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Abstract

The ongoing WISMUT Remediation Program deals with the legacy of more than 40 years of large-
scale uranium mining and processing in the densely populated areas of Eastern Thuringia and
Saxony (Germany). The mining and processing operations (total uranium production more than
220,000 tonnes) comprise an area of approx. 37 km2. WISMUT started with a complex site
investigation program to determine the degree of contamination of affected areas and an extended
environmental monitoring system of the pathways was established. The overall approach follows the
general rule of guiding, planning and implementation of the site specific rehabilitation projects to
ensure an optimal balance between rehabilitation costs and environmental benefits while complying
with the applicable laws and requirements of the permitting agencies. The WISMUT approach to
remediation can be viewed as an adaptable process tailored to specific circumstances and site
specific situations taking public interests into account. Remediation solutions will be demonstrated by
various site specific examples. The WISMUT decommissioning and rehabilitation project is now in its
eleventh year and by middle of the year 2000 approximately half of the cleanup has been finished. A
well thought out approach to water treatment and timely adjustment to changing conditions will help
save water treatment costs. Consideration of the post rehabilitation use and surveillance
requirements are an integral part of the optimisation of the remedial measures.

1. URANIUM MINING AND MILLING FACILITIES OF WISMUT

1.1 Historical background

After World War 2 the former German Democratic Republic (GDR) was the scene of large
scale uranium mining supplying the former Soviet Union (USSR) with the feed material for
the nuclear weapons and nuclear energy programs. The mining, milling and processing
activities took place within a relatively small but densely populated area in the States of
Thuringia and Saxony extending from East to West about 130 km and from North to South
about 50 km. More than 40 years of intensive mining and processing resulted in a total
production of more than 220,000 tonnes of uranium.

The mining and processing adversely affected an area of about 100 square kilometres and
caused locally extreme devastation and widespread soil and groundwater contamination.
Particularly during the initial years of production little care was paid to protection of the
health and safety of the workers and the general public and protection of the environment in
the affected areas. The operations were kept strictly secret.

Following reunification of Germany in 1990 production was brought to an end. By subsequent
corporate restructuring, WISMUT GmbH, as the successor company to SDAG Wismut, was
put in charge of decommissioning and rehabilitation of the uranium mining liabilities by a
federal law (Wismut Act, 1991). The German Federal Government committed a total amount
of up to DM 13 billion to the Wismut remediation project.

233



1.2 Situation at the time of closure of production and start of rehabilitation

The mining and processing facilities of WISMUT were spread over an area of approximately
37 square kilometres. The mining activities generated approximately 400 million cubic meters
of radioactive waste rock and other contaminated objects which were left behind as waste rock
dumps, heap leach dumps and ore handling and transportation facilities.

In addition to radiation safety problems at all sites, the substantial arsenic content of the waste
rock contribute to the cancerogenic risk at the Schlema site, where vein ores were mined. A
chemical and chemical-toxic contamination is characteristic for the Konigstein mine where
underground leaching of uranium by sulphuric acid took place during the 80s and 90s. Acid
mine drainage combined with high hardness of the seepage and mine water are a serious long-
term problem at the Ronneburg mine site. Finally, at two sites (Schlema and Ronneburg)
several hundred thousand tonnes of mixed waste were left behind consisting of radioactive
waste rocks and construction materials contaminated by various hydrocarbons [1,2].

The uranium processing generated approximately 175 million cubic meters of tailings from
which 160 million cubic metres of tailings were disposed of in 3 major tailings ponds at the
Seelingstadt site (Triinzig and Culmitzsch) and the Crossen site (Helmsdorf). In 1990 the
effluent discharge from mining and milling plants into the receiving streams was approx. 31
million cubic meters carrying a uranium load of approximately 28 tonnes. By 1998 the
discharged load had decreased to approximately 4 tonnes of uranium. The following table
gives an overview of the size and volume of the contaminated materials.

TABLE 1. SIZE AND VOLUME OF THE CONTAMINATED MATERIALS

Contaminated
Materials

Operation areas
Waste rock dumps

Tailings ponds
Open pit

Concrete / masonry
Scrap

No.

