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Abstract

The programme for remediation of radioactively contaminated sites due to mining and milling has
two parts: (1) decommissioning and remediation programme for the Wismut sites and (2) investigation
programme for ,,old" sites.

The legal basis for decommissioning and remediation of the Wismut sites is the Regulations for
Radiological Protection and Control of the former German Democratic Republic (GDR). In the beginning the
individual projects concentrated on the elimination of hazard sources, problems of mining safety and
underground remediation including flooding of mine working areas. Now the activities have shifted more
towards surface remediation. The paper discusses"major problems, namely stabilization of tailings, prevention
of ground water contamination, backfilling of the open pit and covering of waste rock piles. The remediation
of Wismut sites will still take about 10 more years.

Investigations for ,,old" sites are carried out to arrive at general decisions on whether and for which
,,old" sites remedial measures should be considered. The results of these investigations so far show that
remedial measures may be needed for 10 - 15 % of the "old" sites and, a framework legislation is required for
the same.

1. NATIONAL CONDITIONS REQUIRING ENVIRONMENTAL
RESTORATION AND PROGRAMMES

Mining and ore processing have a long history in the regions of Saxony, Thuringia
and Saxony-Anhalt. Since the Middle Ages, ores of silver, copper, cobalt and other non-
ferrous ores have been mined and processed. Waste rock of mining, slags and other wastes
from ore processing have been dumped in the mining regions and as a result the view of
landscape is marked by countless waste heaps. The ores have often contained uranium as
mineral which remain in the residues of mining and ore processing thereby causing a
radiological hazard, in particular if these residues have been used as building material or used
for building up former mining sites. Immediately after the second World War, the former
Soviet Union started development of nuclear capability and the well-known hydrothermal
vein deposits in the part of Germany occupied by the former Soviet Union (e.g. near Aue and
other places) were exploited. In the beginning the exploitation activities were concentrated on
the then existing underground mines which were producing silver and other non-ferrous ores.

In 1946, the Soviet-owned stock company SAG Wismut was established and, as per
the post-war conditions, the activities of Wismut were not under the supervision of German
authorities. At that time there was no concern for the adverse impact on the environment and
the population arising from mining activities and hazards to the employees. At first
handselected pitchblende was recovered and the ores were then milled and uranium
concentrate (yellowcake) produced. The rich pitchblende ores and the uranium concentrate
were transported to the former Soviet Union for further processing. Simultaneously
numerous exploration works carried out resulted in new uranium ore deposits; paleozoic
schists, limestones and volcanic rocks in Eastern Thuringia (near Ronneburg), sandstone
deposits near Koenigstein and the uraniferous hard coal of the upper Permian age near
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Freital. In the 50's and 60's the uranium production was extended to these parts of the GDR,
occupying considerable land, which brought about changes in the landscape as well as the
infrastructure. A number of mines (underground and open pit mines), mills and other
facilities were in operation. Numerous waste rock piles and tailings ponds of considerable
dimension resulted.

As per regulations current at that time in the period up to the 60's many sites and
facilities were decommissioned by Wismut complying with only the regulations and
standards for mining safety. The aspects of radiological protection were not given importance
or were not observed. Subsequently these sites and facilities were transferred to other
enterprises or to communities. In 1954 the SDAG Wismut was converted into a joint Soviet-
German stock company (SDAG Wismut), with equal shares held by the former Soviet Union
and the GDR.

On the basis of a contract between the governments of the former Soviet Union and
the GDR in 1962 the SDAG Wismut was obliged to observe stringently the German
regulations, but supervision by the German authorities was possible only in exceptional cases
because of the special status (,,state within the state") of the SDAG and because of special
provisions. After the unification of Germany, the uranium production was abandoned for
economic and other reasons and, based on the Wismut Act [1] 1991 the Wismut company
was converted into a corporation (Wismut GmbH) with 100 % ownership of the Federal
Government. It is the responsibility of this corporation to decommission the mines, mills and
other facilities used by the SDAG Wismut for the uranium production and remediation of the
sites if required. The Federal Ministry for Economy in its role as a shareholder of the Wismut
corporation provides the financial resources because of lack of financial reserves with
Wismut for decommissioning and remediation. The Wismut GmbH is also responsible for a
number of underground mines and waste rock piles, two large tailings areas, one open pit
mine, a few loading sites and transportation areas with a total surface area of 34 km2 [cf.
Table I].

