USED TO IDENTIFY ENVIRONMENTAL RESTORATION

TECHNOLOGIES IN GERMANY

Database Description Contact

FIN Reports on publicly funded research in science Access data base
and technology in Germany (German and through major public
English). libraries in Germany

FBR Literature on projects sponsored by the BMFT Access data base
(German). through major public

libraries in Germany

UFOR Summaries of current and completed DATA-STAR
environmental research and development projects | D-S Marketing Inc.
in Germany, Austria, and Switzerland (German 485 Devon Park Dr.
with English translations of title and abstract). Wayne, PA 19087

(800) 221-7754

PTS Newsletter | Contains full text of articles from over 400 DIALOG Information
business and trade newsletters covering nearly 40 | Services, Inc.
industries, subject areas, and ecopolitical regions. | 3460 Hillview Ave.

Palo Alto, CA 94304
(800) 334-2564

NTIS National Technical Information Service consists | DIALOG Information
of government-sponsored research, development, | Services, Inc.
and engineering, plus analyses prepared by 3460 Hillview Ave.
federal agencies and their contractors. Includes Palo Alto, CA 94304
reports from NASA, DDC, DOE, HUD, DOT, (800) 334-2564
Department of Commerce, and 240 other
agencies.

McGraw Hill Provides complete text for major McGraw-Hill DIALOG Information

Publications publications, including: Business Week, Services, Inc.

Online Chemical Engineering, Biotechnology 3460 Hillview Ave.
Newswatch, Green Markets, Industrial Energy Palo Alto, CA 94304
Bulletin, Integrated Waste Management and many | (800) 334-2564
others.

INFOMAT Provides English-language abstracts of business | DIALOG Information
news articles appearing in more than ten Services, Inc.
languages from over 500 international business 3460 Hillview Ave.
newspapers and journals. Palo Alto, CA 94304

(800) 334-2564

ENVIROLINE | Provides indexing and abstracting coverage of DIALOG Information
more than 5,000 international primary and Services, Inc.
secondary source publications reporting on all 3460 Hillview Ave.
aspects of the environment. Literature covered Palo Alto, CA 94304
includes periodicals, government documents, (800) 334-2564
industry reports, proceedings of meetings, etc.

COMPENDEX | Provides abstracted information from the world's | DIALOG Information

PLUS significant literature of engineering and Services, Inc.
technology including 4,500 journals, reports, and | 3460 Hillview Ave.
books. Subjects include: civil, energy, Palo Alto, CA 94304
environmental, geological, and biological (800) 334-2564

engineering. _
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TABLE 4-1. (CONT.) DATA BASES USED TO IDENTIFY ENVIRONMENTAL
RESTORATION TECHNOLOGIES IN GERMANY

Database Description
BNA Daily News | Includes complete text of the following
publications: Environment Daily, Health Daily, Information
Patent, Trademark and Copyright Law Daily, and | Services, Inc.
Toxic Law Daily. 3460 Hillview
Ave.
Palo Alto, CA
94304
(800) 334-2564
TEXTLINE Provides access to full-text and abstracted articles | DIALOG
from hundreds of international and regional Information
newspapers, magazines, trade journals, and Services, Inc.
newswires. Includes access to publications 3460 Hillview
originating in Europe. Ave.
Palo Alto, CA
94304
(800) 334-2564
ULIT Literature related to the environment and DATA-STAR
environmental problems in Germany (German D-S Marketing Inc.
with English translation of title). 485 Devon Park
Dr.
Wayne, PA
19087
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4-2 Waste Management and Environmental Restoration Research and
Development in Germany

A significant amount of research and development is spent each year in Germany in the fields of
waste management and environmental restoration. About DM 1.5-billion is spent per year for
research and development in environmental protection and an additional DM 100-million is spent
per year on environmental research projects (USDOC/ITA, 1992). Itis anticipated that about DM
400-million will be funded by the Federal Ministry for the Environment in each of 1991 and 1992
on projects to demonstrate environmental cleanup technologies (USDOC/ITA, 1992).

The Federal Minister for Research and Technology (Bundesministerium fiir Forschung und
Technologie, BMFT) is the primary funding agency for research and development in the fields of
waste management and environmental restoration. BMFT first outlined its plan for research and
development related to environmental policy in the program "Environmental Research and
Environmental Technology, 1989-1994" (BMFT, 1989). The program, summarized in Table B-3
of Appendix B, addresses needs related to waste management and environmental restoration. The
Minister ass1gned special status to the environmental restoration area and commissioned research to
cover the entire sequence of locating and assessing sites contaminated with hazardous waste,
providing safeguard measures until remediation measures are carried out, and remediating and
monitoring of the site. Priority was initially given to developing safeguard techniques to prevent
emissions from abandoned hazardous sites. The current emphasis is on developing new or
improved remediation processes to replace safeguarding processes to an ever increasing extent.

The BMFT provided grants totaling DM 471 million in the field of waste management and
environmental restoration during the period from 1976-1988 (BMFT, 1991b). During the last
five-years of that period, the funding from BMFT was more than twice the amount contributed by
all other federal ministries, with annual funding levels increasing by about 10% each year (BMFT,
1989). Of the DM 471-million, DM 84 million was used to fund 94 technology development
programs related to the remediation of abandoned hazardous waste sites. Information on the
projects sponsored, and in some cases managed, by the BMFT is available in BMFT (1991a) with
updated information (in German) in the UFOR database. In addition to funding technology
development, BMFT also funds basic research projects investigating the fundamental processes
involved.

The breakdown of funding for the remediation technology projects is shown in Table 4-2.
Approximately 60% of the funding supported technologies in three technology areas: waste
encapsulation (21%); thermal treatment (19%); and biological treatment (18%). From the point of
environmental protection, the remedial measures should be given preference over the safeguarding
measures because the safeguarding measures (e.g., the construction of base, side and surface
barriers around a contaminated site) do not alter the potential risk constituted by the hazardous
materials at the site. However, the safeguarding measures serve to gain time until remediation
procedures can be carried out and often offer the most practical method of quickly eliminating the
environmental risk, albeit-only temporarily. This is particularly true when, as in Germany, there
are a large number of contaminated sites and limited federal, state, and local budgets for addressing
them.

There are 13 national research establishments in the Federal Republic of Germany that perform
research in the areas of waste management and the environmental restoration of hazardous waste
sites. Four of these establishments allocate considerable portions of their budgets in these areas:

» Gesellschaft fiir Biotechnologische Forschung (GBF) — biological remedition;
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TABLE 4-2. DISTRIBUTION OF ENVIRONMENTAL RESTORATION PROGRAMS
FUNDED BY THE BMFT FROM 1977 TO FEBRUARY 1988

Type of Research and Development No. of Projects | Percent Funding

Remediation Processes 33 43.9
Thermal Processes 8 19.1
Biological Processes 15 18.1
Extraction Processes 3 3.0
Combined Processes 7 3.7

Safeguarding Measures 19 22.8
Stabilization 2 1.6
Encapsulation 17 21.2

Treatment of Secondary Products 19 16.5
Gas Purification 3 3.8
Seepage water purification 16 10.7 il

[{ Other Areas 23 16.9 il

[ Recording and Assessment 4 3.0

| Site Investigation 16 13.0
Monitorin 3 0.9

(Ref. BMFT, 1991b)

» Gesellschaft fiir Strahlen- und Umweltforschung mbH (GSF) — underground
waste disposal, disposal processes, and the examination of chemical processes in
waste;

» Forschungszentrum Jiilich GmbH (KFA) — thermal waste treatment; and

e Kemforschungszentrum Karlsruhe GmbH (KfK) — thermal waste treatment and expert
systems for risk assessment;

In addition, there are numerous research programs underway at various universities and technical
institutes throughout Germany. For example, 45 waste management/environmental restoration
projects were finished or initiated by September 1991 at the University of Karlsruhe.