48
14
1

Area

37.1 km2

15.4 km2

7.3 km2

1.6 km2

Volume / Mass

311Miom3

161 Miom3

84 Mio m3

350,000 m3

262,000 Mg

2. ENVIRONMENTAL DATA COLLECTION, ANALYSIS AND ASSESSMENT

In 1990 an extensive survey was started to determine the degree of contamination of the
affected areas. The data collected were stored in an environmental database or "register" for a
first preliminary assessment of the observed environmental impact. Initially, a gamma dose
rate survey was carried out involving an area of about 120 km2. During the survey 240,000
data points were recorded and the results showed that 84.7%of the surveyed area had a near
background level (dose rates < 200 nSv/h). This helped to identify the degree of surface
contamination at the various sites and identify the areas of the main radioactive impact.

In summary, it may be stated that the specific activity of mine waste was in the range of 200 to
2000 Bq/kg (Ra-226) and the specific activity of mill tailings in the range of 3000 to 15000
Bq/kg (Ra-226).

An extensive environmental monitoring system was established to monitor the air,
groundwater and surface water at all Wismut sites. By the end of 1992, the WISMUT network
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comprised approximately 1300 measuring points monitoring continuously the radon
concentration, the dust carrying long-lived alpha emitters, the contaminants in surface water
and groundwater as well as the biomass [3].

The implementation of the monitoring network was followed by a site-specific analysis of the
pathways. The following exposure pathways were found to be relevant for the Wismut sites:

(a) the atmospheric pathway leading to exposure by inhalation of radon and progeny and
inhalation of airborne radioactivity (long-lived alpha emitters attached to the dust),

(b)the terrestrial pathway accounting for the radiation dose caused by external radiation
due to prolonged stay on a site under remediation and due to ingestion of soil,

(c)the aquatic pathway whereby exposure is caused by ingestion of contaminated water
or crops irrigated with such water.

To ensure compliance with the regulatory requirements a quantitative risk assessment was
carried out. The methodological approach used a quantitative analysis of the potential ways of
release and migration of radioactive and other contaminants and calculation of the dose or risk
for a site-specific scenario. The radiological assessment is based on the comparison of the
calculated effective dose with the recommended effective dose level of 1 mSv [4]. The
exposure to radon and progeny is part of the dose calculation.

Once the requirement to rehabilitate has been established/justified, the selection of the most
appropriate remedial option was the next evaluation step. This optimisation step aims at
finding the remedial measures which provide an optimal balance between the rehabilitation
costs and environmental benefits. Benefits includes gains due to reduction in the exposure to
radioactive and chemical contaminants, savings in the extent of long-term environmental
monitoring and, if relevant, savings in social costs. Furthermore, consideration is given to
nature conservation, public acceptance and overall land use plans. In case of complex objects
and sites a multi-attribute utility analysis has been used to establish the optimal rehabilitation
option [5],

3. REMEDIATION APPROACH

The boundary conditions of the decommissioning and rehabilitation process are determined by
the applicable laws, relevant regulations and the rehabilitation target set by discharge permits.
The selection of a specific remedial option, measure and technology has to be sought within
this legal framework. The overall approach follows the general rule of guiding, planning and
implementation of the site specific rehabilitation projects to ensure an optimal balance
between rehabilitation costs and environmental benefits while complying with the
requirements of the permitting agencies. The technical planning and implementation of the
rehabilitation concepts is done after checking the feasibility of the application to the specific
task on an object and site specific basis. The implementation is supported by a comprehensive
computer based project planning and monitoring system and risk management. An
optimisation feedback is provided through continuous evaluation of the collected technical
data.

The WISMUT experience shows that the rehabilitation of uranium mining and processing
liabilities is not a straightforward project like the construction of a building, but rather an
iterative process of gradual steps. One or more iterations of preliminary design or selected
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alternatives are needed before permit application. A permit for the planned remedial measure
is seldom granted without conditions; as a rule in most but the simplest cases the regulators
request modifications to the design. Furthermore, the successful implementation of the
remedial measures requires a continuous communication with the relevant local governments
and local communities. Accordingly, considerable effort is put into public relations
management [6].