The residues of the earlier uranium production and other ore mining and milling are
also to be considered as a potential source of environmental contamination. The problem has
been poorly analysed in the past and an assessment of the total situation is absolutely
necessary before general decisions on remediation of the old sites can be taken. Accordingly
the programme for remediation of radioactively contaminated sites due to mining, milling
and ore processing is in two parts: remediation programme for the Wismut sites and
investigation programme for ,,old" sites not in possession of the Wismut to facilitate general
decisions on remediation of such sites.

2. LEGISLATION, REGULATIONS, POLICIES

Regulations on radiological protection and control applicable to cases of chronic
radiation exposure from past or old practices are not available at present.

As a provisional legal basis, for the decommissioning and remediation of Wismut
sites, the German Unification Treaty [2] stipulates that the regulations for radiological
protection and control of the GDR have to be applied. As a ,,planned practice" uranium
mining and milling is included in the area in which the Ordinance for Nuclear Safety and

86



Radiological Protection -VOAS - [3] is operative. The decommissioning of mining and
milling facilities and sites is the final stage of such practice and therefore this regulation is
also applied for the remediation that may be required in this process. Furthermore, the
Ordinance for Radiological Protection at Waste Rock Piles and Tailings Ponds - HAO - [4] is
still in force as per the provisions of the Unification Treaty [2]. This ordinance prescribes in
the licenses the authority responsible for the radiological protection of any activities or works
at piles and ponds which can cause radiation exposure to the public. In the process of
decommissioning and remediation the basic components of radiological protection
(justification and optimization) have to be applied for the remediation measures. Measures
are justified, if the dose limit (in the context of remediation this limit is to be interpreted as a
primary reference level) is exceeded and the disadvantages associated with the remediation
measures are more than the achievable benefits. In the next step of the decision process all
possible remediation options have to be evaluated with respect to the achievable reduction of
the risks, both radiological (individual and collective dose) and non-radiological
(conventional) risk. Economic aspects and other factors (public acceptance, plans for land
use, the necessity for further institutional control etc.) have to be taken into account in the
optimization process. In this way the optimum balance between the environmental and
economic risk and benefits may be achieved.

The former abandoned sites of uranium mining and milling and the 'old' sites of
mining and milling of ore and coal significantly mineralized with uranium are typical
examples for an intervention situation. The existing long-term radiation exposure can be
reduced only a posteriori. For such cases the Precautionary Radiological Protection Act -
StrVG - [5] must be applied. This Act prescribes comprehensive investigation and evaluation
of the radiological situation to assist general decisions on the necessity of remedial measures
and their goals. On the basis of this Act the Federal Ministry of Environment, Nature
Conservation (BMU) and Nuclear Safety instructed the Federal Office of Radiation
Protection (BfS) to implement such investigations and evaluations for the old sites in the new
Federal States of Germany. In 1991, the project ,,Registration, Investigation and Radiological
Assessment of Mining Residues (Register of Radioactively Contaminated Sites)" was started
to carry out this task. This project will be completed in 1997.

Besides the regulations mentioned above the National Commission on Radiological
Protection recommended radiological protection principles concerning the safety, the use or
release of materials, buildings, areas or dumps radioactively contaminated from uranium
mining [6], the evaluation of indoor [7] and outdoor [8] radon concentration as well as the
mining related radioactive contamination of water used for drinking purposes [9]. Applying
these recommendations a number of problems concerning the use of radioactively
contaminated areas (partly private properties) can be solved.

Furthermore the Federal Mining Act [10] and the Water Resources Act [11] must be
observed in the process of decommissioning and remediation of mines, mills, waste rock
piles and tailings ponds.

3. PROGRAMMES FOR THE REMEDIATION OF WISMUT SITES

The decommissioning and remediation programme of Wismut sites was initiated
immediatly after the transfer of the company to 100 % ownership of the Federal Government
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in 1991. Numerous problems arising in the beginning were linked to the former secrecy of
the Wismut company and to the lack of preparations for decommissioning and remediation.
While the reduction of radiological and other risks was clearly an important consideration,
socio-economic and political factors had a significant influence on the decision to take such
rapid remedial action. There was the identified need to remove the distrust of the local
population towards the SDAG Wismut and win the confidence of the public. On the other
hand there was a need to mitigate the consequences of job losses and other economic effects
arising from the termination of the uranium production which could off set to some extent by
the economic activities associated with the decommissioning and remediation programme.