4-3 German Environmental Restoration Technologies

A variety of technologies are available for environmental restoration in Germany. This section
identifies both "standard practice” technologies and those that were considered new or innovative.
Because of the large number of technologies identified in the search, summary information
concerning the new or innovative German environmental restoration technologies has been
provided in tabular form.

There is a wide variety of standard practice technologies for environmental restoration in Germany.
A list of the more common technologies is provided below.

+ Site Characterization — typically accomplished with vertical surface drilling to

recover soil, groundwater, and contaminant samples. Also provides access for
monitoring and testing activities.
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« Containment of Waste on Site — includes installation of cutoff walls, covers, and
seals. Often performed to contain waste until a site can be remediated or to contain
residual waste after treatment.

+ Waste Stabilization — chemicals or grout materials are injected or mixed with
contaminated soil that are left in place or removed for disposal.

+ In Situ Treatment of Organics — there are over 60 suppliers and process designs
for microbial degradation of organic contamination in soil in situ.

» Waste Treatment — includes a variety of methods for removing the waste from soil
and liquids:

- Thermal treatment, i.e., incineration (direct heating) and pyrolysis (indirect
heating) in stationary, transportable, or mobile plants with various
enhancements. Fourteen companies and eleven thermal treatment facilities were
identified.

- Soil washing, primarily in transportable or mobile plants with various
enhancements. Twenty-three companies were identified.

- Chemical processes for extracting contaminants from liquid waste, including
precipitation and flocculation.

- Electrical processes for extracting contaminants from gases (including exhaust
from thermal treatment facilities), e.g., ion exchange.

» Waste Disposal — there is a general obligation to dispose of waste only in
permitted facilities containing a liner and a gas/leachate collection system. A
geologic disposal facility in an old potash mine is used for hazardous waste
disposal. A similar facility was used for radioactive waste storage in eastern
Germany prior to unification.

+  Site Monitoring — includes periodic sampling and analysis of groundwater wells,
air, flora, and fauna. Used to monitor contaminated, remediated, and landfill sites.

Tables 4-3 to 4-9 contain summaries of the innovative technologies identified in the study. The
information is arranged by the waste management and environmental restoration categories
identified in Section 4-1. A separate table is provided for the technologies in each of the categories
with the exception of the first two and the last categories, (waste generation/minimization, waste
characterization, and site monitoring), which were not included because the first two areas are
outside the scope of this report, and no innovative technologies were identified for the last area.

Each of the technologies is described in the following terms:

name;

brief description;
developer/owner;
status; and
reference.

¢ & o o o

Few of the technologies identified are unique to Germany. The rapid transfer of information via
journal articles, symposia, etc., and the large market in environmental restoration has resulted in
technologies being fairly ubiquitous. Government research organizations often have cooperative
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research areas with their counterparts in other countries sharing ideas and breakthroughs. The
companies and institutions developing technologies that are really new and promising are unlikely
to divulge information until their product is mature enough to bring it to market.

The greatest potential for uncovering technologies significantly different from those available in the
US or other western countries is in the former eastern block countries. Trade and technology
barriers that were present until only recently would likely result in a different evolution in approach
and technology. However, the low priority assigned to environmental problems in eastern block
countries in the past raises the question whether a significant effort has been given to developing
such technologies.

4-4 Additional Information

In the course of performing the literature and database searches, a considerable amount of related
information was collected that, while not entirely germane to the study, provides useful
information relevant to environmental restoration technologies or programs. This information has
been compiled in several tables in Appendix B. A brief description of the information in each table
is provided below:

Table B-1: Recen ieg in an

The table contains 21 case studies of recent environmental restoration projects in Germany. The
projects provide a representative cross section of the types of remediation programs performed in
Germany. The technologies used are fairly standard, but some innovative applications were
performed. Each project is described in terms of:

» project name and location;

* type(s) of contaminants (if known);

« remediation technologies employed; and
» reference.

Table B-2: BMFT Funded Proj 1984-1

Table B-2 contains a list of all of the waste management and environmental projects funded by the
BMEFT during the period 1984 to 1990. The projects are grouped by the general categories such as
the type of treatment (e.g., in situ remediation, safeguarding), process involved (e.g., thermal,
biological) etc. Additional information can be found in BMFT (1991b).

Table B-3: Areas of Future BMFET-Sponsored Research and Development in Environmental
Restoration

Table B-3 contains a list of the specific areas in environmental restoration in which the BMFT
plans to support research and development in the next several years. The list was compiled from
BMEFT publications, primarily BMFT (1989).

Table B-4: Useful Addresses and Phone Numbers

This table contains an extensive list of agencies, institutes, publications, etc. associated with
environmental matters or research in Germany.
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EXAMPLES OF CONTAMINATED SITES IN GERMANY

This section reviews available information for 15 contaminated sites in Germany. The descriptions
are intended to illustrate the extent and nature of hazardous waste management and cleanup
problems existing in Germany and include some of the most severe problems encountered.
Available information is limited, particularly for industrial sites, because of the level of
confidentiality maintained by industry and state regulators.

A-1 Georgswerder Landfill (Hamburg)

The Georgswerder landfill is located about 5 km south of the city center of Hamburg in a former
channel of the Elbe River. The site is owned by the City of Hamburg. From 1948 through 1979,
the site was an operating landfill. Disposed wastes consisted primarily of residential waste, soil,

and construction materials, but also included 200,000 m3 of liquid and solid special wastes.
Between 1967 and 1974, 150,000 m3 of liquids were deposited in basins that were subsequently

filled with residential wastes. Over 20,000 m3 of drammed materials from industrial and
commercial sources were deposited in four designated areas. The landfill ceased accepting waste

in 1979. The site area is 44 ha, and the current waste volume is about 7 million m3.

The Georgswerder landfill has contamination problems stemming from mobility of disposed
chemicals and leachate compounded by an ineffective cover and base, which allow significant
seepage and infiltration of precipitation.

Site investigations were initiated following the detection in 1983 of the dioxin 2,3,7,8-TCDD in the
oily component of leachate flowing from the side of the landfill. Site investigations were
performed from 1984 through 1988. Evaluations of conditions in the vicinity of the landfill were
performed, including the extent of contamination in surface water, groundwater, soil, air, animals,
and vegetation. During this period, preliminary planning of contaminant treatment methods was
undertaken, including leachate control measures and landfill sealing.

During site investigations, chlorinated and unchlorinated organic compounds were detected,
particularly in the oily components of leachate outflows. Typical values for the oil phase in a
leachate oil/water separator were: 27,000 mg/kg chlorobenzene; 130 mg/kg PCBs; 12,000 mg/kg
aromatic solvents, 35 mg/kg volatile chlorinated solvents; and 0.032 mg/kg 2,3,7,8-TCDD.
Typical values for water in the leachate/oil/water separator were: 200 mg/1 sulfate; 2,000 mg/l
chloride; 3,000 mg/l ammonium; 1 mg/l aromatic solvents; and 0.1 mg/l volatile chlorinated
organics.

Despite the high infiltration through the cover and concerns about migration through the unlined
base of the landfill, relatively little inorganic impact on underlying groundwater was detected.
Average increases of 0.003 mg/l above the upgradient values were found for aromatic solvents and
for volatile chlorinated organic compounds.

A remediation concept was agreed to in 1985. The plan included construction of a low
permeability cover, extraction and incineration of landfill gas, collection of leachate discharges for
physical and chemical treatment, and preparation of plans for groundwater control measures if
proved necessary. Plans also called for the excavation of some of the most contaminated material
for disposal elsewhere or for high temperature incineration. The cover design considered two
zones, upper and lower, to take account of the observed leachate outflow locations and of the
resulting contamination potential during construction. The upper zone was constructed first. Gas
collection and water treatment systems have been constructed, but cover construction is still in
progress.