4. REMEDIATION OF WASTE ROCK DUMPS

Already in the initial phases of the development of a rehabilitation concept it became apparent
that it will not be feasible to rehabilitate all waste rock dumps of WISMUT in situ. A typical
reason for relocation of waste rocks dumps in case of the Schlema area in the Ore Mountains
was the immediate neighbourhood of residential areas. The waste rock dump "H 250" at the
Schlema site, for example, had to be relocated for this reason. After relocation the area
became available to the municipality for further housing development.

At the Ronneburg site, because of the pyrite content the waste rocks are mostly acid
generating upon contact with the air. The generated sulphuric acid causes a leaching of the
radioactive and harmful substances from the waste rock which is likely to continue for
extended periods of time. In order to avoid having a large number of contaminant seepage
problems spread over an extensive area, the decision was made to relocate most of the dumps
in the "Lichtenberg" open pit mine. In this case, the rehabilitation of the waste rock dumps
was suitably combined with the rehabilitation of the open pit mine, thus providing a good
synergy of the rehabilitation goals [7]. The sequence (depth) of placement of the waste rock
(and other materials) into the open pit was subject to optimisation and made dependent on the
degree of acid generating potential of the relocated waste rock blocks. Currently, by use of an
efficient relocation/transportation/placement strategy approximately 40 000 m3 of waste rock
are relocated per day.

Site specifically, in a number of cases the environmental assessment and feasibility study
resulted in recommendation of in situ rehabilitation of the waste rock dumps. In situ
rehabilitation usually involves reshaping of the dumps to a geomechanically stable form,
covering with a soil cover system designed to reduce radon exhalation, external radiation and
limit the infiltration into the dump over the long-term. The surface of the cover is vegetated to
prevent erosion and to blend in with the surrounding landscape. For the implementation it is
crucial to select and use technologies allowing to cover steep slopes (1:2 to 1:2.5). An
outstanding example of successful covering of steep slopes is provided by the
"Hammerberghalde" dump located in the centre of the town of Schlema. This waste rock
dump extends over an area of nearly 0.35 km2 and used to be a significant source of radon
exhalation. After rehabilitation, the dump will become part of the park landscape of the city
which is presently successfully developing into a health spa as it used to be before the mining
activities of Wismut started.

5. DECONTAMINATION OF AFFECTED AREAS

In course of the mining and milling activities by Wismut numerous smaller areas owned by
the surrounding communities or private parties became contaminated. In accordance with the
responsibility of Wismut this land was reclaimed for safe and beneficial use. For the areas
belonging to the Wismut plant sites, former ore loading points and transport routes the
rehabilitation was carried out using national radiation protection guidelines specifying
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different levels of decontamination depending on whether an unconditional or restricted post
rehabilitation use is intended. The decontamination of some sites was commonly done with
the restriction of an industrial use only.

The restricted release of an area for industrial use in first approximation means that the
decontamination is done to an activity level in the ground below 1 Bq/g. To achieve an
unrestricted release of a contaminated area a cleanup level of 0.2 Bq/g is required. The
mentioned clean-up levels present secondary remediation criteria for practical field use and
are derived from the recommended level of radiation exposure of 1 mSv/a of individual
effective dose in excess of the natural radiation [4]. So far the rehabilitation of about 2500.000
m2, i.e. 7%of the affected areas, has been completed and ownership transferred to the
communities or private parties. For the areas leased by Wismut which originally constituted
agricultural land, compensations for the lost income covering time periods of 3 to 5 years
were paid to the landowners.

6. REMEDIATION OF URANIUM MILL TAILINGS PONDS

Milling operations ceased 1989/90 (short after-production runs extended into 1991) leaving in
place a total of 545 hectares of tailings ponds at Seelingstadt (Culmitzsch and Trunzig) and
Crossen (Helmsdorf and Dankritz) with a total tailings volume of approximately 160 million
m3. The key characteristics of the tailings ponds are shown in Table 2.