The sites, piles, ponds etc. in possession of Wismut are summarized in Table 1:
Wismut GmbH Rehabilitation Units which indicates the areas covered by the sites under
consideration. Altogether, the affected area for which remedial measures had to be
considered was 34 km2.

Immediately after the closure of the mining and milling operations for uranium
production the activities were focussed on mitigating immediate risks to the public and on
investigating the radioactive contamination of the sites and evaluation of their radiological
impact. For these investigations the same methods that were developed by the BfS for the
investigations of old sites (cf. section 4) were applied. The result of these investigations, the
so-called Wismut Environmental Register is the basis for Wismut's remediation plans
including several hundred individual decommissioning and remediation measures or projects.

The important long-term radiological and environmental risk comes from the tailings
ponds and tailings management areas. The mill tailings (fine grained, water saturated and
thixotrophic materials with the specific activity up to 10 Bq Ra-226 and other radionuclides
of the uranium series of the same level without uranium) were deposited in large ponds near
the former mill sites. A total of 150 million m3 of tailings are deposited there containing
about 2 • 1015 Bq of Ra-226, about 15 000 t of uranium and large amounts of arsenic, pyrite
and additionally large amounts of chemicals from milling. The very low geomechanical
stability of the fine grained tailings is a specific problem to be solved since there is no
reasonable alternative to the in-situ stabilization and encapsulation by gradually drying and
solidifying the tailings and covering the surface. With the construction of the cover (waste
rocks, clay materials and soil) the radon exhalation of the dried tailings is also reduced.

Another problem which needs attention generally in all sites is groundwater
protection. On all mining sites, draining the mine workings has prevented significant
groundwater contamination in the past. After the closure of the mine drainage systems
groundwater will flow back to the mines and can be contaminated by coming in contact with
the uranium bearing rock. Moreover the groundwater flow characteristic changed by mining
activities as well as the contact of oxygen-rich waters with the waste rock materials used for
mine backfilling resulting in the oxidation of pyrites and the formation of sulfuric acid can
significantly influence the contamination of the groundwater.

Although the conceptual design of the mine decommissioning takes into account these
problems and tries to minimize the groundwater contamination, the waters from the mines
have to be treated over a certain period before they can be discharged into the rivers. Water
treatment is also required for the process of tailings stabilization to reduce the radioactive and
chemical contamination of free water and pore waters of the tailings ponds.



Tab. I: WISMUT GmbH Rehabilitation Units

Sites

Plant area (ha)1

Shafts

- number

Waste rock piles

- number

- surface covered (ha)

- volume (Mio m3)

Tailings

basins/management areas

- number

- surface (ha)

- volume (Mio m3)

Mine workings

- extension (km2)

- length (km)

Open pit mine

- number

- area (ha)

- volume (Mio m3)

Aue

494

9

42

345

47

1

5

0.25

55

32

Koenigstein

123

7

3

38

5

3

2

0.22

10

74

Ronneburg

1538

15

142)

460

125

2

8

0.22

73

150

1

160

69 (void)

Seelingstaedt

1281

0

5

237

51

4

670

153

0

0

Total

3480

31

64

1080

228

10

685

153.7

138

256

1

160

69

1) including WISMUT GmbH head-office
2) not placed in open pit mine

The most important measures of the complex decommissioning and remediation
process at the rehabilitation units can be described as follows:

A u e

The uranium deposit of Niederschlema/ Alberoda near Aue was mined up to a depth
of 1 800 meters. The flooding of the mine was initiated in 1990. It will take more than 8
years to inundate the underground voids of about 36 million m . The current flooding level is
at a depth of about 600 meters.
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The expected contaminant concentrations and total quantities of WISMUT effluents
usually do not allow a direct discharge into receiving streams and therefore, water treatment
will be inevitable to meet the goals derived from the Water Resources Act and from the
VOAS. The choice of the treatment procedure will take into account different types of
effluents in question (overflowing flood water, free water from the tailings pond, waste pile
seepage). In particular, the prejudging of the quality and quantity of flood waters can only be
based on a rough estimate and therefore, the most frequent problem in this context is to
design water treatment plants sufficiently flexible to accommodate large variations of
throughput and water quality.