Estimated remediation costs included DM 23-million for capping of the upper zone (16 ha), DM 75
million for capping of the lower zone (29 ha), and a total estimate of DM 150-million.

Sources: (Zeitschrift Wasser und Boden, 1989) (Umweltbehorde Hamburg, 1988)

A-2 Miggenburgerstrafie Landfill (Hamburg)

The MiiggenburgerstraBe landfill is located about 6 km southeast of the city center of Hamburg in a
marshy area covering approximately 5 ha. Between 1963 and 1967, solid and liquid wastes were
placed at the site, owned at that time by the City of Hamburg. No liner or low permeability
materials were present at the base or sides of the disposal area. Disposed wastes included
construction and demolition wastes, port and industrial wastes, waste oil, chemical production
residues, dioxin contaminated material, oil residues, and solvents. Liquid wastes were discharged
into basins and then covered with solid waste materials. In 1967, the land was acquired by
Norddeutsche Affinerie AG, and covered by a 0.5 m layer of soil. Current ownership is unclear,
but the City of Hamburg is handling site remediation.

Dioxins were identified at the site in 1984, and a systematic site investigation began in 1985 with
installation of 200 measuring points, including groundwater observation wells, driven probes, and
gas probes. Approximately 2,000 samples were taken and over 50,000 analytical results obtained.
The soil at the site was determined to be a 15-m thick sand unit underlying the organic rich wetland
soils. Most of the landfill area was determined to have organic compounds at concentrations above
the Dutch list C values. Soil gas samples taken in the oil basin area indicated the presence of
aromatic solvents and chlorinated organics. Groundwater outside the landfill area has been
contaminated with waste compounds. Lead and arsenic were detected in one area.

Planned remediation measures included capping of the landfill and cutoff wall construction, to be
followed by removal for treatment and disposal of liquid and solid wastes.

Sources: (Franzius, et al., 1992)

A-3 Altwarmbiichen Landfill (Lower Saxony)

The Altwarmbiichen landfill is located approximately 10 km northeast of Hannover (Lower
Saxony), adjacent to the intersection of the A2 and A7 autobahns. The site has been used by
Hannover since 1937 as a waste dlsposal site. The 60-m high landfill contains approximately 9

million m3 of waste.

No information is available on the history of site investigations at this facility. However, the
concentration of hazardous chemicals is reported to be ten times higher than the average for
domestic waste landfills. The annual inflow of rainwater into the landfill is estimated to be 20,000

m3, and no systems or liners for reduction of leachate outflow exist.

Planned remediation includes leachate pumping, scheduled to start in 1993. Investigations are
under way for installation of a 6-km-long cut-off wall. The estimated cost for the 96,000 m?2
cutoff wall is DM 40 million.

Source: (Hannoverschen Allgemeinen Zeitung, 1992)
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A-4 Miinchehagen Landfill (Lower Saxony)

The Miinchehagen landfill is a special waste disposal site located near the village of Loccum,
approximately 25 km south of Nienburg (Lower Saxony). Firma Borstinghaus und Stenzel
operated the site from 1968 to 1973. This company has since been declared bankrupt, and their
portion of the landfill is now known as Altdeponie Miinchehagen. Deponie der Gesellschaft fiir
Sondermiillbeseitigung (GSM) operated the site from 1977 to 1983, and has since been declared
bankrupt. Current ownership is not known. The site was apparently not operated from 1973 to
1977 or since 1983.

The site contains two adjacent disposal areas:

» The disposal area used by Altdeponie Miinchehagen has a surface area of 2.5 ha,
with 25 individual pits ranging up to 6-m deep and a total content of approximately
50,000 m3 of industrial wastes, which would presumably now be considered
special waste.

» The disposal area used by GSM has a surface area of 5.25 ha with 3 pits excavated
to a depth of up to 25 m in claystone and a total content of approximately 350,000

m3 of special wastes.

Site investigations have been performed since 1985 and include gas emission measurements, vapor
probe sampling in the Altdeponie area, soil sampling from surrounding areas, and detailed
evaluations of the geology in the vicinity of the landfill. Observations at the site include an oily
streak seen on a separator dam between two pits in 1985. Analysis of this material yielded a dioxin
(2,3,7,8-TCDD) content of between 1,125 and 560 ng/kg. Total organic halide compounds were
also detected.

Risk assessments have been made based on the site investigations. The Miinchehagen landfill is
considered to have a high risk potential because infiltration, leachate production, and contaminant
migration are poorly controlled. Wastes have migrated through the thin, 0.6-m to 1-m thick clay
cap. Outflows of highly contaminated leachate have been observed, and groundwater
contamination has been reported.

Some remediation has been performed at the site. In 1980, 5-m deep clay barriers were
constructed to restrict the outflow of leachate from the landfill. Since 1983, leachate from the
landfills has been transported to a treatment plant. The treatment plant is 30 km away and uses a
biological process. The sludge was kept separate and disposed of separately from the normal
waste water materials. After the discovery of dioxin in 1985, it was considered to be necessary to
provide physical and chemical treatment at the site as a pretreatment for the biological process. In
1985 and 1986, two areas in danger of collapse were drained and filled with claystone. In 1990,
drains were placed and a membrane cap was constructed. Costs of remediation between 1985 and
1987 totaled DM 35.5 million.

In 1987, a plan for long-term containment of the landfill was developed. The plan included cutoff
walls, deep sealing using grout, capping, and various hydraulic, leachate, and gas control
measures. The estimated costs of these measures were DM 80-million.

Source: (Hosel et al., Undated)
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A-5 Grube Merkel/Gifhorn (Lower Saxony)

This site is a former sand quarry located in Gifhorn, about 30 km north of Braunschweig (Lower
Saxony). From the mid-1970s, residential and commercial wastes were brought to the site. The
waste-filled pit covers an area of approximately 15,000 m2. The base of the pit was 8-m below
ground level and 3-m below the water level in the sand.

Waste materials brought to the site included galvanizing sludges, oil- and solvent-contaminated
soil, solvent-containing waste oil, fabrics with paint residues, and building wastes. It has been
estimated that 200 to 450 m3 of waste oil was placed in the pit, with 23t of chlorinated organic
compounds and up to 9 kg of PCB:s.

A downward hydraulic gradient exists from the upper, contaminated aquifer to a lower aquifer that
serves as a drinking water source. However, a thick aquitard separates the aquifers and may result
in low groundwater flow volumes between the aquifers.

Elevated chlorinated organics levels were found in the groundwater flow and in naturally vegetated
soil around the deposit. The maximum detected concentration was 11,250 ppm. In groundwater
moving away from the site, the sum of concentrations of individual organic contaminants measured
with a gas chromatograph was greater than 700,000 pg/l.

Site remediation began in 1991 and involved oil recovery, downgradient pumping of groundwater,
and a cutoff wall. Two oil removal wells were constructed, and the water table was lowered a few
tenths of a meter. Two groundwater extraction wells were used to remove groundwater for
treatment. Water treatment was multi-stage and included oil/water separation, pH adjustment, air-
stripping of the volatile organic compounds with an activated carbon filter for the off-gas,
biological breakdown of high molecular weight compounds in the water, and filtration. A double
cutoff wall was constructed by driving sheet piling, then removing the piling and grouting up the
void made by the piling.