TABLE 2. KEY CHARACTERISTICS OF WISMUT TAILINGS PONDS

Tailings Impoundment

Tailings surface area (ha)
Water cover surface area
(ha)
Tailings volume (Mio m3)
Solid mass (Mio t)
Max. tailings thickness (m)
Unat in solids (t)
Ra-226 in solids (1014 Bq)
Unt in pond water (mg/L)
Ra-226 in pond water
(mBq/L)
Unat in pore water (mg/L)
Ra-226 in pore water
(mBq/L)

Culmitzsch
Basin A

158.1
72.7

61.3
64.0
72

4800
7.9
0.14

191

0.3 . 3.9
5000

Culmitzsch
Basin B

75.8
48.3

23.6
27.0
63

2240
2.4
6.29

1232

1.0. 16.5
2300

Trunzig
Basin A

66.8
0

13
13
30

1500
1.3

N.A."
N.A.1'

1.19
632

Trunzig
Basin B

48.1
36.5

6
6

N.A.
700

0.5
1.0

150

N.A.
N.A.

Helms-
dorf

205.3
139.7

45
48.9
48

5030
5.5
6.54

1300

2 .30
500.200

0

Dankritz
I

18.9
12.2

4.6
6.6

23
1052

0.38
1.70

760

10.85
N.A.

Based on a probabilistic risk assessment, an agreement was reached with the regulator that a
dry, in situ stabilisation of the tailings ponds should be the overall aim of the rehabilitation.
The following considerations entered the evaluation of the approaches to achieve this
rehabilitation goal [8]:

• Hydrologic assessment: Because of the potential hydrological consequences of a dam
failure and proximity of the Helmsdorf and Dankritz impoundments to population
centres (approximately 500 m) and to public roads (approximately 100 m) the dry
cover remediation option was confirmed as the best long-term solution.
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• Water balance: The exact knowledge of water input and output from the tailings
impoundments was required for evaluation of the water treatment needs. The seepage
flow due to tailings consolidation had to be added to the standard water balance
components.

• Embankment Slope Stability: In case of the Helmsdorf site hydrogeological
modelling showed that by removal of the pond water the phreatic surface in the
tailings can be lowered to a level which provides sufficient safety for the main dam in
the present state.

• Seismic stability. The seismic stability of the tailings dams (particularly of the
Helmsdorf main dam) was investigated and certified to be stable under both static
and dynamic load conditions.

• Drainage system. After decommissioning of the tailings facilities the drainage system
of the main dumps were rechecked and measures taken to keep it unclogged.
Automatic recorders of flow were installed for monitoring of seepage.

• De-watering and interim cover placement. The construction of the interim cover has
to account for the different geomechanical behaviour of the sandy beaches, slimes
and intermediate zones. The purpose of the interim cover is beyond radiological
protection to induce tailings consolidation and create a trafficable surface for dry
remediation.

• Contouring. The final surface geometry is to be designed to a shape which allows for
a good drainage and surface run off. Generally, in the sections where reliable
drainage is required slopes > 3% are needed. Any differential settlements have to be
remediated during this stage to provide a stable foundation for the final cover.

• Final cover. A multi-layer, multiple-functional mineral soil cover system is
envisaged for the final cover. The cover design has to be adjusted to the inclination or
flatness of the specific sections of the contoured surface. A sealing layer such as
achievable by soil compaction or use of clay in conjunction with a good soil water
drainage is considered to provide the required reduction of infiltration into the
tailings in the sloped sections of the contoured surface; in the flat, plateau-like
sections of the fine tailings surface the cover has to be designed to provide a self-
sustainable soil water balance within the cover.

• Erosion protection. Flattening of the external slopes of the embankments and
planting of suitable vegetation on the final cover is seen as the most important
erosion protection measure.

• Landscaping. Landscaping is carried out with the aim to fit the impoundment into the
natural landform. The development of a natural succession of indigenous trees will
be enhanced.

The development and testing of technologies for consolidation and covering of the soft
tailings (shear strength <5kPa) is ongoing. Because of the very slow consolidation and
difficult accessibility of the soft tailings, the technological approach selected for this part of
the tailings ponds can have a substantial effect on the costs and duration of the rehabilitation;
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it is essential to consider the cost/time trade-offs of the combination, sequencing and timing of
use of various technologies.