A water treatment plant is being designed to remove uranium and arsenic from the
flood water upon reaching the surface at the end of the mine flooding and the mine water will
then be discharged into the Zwickauer Mulde river.

At the subunit Pohla, the flooding of the mine workings was terminated already in
September 1995. Mine waters flowing out at the surface are purified in a water treatment
plant. Operational procedures are being optimized.

Concerning the remediation of waste piles the preferred option is in situ remediation
for which an application for permit has been submitted.

Koenigstein

At the former Koenigstein mine, besides conventional mining, underground in situ
leaching of uranium has been applied. The leaching has chemically affected more than 55
million m3 of rock and aquifer; about 1.8 million m3 of sulphuric acid solution containing
about 1 g/{ of SO4 and more than 30 mg/d of uranium is either circulating or trapped in the
pore volume of the rock.

For the time being, investigations are conducted jointly with the licensing agencies of
Saxony to define preventive measures to be taken in order to avoid unacceptable
contamination of ground water with uranium, radium, sulphate, iron, and heavy metals
contained in waters that will flow out of the mine once the flooding is under way. In line
with stringent ground water regulations a concept has been developed that provides for the
flooding of mine voids and pore volumes in stages and simultaneous operation of a water
treatment plant. The possibility of additional chemical immobilization of contaminants in
underground rock has also been investigated. In a small sector of the underground workings,
a flooding experiment which has been in progress since 1993 provides significant input
parameters for flooding simulations and for the development and calibration of a contaminant
transport model.

The flooding of the Koenigstein mine will be conducted in a way that allows control
and protection, at any moment, the quality of the groundwater flowing in the aquifer of the
immediate vicinity of the mine.

Preparations are being made for the in situ remediation of the waste rock piles and the
small tailings ponds at the site.
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Ronneburg

In the Ronneburg mining district major mine rehabilitation goals include the safe
decommissioning of mine workings and the restoration of pre-mining hydrological
conditions without environmental impact.

Results obtained from the modelling of flooding processes in the Ronneburg area
suggest that the restoration of the water table will be completed after in about 13 years. After
consultations with the concerned approving authorities, the following preventive measures
are considered for implementation, prior to initiating the flooding process:

• backfilling hydraulically sensitive mine workings,
• shaft sealing,
• converting some tunnels into underground drains for the backfilled open pit mine,
• construction of hydraulic barriers (dams) in order to isolate parts of the mine workings

and to minimize mixing of mine waters of different qualities
• in situ treatment of acid mine drainage
• controlled collection of all contaminated waters in order to inhibit migration of

contaminants into aquifers.

At the Ronneburg site the rehabilitation of surface structures and facilities is closely
linked to mine flooding. Due to the interdependence of rehabilitation measures and
interaction of anticipated hydrogeological and hydrogeochemical processes, an optimum
solution requires a careful sequencing of waste pile rehabilitation, filling the open pit, and
mine flooding. The concept must also include the disposal of materials from the demolition
of buildings and facilities, the decontamination of plant areas, and landscaping of the
rehabilitated mine site.

Cost-benefit analyses and multi-attribute analyses were applied to determine the most
appropriate rehabilitation options for the 14 waste rock piles in the Ronneburg region. On
that basis, the choice for individual piles was either relocation into the open pit or
rehabilitation in situ. Regulatory approval granted in October 1993 allowed relocation of the
Gessenhalde heap leach pile into the open pit, an operation that yielded valuable experience
in rehabilitation technologies. In the current excavation and relocation of the Absetzerhalde
pile the sequences are controlled by the acid generating potential of the material using
optimization principles. Waste pile material in which minerals (e.g. pyrite) with acid
generating potential (AP) are dominant over the proportion of minerals (e.g. calcite) with
neutralizing potential (NP); i.e. NP<AP, are placed at the bottom of the open pit below the
anticipated water table when the flooding is complete. In that area the introduction of oxygen
is largely inhibited which cuts off any pyrite oxidation. Waste materials having
predominantly neutralizing potential, i.e. NP>AP, are fit for placement above the water table.
Once the open pit is filled, the rehabilitated former mining area will be landscaped to fit into
the natural surroundings and meet with public approval.

Optimization factors with regard to waste rock piles to be left in place and covered
include radon and contaminant control, long-term stability of the cover system, and their
ecological integration into the surrounding landscape. Field testing of a number of different
cover systems has been in progress for a couple of years.