Source: (Franzius et al., 1992)

" A-6 Bielefeld-Brake Landfill (North Rhine-Westphalia)

This site is a former clay quarry filled with wastes, located in the Brake district of the City of
Bielefeld (North Rhine-Westphalia). The current site owner is the City of Bielefeld. The quarry
was filled with industrial sludges, domestic waste, and building rubble during an unspecified
period. An estimated 24,000 m3 of industrial sludges and 10,400 m3 of domestic waste were
emplaced. The wastes reportedly had high metals content, high concentrations of volatile organic
compounds, and PCBs at concentrations up to 15 g/kg. The total estimated volume of sludges,

domestic waste, and building rubble is 121,000 m°. In 1971, a building development plan was
approved for the landfill area and surroundings, with knowledge of the previous use. In 1979, a
housing development was constructed in the area. In 1983, sludges were found during foundation
work for a house.

A series of epidemiological investigations of local residents (600 adults and 150 children) was
performed in 1984. In 1987, additional investigations were performed, including analyses of
sludges, landfill material, soil, groundwater, and landfill gas. Following the epidemiological
studies, it was concluded that there was some health impairment for local residents based on the
frequency of abnormal transaminase values, and there was a suspicion of exposure to hazardous
materials from the former landfill. However, further studies concluded that hazardous chemicals
could only reach human receptors through the air pathway. Investigations of chlorinated organics
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showed no clear exposure pathway because detected concentrations were low in comparison to
permitted levels.

In 1987, a proposal to control the landfill was accepted. Proposed remedial measures included
surface capping and drainage, gas extraction, groundwater lowering and leachate disposal, and
surface shaping. The measures were intended to be carried out between 1989 and 1991.

Estimated remediation costs included DM 3 million on investigations and planning before
remediation work was initiated, DM 20 million for costs for damages and purchase of the houses
in the landfill area, and DM 25 million for actual remediation costs.

Source: (Franzius et al., 1992)

A-7 Prael Landfill (Rhineland-Palatinate)

The Prael landfill is an industrial waste disposal site located near Sprendlingen (Rhineland-
Palatinate). The site was formerly a quarry for brick material covering approximately 10 ha. In
1966, a permit was given to Prael for disposal of 700,000 m3 of industrial residues, considered to
be sandy or earthy material without odor. However, in 1968, it was determined that other types of
waste had also been placed at the site, including glue and bitumen residues, tarry sludges, oily
treatment sludges, resin and plastic residues, acids and liquid residues. Despite a prohibition,
disposal continued until 1971. An estimated total of approximately 450,000 m3 of wastes was
placed at the site. In 1974, it was determined that about 100 tonnes of cyanide-containing salt
complexes, residue from hexachlorocyclocyclane production, solvents, cresol, trichlorophenol,
drug residues, PCB-contaminated waste, heavy metals, and chlorinated organics were emplaced.

In 1980, investigations of shallow water were started by the state government of Rhineland-
Palatinate. From 1982 to 1984, further investigations were undertaken involving additional
borings, groundwater monitoring wells, and geophysical measurements. The investigations
indicated that some contaminated wastes were deposited outside the actual landfill area. It was also
determined that the base of the landfill consisted of a 1-to-2-m thick permeable layer. Infiltrating
water was building up in the waste and outflows were in a direction flowing under the adjacent
town. Groundwater from above the clay stratum showed high contaminant levels, including
chloride at over 10 gm/l, phenol at over 100 mg/l, and chlorinated volatile organics at several 10's
of mg/l. Contamination was detected beneath the town, but it was not possible to confirm whether
this came from the landfill because the water quality was not potable prior to landfilling.

In 1979 and 1980, remedial actions were implemented including construction of a clay cover and a
leachate collection shaft, drains, and a pond. In 1985, approval was granted for the second phase
of remediation, including sealing of the upper surface of the landfill and revegetation, construction
of leachate extraction wells, holding tanks, and a biological and carbon absorption treatment
facility, and an upgradient cutoff wall. The materials used in the cutoff wall are not known,
however.

Costs for remediation were estimated at DM 3.0 million for the preliminary measures and
investigations up to 1984, plus leachate treatment and monitoring to 1987, DM 1.4 million for
remediation investigation and planning, and DM 13.1 million for implementation of final
remediation.

Source: (Franzius et al., 1992)
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A-8 Hirschhagen (Hesse)

Hirschhagen is the site of a World War II munitions production plant, located in northeast Hesse
about 25 km southeast of Kassel near the town of Hessisch Lichtenau. Beginning in 1939, the
Dynamit Nobel-Actien Company manufactured high-explosives and was under control of the
Montanindustrie (mining) GmbH. Daily production of TNT was 81 tonnes, with daily water
requirements of 9 million liters of water. Picric acid was produced at a rate of 2,075 tonnes per
year. The site encompasses 233 ha.

Waste water from the plant was piped to the Fulda River. In 1941, a treatment plant was built to
neutralize the waste water. From 1943 to 1945, four explosions were reported at the plant.
Production ended in 1945, three days prior to Allied entry into Hessisch Lichtenau. Dismantling
of the plant occurred in 1946, leaving chemical residue in soil and groundwater. In 1951, the
name of the site was changed to Industrieverwaltungsgesellschaft (IVG). In 1966, the site was put
up for sale. Approximately 200 ha had been sold by 1970. The railway network had been taken
over by Deutsche Bundesbahn by 1970, and that acquisition may account for the additional land
area.

Environmental investigations at the site began in 1963, with investigations of areas where high
concentrations of TNT were identified. A drinking water analysis was performed in 1964. First
confirmation of the influence of a nitrotoluene-related contaminant plume on a water supply well
was in 1967, and by 1973 the concentration had risen to 6.7 pg/l.

" A borehole drilling investigation with associated soil and groundwater sampling was performed in
1984. By 1986, it was apparent that a large number of contamination sources was present at the
site, and soils and groundwater are reportedly contaminated with nitrotoluene, nitrobenzene,
nitropentaerythritcyclnite, PCBs, and aromatic aminoes. Pump testing in a deep well installed
beneath the site showed only what is described as trace-level contamination (0.01 - 0.03 pg/l of
nitrotoluene). In a shallower "middle" aquifer, aromatic aminoes at 20 pg/l and nitrotoluene at 2
pg/l were found. Investigation of the upper aquifer to determine the influence of the waste heap
involved drilling 22 boreholes to depths of up to 25-m. The results have been reported as showing
strong contamination, with up to 63,300 ng/l nitrotoluene.

Remediation activities include removal and disposal of the contents of sludge basins (133 mg/l of
nitrotoluene), cleaning out of the former drainage systems, and planning for the extraction and
treatment of groundwater. Public water supply arrangements in the area have also been
progressively modified as wells have become affected by contaminant plumes. In one case, water
from a well is mixed with that from another source and then treated with an activated carbon filter
before distribution.

The Hirschhagen site is located on a hill, apparently in a groundwater recharge area. One concern
at the site is that an initial proposal to pump from the lower aquifers to eliminate the possibility of
migration of the contamination into the lower aquifer may in fact increase the spread of
contamination by increasing the flow from the heavily contaminated upper zone into the lower
ones.

Remediation-related costs, including alternative water supply arrangements, were already DM 25
million in mid-1989. In 1990, the total remediation related costs were estimated as DM 70 million.

Source: (Hessisches Ministerium fiir Umwelt und Reaktorsicherkeit, 1989)
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A-9 Malsch Landfill (Baden-Wiirttemberg)

The Malsch landfill is a special waste disposal facility located near Malsch on highway B3 about 20
km south of Heidelberg in Baden-Wiirttemberg. The original owner operated a clay quarrying
company from 1920 to 1971. Beginning in 1971, the site was developed as a hazardous waste
landfill. In 1974, temporary closure and remedial measures were implemented, including
construction of a leachate collection system and installation of groundwater monitoring wells. In
addition, improved systems were set up for control and monitoring of wastes brought to the site
and for the analysis of leachate and groundwater samples. The landfill was reopened in 1976, and
the landfill ownership was taken over by Sondermiilll betriebsgesellschaft (SMB). In 1984, waste
disposal at the landfill ceased. The site covers 7 ha, with 5 ha occupied by a landfill containing
about 700,000 tonnes of waste.