7. WATER TREATMENT

The major sources of contaminated water at WISMUT are discharges from flooded mines,
tailings pond seepage and waste rock dump seepage. The mine waters and seepage cannot be
freely discharged into close-by rivers because of the radioactive components in the water (U
and Ra) and chemical contaminants such as As, Fe, Mn which are usually above regulated
limits. Also other components such as Mg and Ca along with sulphites, chlorides and
carbonates are limiting factors because they cause an excessive hardness of the water [9].

Discharge rates from flooded mines can be as low as 50 mVh (Poehla mine) or as high as 1000
mVh (Schlema mine). The volume of water to be treated at tailings pond sites comes typically
at a rate of some hundreds of cubic meters per hour (approximately 250 m3/h at Helmsdorf),
whilst the seepage rates from rock dumps are relatively small (1 to 30 mVh).

The high contamination in the mine water discharge is likely to endure for 5 to 25 years
depending on the specific site conditions and the hydraulic regime imposed. The
concentration of contaminants in the tailings pond water changes with time as the water is
continuously diluted by precipitation and the portion of the pore water from the tailings
deposit increases. It is expected that the water discharge from the tailings ponds will continue
for 15 to 25 years.

To treat the large volumes of contaminated water coming from the flooded mines a number of
various water treatment technologies are used at WISMUT, the type of technology applied
depends on the site-specific conditions. Passive treatment methods are being developed and
introduced to provide long term solutions to treatment of smaller volumes of seepage water.

-e
CO

c

CO
O

Conventional^
treatment
cost effective

Transition to
passive systems
feasible

Fassive systems cost efficient

Environmental benigi(be!cwregJatory limit)

10 20 l i t re [yeans] 3°

FIG. 1. Water treatment strategy as a function of contaminated loadings and time.

239



The economic evaluations of the water treatment consider total costs associated with the
treatment, i. e. the costs for the entire duration of the treatment and accounting for the
immobilisation and disposal of the residues. Typical investment costs for the treatment plants
at WISMUT are in the range from DM 15 to 30 million. Operating costs experienced at the
treatment plants vary from DM 1.75 per m3 in Aue to DM 8.32 per m3 in Helmsdorf. For the
future plants at Ronneburg, Seelingstadt and Konigstein the operating costs are expected to be
in the order of DM 1,50 per m3 [10].

The long term trend of the water quality development at the WISMUT sites is toward
decreasing contaminant loads which implies that the operation of conventional treatment
technologies is likely to become economically inefficient with time. A technology switch from
conventional to alternative (as a rule passive) treatment methods at the right time promises a
better economics in the long term (see Figure 1).

Using international experience, the feasibility of the following passive water treatment
technologies is tested at Wismut:

(a) constructed wetland,

(b)reactive permeable walls, and

(c)in-situ removal of contaminants by micro-organisms.

The significance of a well thought out approach to water treatment and timely adjustment to
changing conditions becomes obvious from the fact that the portion of the water treatment
costs in the overall WISMUT reclamation costs amounts to approx. 15% to 20% [10].

8. ENVIRONMENTAL MONITORING

Both implementation of the remedial measures and the subsequent performance of the
rehabilitated objects is monitored at WISMUT sites. The environmental monitoring
distinguishes between Basic and Remediation Monitoring [3]. The Basic Monitoring includes
the long-term measurements of environmental emissions, immissions and effluents from the
post-production activities and the assessment of the environmental effects of rehabilitation.
The Remediation Monitoring is used during implementation of the remedial measures to
check compliance with the limits of the permitted dose to workers and the general public. The
long term challenge in this area is the flexible adjustment of the monitoring network to the
changing needs of the progressing project.

9. POST REHABILITATION SURVEILLANCE

Consideration of the post rehabilitation use and surveillance requirements are an integral part
of the optimisation of the remedial measures. The optimisation usually aims to select and
implement remedial solutions which minimise the number and/or size of the rehabilitated
areas requiring restricted use. Whenever feasible, elements enhancing long term performance
are built into the design thus facilitating an unrestricted transfer and subsequent use of the
rehabilitated objects/areas.