91



Unconventional approaches to the treatment of heap seepage at all Wismut sites are
being considered. Heap seepage occurs in relatively small (but not negligible) volumes over
extended periods. For that reason, procedures using chemical technologies are not justifiable
in view of cost. On the other hand, seepage is partly not fully fit for straight discharge into
the receiving streams. Long-term treatment of heap seepage would therefore require
maintenance-free and self-regulating treatment systems. With this aim in view, the efficiency
and applicability of natural biological systems such as wetlands are currently investigated
which, if suitable, would supplant treatment facilities using chemical technologies once the
contamination peak is whittled down to low contamination levels in the feed water.

Seelingstaedt

A technical challenge of a particular kind is the rehabilitation of the tailings
management areas (TMA) of the former mills at Seelingstaed/ and Crossen involving about
150 million t of fine-grained uranium mill tailings which are up to 70 m thick and cover a
total surface area of approximately 600 ha. The major part of seepage from the tailings dams
is currently collected and returned to the tailings basins in order to inhibit contamination
spread to aquifers in the surroundings of the TMAs.

In the strategic approach to water treatment and disposal of residues the time duration
of operation of these facilities is a very important cost factor. However, it is not only the time
of operation that determines the overhead cost but also the total volume of residues. This has
to be considered in the long-term planning of rehabilitation sequences and disposal facilities
will have to be provided at the sites for residues from water treatment in the future.

Using risk analyses and considering in addition socio-economic aspects, the approach
subsequently considered as optimum rehabilitation option for those sites are:

• in situ rehabilitation including removal of water cover
• gradual covering of exposed beaches to protect them against erosion and wind-blown dust
• partial dewatering of the sludges (different wells and surcharge, respectively, in

combination with geotextile materials and drains), and
• long-term inhibition of seepage as a function of the cover layer.

Finally, the embankments and basins will be graded and landscaped, and the tailings
will be covered by a system of cover layers especially designed to reduce precipitation
infiltration and radon exhalation. Model calculations reveal that conventional geotechnical
approaches are unfit to describe settlement sequences in the tailings basin during the
dewatering period which can only be assessed using a finite strain model. Slurry dewatering
experiments using surcharge and textile drains or dewatering wells, respectively, have
demonstrated that these technologies will considerably accelerate the speed of tailings
consolidation.

The open pit mine at waste rock piles at other Wismut sites as well as the existing
tailings management areas of the former mills are locations for the intermediate storage and
disposal of radioactively and/or chemically contaminated soils, slurries, construction debris,
scrap metals, and water treatment residues which are produced by the rehabilitation of sites.
These materials are designed to be put into the tailings ponds.
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4. PROJECTS FOR THE REMEDIATION OF OLD SITES

4.1 The Federal Project for the Investigation of Old Sites

According to its legal obligations the BfS has developed the investigation
programmes and methods. The investigations are carried out by the BfS itself or by
contractors on its behalf. In view of the large number and distribution of residues and
sites under consideration, a stepwise procedure of investigation has been developed
by which non-relevant sites can be excluded as early as possible and identify those
which are fit for consideration as sources of serious environmental contamination and
radiation exposure to the public.

In the first stage of investigations 34 areas of former mining activities were defined as
"suspected areas" using information on regions where uranium ores and other ores
with above-average concentrations of uranium were mined as well as regions where
the terrestrial gamma radiation is higher in comparison with the average level. The
total area under suspense is about 1 500 km2. For these areas, all existing data relevant
to the radiological evaluation of mining residues and sites were compiled. In this way
about 8 000 mining relics of different kinds have been identified and registered in the
data bank, most of them being waste rock piles. The total area covered by the relics
amounts to about 73 km2 and the area with above-average gamma radiation is about
170 km2. Further investigations concentrated on these areas ("investigation areas").