Wastes reported to have been disposed at the Malsch landfill include:

salt slags from aluminum recycling;

metallic hydroxide filter cakes;

contaminated soils with high mineral oil content; and

approximately 1,800 tonnes of waste containing dioxin and furans (2,3,7,8 TCDD
content ca. 2 kg ; total dioxin content ca. 30 t). .

*® & o o

The first phase of site investigations was performed in 1984 and 1985, with a drilling and
sampling program. Data from the investigations showed contamination and indicated that several
aquifers could be affected by the landfill, but data were insufficient for a complete risk assessment
to be made. A second phase of testing occurred in the period 1987-1989, including an assessment
of formation fracturing and permeability measurements to define the hydrogeologic regime in the
landfill area sufficiently to enable a water balance to be made. The water balance accounted for the
presence of multiple aquifers.

Hydrogeologic conditions at the site have resulted in significant leachate production and outflows.
Analyses of leachate samples indicated that the leachate was strongly contaminated with
approx1mate1y 120 organic compounds and salts. The amount of leachate produced was high,

averaging 20 m 3/d and rising to 100 m 3/d after heavy rainfall.

Main analytes in the leachate were: chemical oxygen demand, chloride sulfate, volatile chlorinated
organics, PCBs, dioxins, and furans.

Contamination of soil and groundwater caused by releases from the landfill have been detected
over 0.5 km from the landfill. Beginning in June 1984, leachate treatment was performed. Three
leachate collection wells were installed during this period to control leachate. From 1984 to 1985,
landfill covering and revegetation were performed. In December 1990, a remediation plan was
accepted, with a cutoff wall planned for 1991. The current status of the remediation work is not
known.

Reported remediation costs are as follows:

+ 1stand 2nd investigation phases of approximately DM 10-million;
« leachate pretreatment of approximately DM 10-million;

cover construction 1st phase of approximately DM 5-Million; and
encapsulation, cut-off wall and drainage measures of approximately DM 40-60-
million.

Sources: (Hosel, et al., undated)
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A-10 Marktredwitz (Bavaria)

The site of the former Chemische Fabrik Marktredwitz is in a residential area of the town of
Markwredwitz, located about 80 km northeast of Niirnberg in eastern Bavaria. Itis described as
being Germany's oldest chemical manufacturing site, having operated for almost 200 years until
the facility was closed in 1985. The site has been the center of a national pollution scandal. For
years the factory was operated in violation of safety standards without notice by regulators. The
managers of the family company, Rolf and Oskar Tropitzch, went on trial with a resulting DM
190,000 fine. Most charges against them were dismissed by the court, and the company has
subsequently been declared bankrupt. The site area was about 1.5 ha, but with adjacent properties,
the contaminated ground area is approximately 2 ha.

At the site, compounds of mercury, antimony, arsenic, and cyanide were manufactured. Up until
1939, waste water was discharged untreated into the adjacent Kosseine River. Prior to closure, the
site had leakages from the waste water system, unlicensed discharges of toxic materials into the
ground and the surface waters, illegal disposal of production residues, local area contamination
from air pollution, and inadequate materials handling and production control procedures.
Contamination of the site itself occurred to a depth of about 3 m, with an average mercury content
of the soil and the demolition materials of about 1,000 mg/kg. Other contaminants besides the
manufactured materials included lead, cadmium, and organic solvents. It has also been reported
that contamination of the river and associated floodplain has occurred, but details regarding this are
not available.

Following closure, the production equipment was dismantled and about 3,000 tonnes of hazardous
materials were transported in sealed steel canisters for placement in the underground special waste
repository located at Herfa-Neurode. A wall of intersecting bored piles 20-m deep was constructed
to protect the river. Current operations include demolition of the buildings, after which the
contaminated soil is to be cleaned to a target concentration of 50 mg/kg of mercury using a thermal
(400 C-) and vacuum distillation process on the finer fraction. This is intended to recover 90% of
the mercury. A special landfill has been constructed for the materials produced during the
remediation process, including the treated soil.

It is estimated that the total remediation cost will be more than DM 100 million. Most of this (90%)
is covered by the State of Bavaria.

Sources: (Franzius et al., 1992) (Thome-Kozmiensky, 1988) (Kompa et al., 1989)

A-11 Schénburg Landfill (Mecklenburg-Western Pomerania)

The Schénburg landfill, located adjacent to the village of Selmsdorf approximately 15 km east of
Liibeck, is the largest landfill on the European continent. The landfill was part of East Germany's
strategy to get hard currency from the West. For more than a decade, Western European
municipalities and industries disposed of more than 10 million tonnes of waste at the site, generally
without any concern for the nature of the waste.

The landfill has been sold to the State of Mechlenberg - western Pomerania, by the Treuhandanstalt
for DM 10-million and is operating under improved safety standards and design. Approximately
40,000 tonnes of waste are disposed of daily, with a total of 1.2-million tonnes of waste landfilled
at the site in 1991. However, beginning in 1995, western German states will not be allowed to
landfill wastes at the Schonburg landfill, to reserve capacity for the eastern German states, where
landfill capacity is very limited. The future owner is expected to be the state-owned waste and
contaminated sites management firm, Gesellschaft fiir Abfallwirtschaft und Altlasten Mecklenburg-
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Vorpommen mbH, which will likely lease the landfill to private operators. A detailed site
investigation has not been performed. However, it is expected that a DM 30 million reserve will be
passed on to the new operators for remediation of old sections of the landfill and for site
investigations.

Source: (Haznews, 1992b) (Haznews, 1992c)

A-12 Deponie Antonie (Saxony-Anhalt)

Deponie Antonie is a former open pit lignite mine that was used for chemical waste disposal by
Chemie AG. It is located directly west of the Bitterfeld Central Chemical Works of Chemie AG, in
Bitterfeld (Saxony-Anhalt). Lignite excavation at the site was completed in 1914. From the 1920s
to 1945, the pit was used for the disposal of lignite ash and inorganic waste. After 1945, Chemie

AG used the pit for waste disposal. Between 1962 and 1982, approximately 20,000 m3 of
isomers of hexachlorocyclohexane were deposited in the open pit. Other wastes disposed of
include neutralization sludges, benzylchloride residues, sulfuric acid with toluene, tar residues, and
distillation residues (including tetrachloroethane, trichloroethylene, perchloroethylene, and
hexachloroethane). The area of the former pitis 31 ha. The pit is unlined and some of the waste
materials are in a saturated zone that is well connected with the sandy aquifer surrounding the
facility.

Detailed investigations are planned for this site, but have apparently not yet been performed. Based
on regional observations, groundwater in this area is heavily contaminated. Downgradient
concentrations detected in the shallow aquifer include 16,700 mg/1 of chemical oxygen demand;
8.9. mg/1 zinc; 17.5 mg/l of adsorbable organic halides; 1,560 mg/1 of chloride; and 0.95 mg/l of
phenol. In underlying Tertiary strata, 46 g/l of monochlorophenol and 228 mg/1 adsorbable
organic halides were detected. However, Deponie Antonie is not the only potential source area for
groundwater contamination in this area, and the effect of other sites will need to be considered as
part of the site investigation.

Remediation is still in the planning and investigation stages. Because of high cost, a containment
option rather than a full cleanup attempt is probable.