In order to ensure long term stability and integrity of the objects / areas rehabilitated for a
restricted use such as the tailings ponds and waste rock dumps as well as functionality of the
protective covers, all potential failure mechanism are identified, the likelihood of their
occurrence quantified and the hypothetical consequences evaluated. The results of the analysis
are considered in the design to achieve sustainable remedial solutions. Nevertheless, in the
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long term a small residual risk of failure will always remain. In accordance with the legal
requirements in Germany this necessitates the establishment of an institutional control regime
of the rehabilitated objects by the government and the identification of the legal entity
responsible for the task. The burden of repair in case of an unexpected failure lies both with
the government and the post-rehabilitation proprietor of the object/area.

With regard to the needs and scope of monitoring and maintenance, WISMUT distinguishes
(a) a post-rehabilitation phase and (b) a long term phase. During both phases the obligation
may exist to treat the contaminated water, provide seismic surveillance and subsidence
measurements, monitor the immission in the vicinity of the area/object (in the air and water
and in the receiving streams). A monitoring and surveillance plan has to state the frequency of
measurements, recording and reporting. The site inspections are likely to include the checking
of drainage conditions, of channels and seepage collection systems, of possible human impact,
of embankment stability and for surface damages, erosion gullies, bioturbation, condition of
vegetation.

10. RESULTS AND CONCLUSIONS

The WISMUT decommissioning and rehabilitation project is now in its tenth year and
approximately half of the cleanup work has been finished. By middle of the year 2000
approximately DM 6.2 billion have been invested into the rehabilitation including costs of
restructuring of Wismut and compensations for decreasing the number of employees to about
3200 at present. By June 2000 the state of rehabilitation was as follows:

Since commencement of the rehabilitation, the extent of the contaminated sites has been
substantially reduced in size and the radiological situation has significantly improved due to
reduction of emissions. For the sites and objects still awaiting rehabilitation viable concepts
are in place. Nevertheless, the experience of the previous years taught us that a schematised
transfer of conceptual plans from site to site, object to object does not provide the best return
for the money invested into the rehabilitation. The continued challenge is the optimisation of
the remedial solutions by tailoring them to the site specific conditions. Nevertheless, even
after completion of the rehabilitation some long-term tasks will remain, these include:

• Treatment of the contaminated water

• Care and maintenance of the rehabilitated land

• Care and maintenance of ancilliary installations

• Mine damage control and compensation, and

• Environmental monitoring.

Finally, it has to be stated that a successful rehabilitation requires the involvement and trust of
the local/communal decision makers and of the financial and political stakeholders in the
rehabilitation process. Only with the support of all these stakeholders can the rehabilitation of
a devastated area lead to a successful revitalisation of a region which is the ultimate aspiration
of any large scale rehabilitation.
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Underground remediation
Mine workings cleaned and
closed

Shafts and tunnels backfilled

Remediation of shallow mine
workings

Surface remediation
Demolition of plants and
structures

Waste rock dumps,
relocation and contouring

Waste rock dumps,
final covering

Backfilling
of the open pit

Tailings covering

Site decontamination

Total work
96% 1,440 km

53%

19%

1,400' 103m3

75% 14,200 m3

76% 735,000 m3

146Miom3

4.8 Mio m3

127 Mio m3

7.6 Mio m3

1,530 ha
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DISCUSSION AFTER THE PRESENTATION OF M. HAGEN

A.V. BOYTSOV (Russian Federation): You said that 13 billion DM were set aside for the
environmental remediation programme. Did you work out the cost of remediation per
kilogram of uranium produced?

M. HAGEN (Germany): Yes, and this result was similar to that for uranium mining
activities in the United States and Canada, despite the fact that during the uranium production
period no consideration was given to the ultimate need for remediation. About 3 billion of the
13 billion DM represented social costs; we had to reduce the workforce by about 35 000 and
create new jobs within a short period. The specific costs of tailings remediation are very
similar to what is being paid in the United States.
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