A good amount of the registered data and information were obsolete and did not
permit a proper radiological assessment. Additional efforts to verify and complete the
registered data and information were therefore required. By field inspection the
information on the state of the structures, facilities, sites etc. were updated and the
data and information needed for the radiological assessment were checked, revised
and completed, as required. Screening measurements were included in the verification
procedure. On all sites and also the land in their surroundings not affected by mining
works local gamma dose rate measurements were carried out. Soil sampling and
measurements of radioactivity were resorted to additionally if contamination of soils
by non-gamma emitting radionuclides were expected. Following the verification
procedure, the first radiological evaluation was made on the basis of the revised data,
using simple criteria derived from recommendations of the SSK for the unrestricted
or restricted use of areas or dumps contaminated by uranium mining (cf. section 2). If
the established criteria (Fig. 1) were not exceeded the relics were classified as "non-
relevant", the others as "possibly relevant". Within the scope of the Federal Project
only the last mentioned "possibly relevant" relics and sites were investigated in
greater detail and were subjected to specifically evolved measuring programmes. The
measuring programmes provide comprehensive information about dimensions of
contaminated areas, thickness of contaminated layers, concentrations and inventory of
radioactivity, radioactivity released and spread (e.g. radioactivity in seepage waters),
relevant pathways and radiation exposure to the public. Land areas adjacent to the
relics were included in the investigations.

Till now such programmes have been carried out for the following sites which are
considered most important and relevant:
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Dittrichshuette Uranium Mining Site (DUMS):
Uranium mining site from the early 50's, abandoned in 1954. The dumped mining
wastes were graded and covered with mineral soil and subsequently used for
agricultural and forest purposes.

Aue Uranium Mill Site (AUMS):
Traditional site for ore processing, later on used for uranium milling. When the
milling was abandoned, site and plants were used for industrial purposes and for ore
processing again.

Freital Uranium Mining/Milling and Hard Coal Mining Site (FUCMS):
Traditional site for the mining of hard coal mineralized by uranium, later on coal and
wastes of coal mining and coal were processed for uranium production. When the
milling was abandoned, site and plants were used for industrial purposes (steel
works). The contamination of private properties by carelessly dumped coal ash/slag
and surface near coal seams are special features of this site.

Gottesberg Uranium Mining and Milling Site (GUMS):
Traditional site for the mining of tin, silver, bismuth and uranium, later on the site
was used for uranium milling. In addition heavy spar was mined. Uranium production
was abandoned in the 50's and the buildings of the uranium mill were demolished.
The tailings ponds and the waste rock dumps were insufficiently covered, parts of the
area were used for recreation purposes.

Johanngeorgenstadt Uranium Mining and Milling Site (JOMS):
Traditional site for silver, cobalt, bismuth, tin, pyrite, sulphur and iron mining since
the 15th century. Later on (in the 40's and 50's of this century) uranium was mined
and milled. After the abandonment of mines and mills at the end of the 50's the
buildings used for uranium production were demolished, the tailings ponds were used
for rubbish dumping. Up to now only few waste rock piles have been graded and
covered.

Hettstedt Copper Ore Processing Site (HOPS):
Traditional site for mining and smelting of copper ore mineralized by uranium. The
mining and smelting of copper ore were abandoned. The smelting process and
deposited wastes have caused contamination of soils in the surroundings of smelteries
by dusts containing Pb-210 and Po-210 and spread by wind.

The kind and scope of measurements are established specifically for each site (cf.
Tab. II) taking into account results and experience from pilot studies carried out
before 1992 at typical sites (abandoned uranium mining and milling site and a site of
copper smeltery).
For all other investigation areas the programmes are going on and shall be finished in
1997.

Estimating the contribution to the outdoor radon level from the exhalation of mining
residues is a basic problem. That is why investigations were carried out within the
scope of the Federal Project. Radon measurements were carried out at 480 points (on
or adjacent to mining sites and affected grounds as well as at greater distance from
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Residues/
Sites

Q2 =

DR representativ
DR geogenic

DRmax
300 nSv/h

Q,>2

no

yes

Q 2 > 1

no

yes

D > 10 cm

no

yes

Category 2
"possibly
relevant"

V>10 5m 3

F > 1 ha

no

yes
Category 2 a

"possibly relevant
because of size"

D: Cover, V: Volume, F: Area
DR:Dose rate

Category 1
"not relevanf

Figure 1: Classification after Verification

them) using diffusion chambers equipped with solid state nuclear track detectors. The
period of exposure was about 6 months (spring/summer and autumn/winter). Generic
criteria (Fig. 2) have been developed for radiological evaluation of the investigation
results for this part of the project, too. They are based on a primary reference level of
the effective dose (1 mSv/a) from mining relics in addition to that of the regional
background and based on other recommendations by the National Commission for the
restricted and unrestricted use of radioactively contaminated sites (cf. Section 2).