Source: (Krapp et al., 1992)

A-13 Heideloh (Saxony-Anhalt)

Heideloh is a hazardous waste disposal site located about 7 ki west of Bitterfeld in Saxony-
Anhalt. The site was initially used for the excavation of sand and gravel. Between 1965 and 1970
the site was filled with demolition debris from a polyvinyl chloride (PVC) processing plant and
with materials from DDT and hexachlorocyclo-hexane facilities belonging to the Elektrochemischen
Kombinats Bitterfeld. After filling, the site was used for agricultural purposes. Ownership prior
to 1982 is unclear. In 1982, the site was taken over by Braunkohlenkombinat Bitterfeld as part of
a potential lignite open-pit development. Groundwater extraction wells were installed in connection
with the mine development. During mine development excavation work in 1987, the disposal site
was accidentally discovered. Upon discovery, the excavation workers were affected by strong
headaches as a result of vapor exposure. The site is about 5,500 m?2 in area with an estimated fill

thickness ranging from 0.4 m to 6.8 m and a volume of 20,000 m3 of contaminated soil.

Investigations were performed in late 1987 or 1988 shortly after discovery of the site. Fifteen
boreholes were drilled to determine the extent of the waste. Samples obtained during the borehole
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investigation contained DDT, hexachlorocyclohexane, and chlorinated volatile organics. Water
sampling was performed to assess contamination pathways. Total hydrocarbon concentrations in
groundwater samples from adjacent open-pit dewatering wells varied from 0.02 mg/1 to 0.68 mg/l.
Groundwater contamination has affected the potential public use of water obtained from the
peripheral open-pit dewatering wells.

From April to June 1988, remediation was performed at the site. The contaminated areas were
covered with a 0.3- to 0.5-m-thick layer of non-cohesive soil, followed by a 1.4-mm-thick CPE
membrane, and then overlain with more compacted noncohesive soil. A final cover consisting of 4
to 6 m of spoil from the development of the adjacent open pit was then placed on top.

Costs for remediation were reported in East German Marks. Assuming an exchange rate of 1.8
East German Marks per Deutsche Mark, costs were:

* preparatory works at DM 8,930;

» earthworks (planning) at DM 620;

» earthworks at DM 200, 200 ; and
¢ membrane at DM 146, 220.

Source: (Hosel et al., undated)

A-14 Wismut AG (Thuringia and Saxony)

Wismut AG (Wismut) is a group of uranium mining and processing sites located in eastern
Germany, primarily in Thuringia and Saxony. Mining has been performed in the Erzgebirge (ore
mountains) for centuries. Uranium mining on a large scale was begun by the Soviets following
World War II. Prior to reunification, the operating company was called SDAG Wismut, a joint
Soviet-East German organization. The current company is owned by the federal government of
Germany, and as of 1990 most production-related mining operations were discontinued.

About 400 industrial sites connected with mining and processing were operated at various times by
Wismut. Some of the major sites include:

+ Konigstein, an underground acid leaching operation located approximately 25 km
southeast from the center of Dresden along the Elbe River;

* Aue region, an area of deep underground mining near the town of Aue about 30 km
southwest of Chemnitz;

* Ronneburg area, an open pit and underground mining area located approximately 9
km east of Gera, with a total of 1,760 ha and a total estimated waste quantity of

about 130 million m3; and

* Seelingstidt, a mineral processing facility located approximately 15 km southeast of
Gera, with 4.4-million tonnes annual capacity, and associated tailings containing
about 100-million tonnes of tailings covering approximately 200 ha.

Uranium mining and processing operations have resulted in the release of radioactive and
chemically active materials. These include releases of radon from waste piles and mine ventilation,
dust from tailings ponds, and contaminated drainage water from mine sites. Continued oxidation of
pyrite in waste materials and in the mines is expected to increase acid groundwater conditions and
associated metal leaching problems.
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Prior to 1990, limited monitoring programs (including radon monitoring) were in place.
Investigations connected with decommissioning were started in 1990, following the effective
closure of the mining complexes. Gamma surveys were made in the areas in and around the
operational areas, followed by sampling and chemical analysis of soil, groundwater, and surface
water. Additional investigations were performed to improve the hydrogeologic characterization of
some of the individual sites, and test programs of potential decommissioning components, such as
water treatment plants, were instituted.

Under current conditions, the principal environmental and health risks result from the discharge of
mine drainage water and air circulation through mine workings. Physical hazards may also arise
because of the close proximity of housing to many of the sites. Flooding of the underground
mines has significant effects on surface and groundwater flows and qualities.

Although remediation planning has begun, very limited field work has been carried out pending
government approval. Costs for decommissioning have been estimated to range from DM 5 to 20
billion.

Source: (Nuclear Assurance Corporation, 1990)

A-15 Firma Oel Pintsch Gmbh. (Berlin)

Firma Oel Pintsch Gmbh. was a waste oil processing facility located in the Britz area of Berlin, in
former West Berlin. The facility was operated from the mid-1920s, until it was destroyed by fire

in 1981. It covers approximately 16,000 m2. Waste materials, including sludges, acid tars, and
solvents, were discharged into open pits. Leaks and.spills of mineral oil, PCBs, polyaromatic
hydrocarbons, and phenols resulted from leaky pipes and wartime damage.

After the fire, investigations were performed. Seventeen boreholes were drilled at the site and 23
water level probes were driven. Groundwater and soil samples were obtained and analyzed. Water
samples from near the water table had the following concentrations: 1 to 161,700 mg/1 of aliphatic
hydrocarbons, 19 to 1,043 mg/l of coal tar oil (aromatics), and 0.09 to 226 mg/1 of chlorinated
hydrocarbons. Soil and groundwater contamination were reported on adjacent sites. Groundwater
depth at the site is approximately 8.5 m.

In October 1984, remediation was initiated by removing the site buildings and installing eight
groundwater recovery wells. In each of these, "rope-mop-wringer" equipment was installed to
remove floating product. This system consisted of a rope loop with mop sections attached. The
loop was installed in the well so that the lower end was in the floating product zone. Continuous
rotation of the loop brought product to the surface in the mop sections. The rope passed through a
wringer at the surface to recover the product. The state government of Berlin is paying for site
remediation.

Source: (Franzius et al., 1992)
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RECENT CASE STUDIES IN GERMANY
Table B-1: Recen ies in

The table contains 21 case studies of recent environmental restoration projects in Germany. The
projects provide a representative cross section of the types of remediation programs performed in
Germany. The technologies used are fairly standard, but some innovative applications were
performed. Each project is described in terms of:

 project name and location;

« type(s) of contaminants (if known);
 remediation technologies employed; and
» reference.

Table B-2: BMFT Funded Proj 1984-1

Table B-2 contains a list of all of the waste management and environmental projects funded by the
BMFT during the period 1984 to 1990. The projects are grouped by the general categories such as
the type of treatment (e.g., in situ remediation, safeguarding), process involved (e.g., thermal,
biological), etc. Additional information can be found in BMFT (1991b).

Table B-3: Ar f Future BMFT-Sponsored R ch and Development in Environmen
Restoration

Table B-3 contains a list of the specific areas in environmental restoration in which the BMFT
plans to support research and development in the next several years. The list was compiled from
BMEFT publications, primarily BMFT (1989).

Table B-4: 1A nd Phone Number

This table contains an extensive of list of agencies, institutes, publications etc. associated with
environmental matters or research in Germany.
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TABLE B-1. RECENT CASE STUDIES IN GERMANY

Project/Contaminant

Remediation

Reference

Chemical pharmaceutical
plant - Hamburg/
PCDDs and PCDFs

Excavation, thermal treatment and
replacement of contaminated soil.
Pumping of contaminated
groundwater (chlorobenzene).

Jurgens,H. and R.Roth, "Case
Study and Proposed
Decontamination Steps of the
Soil and Groundwater Beneath
a Closed Herbicide Plant in
Germany," Chemosphere
CMSHAF, v.18, n.1-6, p.
1163-1169, 1989.

CH Boehringer chemicals
Hamburg Moorfleet pesticide
plant/dioxin TCDD

Incineration of contaminated
soil/building rubble and groundwater
"overhaul”.

Frankfurter Allgemeine
Zeitung, p. 22, Sept. 22,
1990.

Munchehagen - Hannover

Subsurface sealing (by longwall
mining techniques).

Chadwick, J., "Longwall to
Save Landfill Time-Bomb?,"
Mining Magazine, p. 340-
341, June 1992,

Dresden landfills remedial
work/mixture of uncontrolled
hazardous wastes

(79.5mDM) planned.

Haznews, n. 31, p. 11,
October 1990.

Stuttgart filling station/PCB,
polyaromatic hydrocarbons, mineral
oil

Oecotec high pressure soil washing in
mobile plant (by Kloeckner).

"Clean Dirt,” World Water and
Environmental Engineer, p.
15, November 1991.

Buna - Schkopau/cyanide and
mercury

by Umwelt-Ingenieur-GmbH.

"Cleanup Companies for
Sachsen-Anhalt,” Haznews, n.
40, July 1991.

Cleanup of abandoned

Chemische Werke Buna AG
chemical site in East
Germany/mercury

Excavation, screening/crushing,
incineration in rotary kiln, and
multiple gas cleaning stages (by
LUB).

Haznews, n. 41, p. 8, Aug.
1991.

Soil and groundwater cleanup
at clock factory in
Senden/chlorinated hydrocarbons,
cyanide and heavy metals

Planned.

Haznews, n. 35, p. 6, Feb.
1991.

Soil cleanup at Robert Miiser
mine in Bochum/tar oils,
benzene, toluene, xylene and
polycyclic aromatic hydrocarbons

Deconterra 2-step wet mechanical
separation process (by LUB for

Harpener AG).

Haznews, n. 38, p. 8§, May
1991.

Vereinigte Deutsche
Metallwerke (VDM) AG site
in Frankfurt-
Heddernheim/organic and inorganic
pollutants, e.g., volatile chlorinated
hydrocarbons, polycyclic aromatics
and heavy metals.

Excavation, Deconterra 2-step wet
mechanical separation process (by
LUB), and landfill or incineration of
residue.

Haznews, n. 43, p. 4, Oct.
1991; LUB brochure.

Stadtallendorf munitions site
in Hesse/chemicals and explosives
including TNT

Excavation, Deconterra 2-step wet
mechanical separation process (by
LUB), and incineration of residue.

Haznews, n43, p. 4, Oct.
1991; LUB brochure.

Cleanup of soil and

demolition material

(7,000m3) of cable

reprocessing plant at
Maulach, Baden-

Removal and landfilling in specially
designed monofill site (8.5mDM).

o ey g e — - e .
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TABLE B-1. (Cont.) RECENT CASE STUDIES IN GERMANY

Project/Contaminant

Remediation

Reference

Cleanup of Pintsch used oil
plant/oil, solvents and special
wastes

(188.5mDM since 1984)

Haznews, n. 48,p. 10, March
1992.

Treatment of dredged material
from Hamburg harbor/organic
and inorganic toxic compounds

Mechanical treatment of harbor mud
(METHA) plant 2mt/yr, 100mDM
construction cost), whereby fines are
separated from coarser particles, the
coarse materials are washed and used
as building materials, the fines are
floculated and then dewatered, and
then stored for ultimate use as
ceramic burnt pellets for construction
material (by LUB).

LUB brochure.

Georgswerder

Pilot study regarding
detection/recycling of gas,
seepage/leachate treatment (especially
dioxin contaminated), surface sealing,
seepage minimization, and
information/analysis/modeling of
spatial distribution of contamination.

BMFT, 1991b.

Gerolsheim/Hazardous Waste.

Encapsulation of landfill; pilot study
regarding sealing wall system, surface
sealing system, emission/transport
behavior of gas, gas/seepage
treatment, and long term behavior

BMEFT, 1991b; UFORDAT,
1992 (BMFT research:
Handzik, K.H., Dipl.-Ing., c/o
Gesellschaft zur Beseitigung
von Sonderabfaellen
Rheinland-Pfalz, Postfach
2180, D-6500 Mainz, RP,
Tel.: 49-6131-23930).

Bonen GFR In-situ biological treatment by Ebel, 1988.
Ruhrkohle AG.
Mansfelder Land - Sachsen- N/A

Anhalt

Bitterfeld Region,” Haznews,
n. 39, June 1991.

Gas plant Solingen/polycyclic
aromatic hydrocarbons

Microbiological remediation from 120
mg/kg to 10 mg/kg.

UFORDAT, 1992 (BMFT
research: Steilen, N,
Dipl.-Ing., c/o GERTEC,
Viehofer Str. 11, D-4300
Essen, NW, Tel.:

"Financial Aid for Germany's l’
49-201-245640).

Cox Plant Herne/benzol, toluol,
xylol, polycyclical aromatic
hydrocarbons

Combination of two drainage systems
(for groundwater and soil air) and a
well system for air injection.

research: Kueper, J.,
Dipl.-Geol., c/o Stadt Hemne,
Amt fuer Umweltschutz
Postfach 1820, D-4690 Herne,
NW Tel.: 49-2323-162540

UFORDAT, 1992 (BMFT |l
Telex: 8229872 skhr d).

{ Note: _ This is a representative (rather than a comprehensive)list, | |
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TABLE B-4. USEFUL ADDRESSES AND PHONE NUMBERS

Abwassertechnik, Abfalltechnik + Recycling
(Waste Water, Waste Disposal + Recycling)
Postfach 14 to 60

6200 Wiesbaden
Telephone: 612179 10
Telefax: 612179 12 85

Budesminister fuer Umwelt, Naturschutz und

Reaktorsicherheit
Kennedyallee 5
Postfach 120629
W-5300 Bonn 1

Telephone: 228 305 2240

Deutsche Forschungsanstalt fiir Luft- und
Raumfahrt e.V. (DLR)

Projektriger "Umweltschutztechnik"
Siidstral8e 125

W-5300 Bonn 2

Telephone: 228 38210
Telefax: 228 3821 229

Federal Health Ministry
Bundesminister fiir Gesundheit
Deutschherrenstrale 87
Postfach 200129

5300 Bonn 2

Forschungszentrum Jiilich GmbH (KFA)
Postfach 1913
W-5170 Jiilich 1

Telephone: 246 1610

e TS T

Fraunhofer Institut fiir Unweltchemie und
Oekotoxologie

(Fraunhofer Institute for Environmental
Chemistry and Eco-Toxology)

Postach 12 60

5948 Schmallenberg

2972 3020
2972 3023 19

Telephone:
Telefax:

Gesellschaft fiir Biotechnologische
Forschung (GBF)
Mascheroderweg 1

W-3300 Braunschweig-Stockheim

531 61810

Gesellschaft fiir Strahlen- und
Umweltforschung mbH (GSF)
Ingolstidter Landstrafe 1
W-8042 Neuherberg

Post Oberschleifleim

Telephone:

Telephone: 89 31871

With institutes in Neuherberg and Miinchen,
Attaching, Clausthal-Zellerfeld, Dortmund,
Frankfurt, Gottingen, Griinbach, Hannover,
Wolfenbiittel

Investor Relations Department
Treuhandanstalt

Leipziger Strale 5-7

0-1080 Berlin

Telephone: 30 3154 1340
Telefax: 303154 1348
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TABLE B-4. (CONT.) USEFUL ADDRESSES AND PHONE NUMBERS

Kernforschungszentrum

Karlsruhe (GmbH (KfK)
Projekttriger "Wassertechnologie und
Schlammbehandlung”