The results of the investigations led to the conclusion that old mining activities and
their relics did not cause wide-spread radioactive contamination of the environment.
Usually a significant radioactive contamination has to be assigned only to limited land
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O Tab. II: Scope of Investigations

Investigation

Investigated area (km2)

Number of objects

Number of gamma-dose rate
measurements

Number of ram drills/rail drill samples

Measurement of the soil air radon
concentration

Sampling and radionuclide
measurements of

'• soil

water (seepage
waters included)

sediment
IV" plants

building material
V L dust

Samples from the sewerage
system

Assessment of the ground-water
hydraulics

Number of points for outdoor
radon measurements

DUMS

2,4

91

7450

90/311

-

43

50

21

20

-

-

15

AUMS

0,78

11

5900

132/346

-

54

35

12

24

40

10

yes

36

FUCMS

30

160

45500

840/1200

180

340

80

30

90

50

10

yes

40

GUMS

4,6

91

15700

530/900

-

120

80

40

25

-

yes

8

JUMS

18

403

35000

600/1100

60

150

45

30

110

20

-

yes

58

HOPS

35

347

5525

24/165

-

2950

159

32

119

15

-

-

46



Category
2 /2a

1

r

< 0.2 Bq/g

no

2

r

>1 Bq/g

no

3

t

F>104m2

no

4

r

V>105m3

no

5

r

Recommendation
of SSK are not

observed
no

r

Residues / Sites
Restricted Use

yes

yes

yes

yes

yes

Residues / Sites
Unrestricted Use

Relevant Residues
or Sites;

Site specific
Investigation

Fig. 2: Classification after Measurement Programmes

areas where waste material of mining and milling were dumped or materials were not
removed in the process of former decommissioning. The highest radioactive
contaminations were found at sites where uranium ores were milled and copper ores
were smelted and where the waste from these processes (mill tailings, sludges and
slags from copper ore smelting) were dumped, in ponds or piles. Although many
tailings ponds and other dumps were stabilized and covered in the past they have to be
considered as sources of hazard. The reason for this is that only the standards of
mining safety have been observed in the past and the conditions are not found to be in
accordance with the present standards for radiological protection and environmental
safety.

Only in limited areas around sites of old copper smelteries concentrations of Pb-210
and Po-210 above the normal natural level have been found, but they do not create a
serious radiation exposure problem.
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The initial radiological assessment of relics and sites resulted in about 60 % of them
are „non-relevant". Within the scope of the current Federal project, only the
remaining relics and sites classified as ,,possibly relevant" were investigated in greater
detail. The results of such investigations available up to now make clear that remedial
measures are necessary for 10 - 15 % of the relics and sites within the ,,suspected
areas" and restrictions on use for reasons of radiological protection should be
observed for 20 to 25 % of the sites and relics. Outside these areas the number of both
groups of relevant relics and sites is much smaller.

As mentioned earlier there are no regulations in Germany applicable to chronic
radiation exposure from old or past practices. The above mentioned StrVG (cf.
section 2) prescribes only the investigations of the environmental radioactivity to
identify situations requiring intervention measures. But this law authorizes the BMU
to enact regulations as a legal basis for remedial actions. The problems associated
with regulations concerning sites of old or past mining activities (criteria for decision
making, responsibilities, financing etc.) are currently under discussion. Nevertheless
on some old sites remedial measures are already under way. That is because the
owners intend to use such sites for industrial or other purposes. On the basis of the
HAO (cf. section 2) a licence from the authority responsible for radiological
protection is required if the specific activity of the materials on the site of interest
exceeds the level of 0.2 Bq/g Ra-226. In most cases remedial measures have to be
taken before the owner gets the licence and can use the site. Examples are given in the
following section.

4.2 Remedial measures on old sites

Saxony:

In Saxony not only the lack of regulations but also unclarified distribution of property
and responsibility is obstructing systematic remediation of old sites. Nevertheless in
Saxony preparations are under way in a few old sites formerly used for uranium
milling, partly individual projects are carried out.

Dresden-Coschiitz:
The tailings management area is cleaned up (the materials are removed). In early
1996 the demolition of the buildings of the former mill began. The intention is to
restore the site and to make it usable as an industrial area without any restrictions.
Investigations are carried out for two tailings ponds belonging to this mill site.
Planning for their remediation will be completed by the end of 1996.