Postfach 3640

W-7500 Karlsruhe 1

Telephone: 7247 82 4851
Telefax: 7247 82-2377

Kreditanstalt fuer Wiederaufbau
Palmengartenstrasse 5-9
W-6000 Frankfurt/Main

Telephone: 69743 11

Miiell und Abfall

(Garbage and Waste Disposal)
Erich Schmidt Verlag GmbH
Postfach 73 30

4800 Bielefeld 1

Telephone: 521 58 30 856

Séchsisches Staatsministerium

Fiir Umwelt und Landesentwicklung
Ostra Allee 23

0-8010 Dresden

Telephone: 37 91 4860202

Senator Fiir Wirtschaft und Technik
Berlin

Martin Luther Strafe 105

W-1000 Berlin 62

Telephone: 30 7831
Telefax: 30 783 8455

Senatsverwaltung Fiir Stadtentwicklung
Und Umweltschutz

LindenstraB8e 20 - 25

W-1000 Berlin 61

Telephone: 30 25860
Telefax: 3025 86 23 98

Umwelt (VDI)

(Environment)
Graf-Recke-Str. 84
4000 Duesseldorf 1

Telephone: 211 62 141
Telefax: 211 62 14 575

Umweltbundesamt (UBA)
Projekttriager "Abfallwirtschaft und
Altlastensanierung”

Bismarckplatz 1

W-1000 Berlin 33

Telephone: 30 89 032275

Umweltmagazin
(Environmental Magazine)
Vogel-Verlag
Max-Planck-Str. 7

8700 Wuerzburg

Telephone: 931 41 80
Telefax: 931 44 053

Umweltministerium

Des Landes Brandenburg
Albert Einstein Strafle 42-26
0-1561 Potsdam

Telephone: 37 33 3160

Umweltministerium

Des Landes Mecklenburg-Vorpommern
SchloBstra8e 6-8

0-27B0 Schwerin

Telephone: 37 84 5780
Telefax: 40 6550752

Umweltministerium

Des Landes Sachsen-Anhalt
Pfaelzer Strafle 1

0-3024 Magdeburg

Telephone: 37 51 486020
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DISTRIBUTION:

1

Karen Douglas

U. S. Department of Energy
Albuquerque Operations Office
P. O. Box 5400

Albuquerque, NM 87185-5400

Elisabeth Reber

U. S. Department of Energy
Oakland Operations Office
1301 Clay Street

Oakland, CA 94612

Steve Webster

U. S. Department of Energy
Chicago Operations Office
9800 South Cass Avenue
Argonne, IL 60439

Johnny Moore

U. S. Department of Energy
Oak Ridge Operations Office
3 East Main Street

Oak Ridge, TN 37830

Jim Wright

U. S. Department of Energy
Savannah River Operations Office
P. O. Box A, 724-20E

Aiken, SC 29802

Debbie Trade

U. S. Department of Energy
Richland Operations Office
P. O. Box 550, MS K8-50
Richland, WA 99352

Russel McAllister

U. S. Department of Energy
Rocky Flats Office

P. O.Box 928

Golden, CO 80402-0928



Tom Williams

U. S. Department of Energy
Idaho Operations Office
850 Energy Drive, MS 1222
Idaho Falls, ID 83402

Rod Warner

U. S. Department of Energy

Fernald Environmental Management Program
P. O. Box 398705

Cincinnati, OH 45329-8705

Focus Area I.ead Managers

Plume and Landfill Focus Areas

3

William Schutte

U. S. Department of Energy
EM-53

19901 Germantown Road
Cloverleaf Building
Germantown, MD 20874

Mixed Waste Focus Area

3

Tom Anderson

U. S. Department of Energy, EM-53
19901 Germantown Road
Cloverleaf Building

Germantown, MD 20874

High-Level Tank Waste Focuse Area

3

David Geiser

U. S. Department of Energy, EM-53
19901 Germantown Road
Cloverleaf Building

Germantown, MD 20874

Facility Transition Focus Area

3

Stephen Lien

U.S. Department of Energy, EM-53
19901 Germantown Road
Cloverleaf Building

Germantown, MD 20874



Crosscut Programs (Characterization, Monitoring, and Sensors; Robotics; and
Separations)

1 Caroline Purdy
U. S. Department of Energy, EM-541
19901 Germantown Road
Cloverleaf Building
Germantown, MD 20874

1 Linton Yarbrough
U. S. Department of Energy, EM-55.1
19901 Germantown Road
Cloverleaf Building
Germantown, MD 20874

1 Teresa Fryberger
U. S. Department of Energy, EM-542
19901 Germantown Road
Cloverleaf Building
Germantown, MD 20874

Technology Transition

1 J. Mac Lankford
U. S. Department of Energy, EM-54
19901 Germantown Road
Cloverleaf Building
Germantown, MD 20874

ield Office anagers
Waste Management Managers

1 Marilyn S. Bange
U. S. Department of Energy
Waste Management Division
P. O. Box 5400
Albuquerque, NM 87185

1 Joel C. Haugen
U. S. Department of Energy
Waste Management Division
9800 S. Cass Avenue
Argonne, IL 60439
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U. S. Department of Energy

P. O. Box 538704

Cincinnati, OH 45253

ATTN: Waste Management Division

Jim VanVleit

U. S. Department of Energy
Waste Management Division
P.O. Box 1625

Idaho Falls, ID 83415

Carl P. Gertz

U. S. Department of Energy
Waste Management Division
P.O.Box 98518

Las Vegas, NV 89193

Larry L. Radcliffe

U. S. Department of Energy
Waste Management Division
P.O. Box 2001

Oak Ridge, TN 37831

Thomas E. Lukow

U. S. Department of Energy
Waste Management Division
P.O. Box 928

Golden, CO 80402-928

Charles A. Hanson

U. S. Department of Energy
Waste Management Division
Richland Operations Office
200 E. /MO-277/102

2355 Stevens Drive
Richland, WA 99352

Phillip Hill

U. S. Department of Energy
Waste Management Division
1301 Clay Street, Suite 700N
Oakland, CA 94612



Richard R. Viviano

U. S. Department of Energy

Waste Management Projects Division
Savannah River Site

Bldg. 730B, Room 229

P.0.Box A

Aiken, SC 29802

Environmental Resoration Managers

1

Deborah Griswold

U. S. Department of Energy
Environmental Restoration Division
P. O. Box 5400

Albuquerque, NM 87185

Sue Nielson

U. S. Department of Energy
Environmental Restoration Division
9800 S. Cass Avenue

Argonne, IL 60439

U. S. Department of Energy

P. O. Box 538704

Cincinnati, OH 45253

ATTN: Environmental Restoration Division

Kathleen Faulkner

U. S. Department of Energy
Environmental Restoration Division
P.O. Box 1625

Idaho Falls, ID 83415

Stephen A. Mellington

U. S. Department of Energy
Environmental Restoration Division
P. O. Box 98518

Las Vegas, NV 89193

Robert C. Sleeman

U. S. Department of Energy
Environmental Restoration Division
P.O. Box 2001

Oak Ridge, TN 38730
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Jessie Roberson

U. S. Department of Energy
Environmental Restoration Division
P. O. Box 928

Golden, CO 80402-0928

Linda K. McClain

U. S. Department of Energy
Environmental Restoration Division
P.O. Box 550, MS H4-83

Richland, WA 99352-0539

Roger Liddle

U. S. Department of Energy
Environmental Restoration Division
1301 Clay Street, Suite 700N
Oakland, CA 94612

Cynthia V. Anderson

U. S. Department of Energy
Environmental Restoration Division
Savannah River Site

Bldg. 703A, Room E215N
P.O0.Box A

Aiken, SC 29802

Charlie Voss

Golder Federal Services, Inc.
4104 - 148th Avenue, NE
Redmond, WA 98052

Richard Jimenez

Applied Sciences Laboratory, Inc.
P.O.Box 21158

Albuquerque, NM 87154
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