Lengenfeld:
Remedial measures are planned. The intention is to remedy the tailings pond in situ.
In the past waste (sand) from spar production (spar was mined and processed on this
site after the uranium milling was abandoned) was dumped on the tailings and can be
useful as a first cover. Before the final covering the residues of radioactively
contaminated materials from the mill land area and tailings management area will be
removed and deposited on the tailings pond.
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Johanngeorgenstadt:

Waste rock piles and two tailings ponds are under consideration. In the past some
waste rock dumps were remedied. They have been graded, covered, with ^ o n -
radioactive" gravel, sand or soil and have been reafforested. One of the tailings ponds
is used for rubbish dumping. This cannot be continued any further for legal reasons
and for reasons of radiological protection as well. The other pond is provisionally
covered. The design for the final remediation of the ponds is under way. The option
preferred is in situ remediation. Measures to balance the groundwater flowing in and
flowing off the ponds are already carried out.

Schlema:
Remedial measures have been carried out for a former tailings management area since
the owner (Schlema municipality) intended to use this area as a car park after
remediation. This remediation project was planned and carried out by the
municipality, approved and supervised by Saxon authorities. The tailings (dry
materials) were covered (,,sealed") to prevent external exposure, erosion and the
spreading of radioactively contaminated materials as well as the infiltration of water
and the leaching of contaminants. The exhalation of radon is also reduced by that.

Saxony-Anhalt:

At present in the Mansfeld region (Saxony-Anhalt) remedial measures are planned for
sites of the abandoned copper production (smelter sites), above all for the dumps of
sludges from waste gases cleaning (,,Theisenschlamme"). This waste not only
contains high concentrations of heavy metals and other hazardous materials but also
high concentrations of radionuclides (Pb-210, Po-210 up to 20 Bq/g). First measures
have been initiated, such as removing the dumped materials from separate sites and
putting them together in one deposit. There the materials are provisionally covered to
prevent wind erosion and spreading while the final confinement will be designed.

In addition remedial measures are under way for some slag/ash heaps which are inside
residential areas and are of particular public interest.

The representative gamma dose rate level for these piles is above 1000 nSv/h without
exception, the maximum figure being about 7000 nSv/h. In the last mentioned case
immediatly after the observation of this dose rate level the pile was fenced off for the
time being to prevent the radiation exposure of children using this heap as a
playground and to gain time for the decision on the best solution for remediation.

In the other cases depending on the intended future use the heaps were graded and
covered with gravel, sand, soil or asphalt surface to reduce gamma radiation. Because
of the specific properties of copper slag, measures to reduce radon exhalation and
leaching are not required.

5. CONCLUSIONS AND OUTLOOK

The remediation of Wismut sites will still take about 10 years. The estimation for the
overall project of Wismut rehabilitation currently amounts to roughly DM 13 billion ($ 8
billion). This level of expenditure is a part of Wismut's business plan and is approved by the
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German parliament. The size of the annual budget for remediation depends on certain factors,
above all on the remediation projects approved by the authorities and on the changes in costs.
In the beginning the individual remediation projects have concentrated on the elimination of
hazard sources and on problems of mining safety, underground remediation including
clearing and flooding of mine workings as well- as on conceptional work, planning and pilot
projects.

Underground remediation will be completed in the years to come, planning works and
the design of several hundreds of individual projects for surface remediation are in progress,
they have partly been approved by the authorities and main emphasis of the Wismut activities
is shifted more towards surface remedial actions. The biggest project in the next few years
will be the backfilling of the open pit mine at Ronneburg associated with the relocation of the
Absetzerhalde and some other piles of this site.

Comprehensive investigations and evaluations of the mining areas in Saxony,
Thuringia and Saxony-Anhalt will be terminated in 1997. The results of the investigations so
far have given valuable information on the extent of radioactive contamination. This can be
used for decisions on the remediation and restrictions on the further use of sites and for
regional planning, too.

Remedial actions have to be considered also for numerous relics and sites outside the
responsibility of Wismut. Such relics and sites are not limited to the new Federal States of
Germany only. Hence a uniform legal basis has to be established for remedial actions on all
sites that must be considered as sources of chronic radiation exposure. The approaches for the
important elements of the decision process - justification and optimization - have to be
included in the regulations. Intensive discussions are in progress to prepare such regulations.
They have to be finalized as soon as possible.

That is why in 1996 the European Safety Standards have been passed and within a
few years these Standards have to be integrated into the national system of radiological
protection and control.
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