30 Y ears of Remediation of Uranium Mining in Saxony and
Thuringia, Germany

by Frank Lange

In the German Bundestag, a recent exhibition [1] honored German uranium mining remedia-
tion on the occasion of its 30" anniversary. The federally owned remediation company Wis-
mut GmbH provided information on the state of affairs of Europe's largest and probably also
most protracted environmental project. An occasion for reminiscence and appreciation, which
the Kirchlicher Umweltkreis Ronneburg (Church Environmental Group Ronneburg) gladly
joins and would like to specify the following main points from the point of view of those af -
fected. What influence could the remediation have on the health consequences and cata-
strophic environmental damage of uranium mining in the former German Democratic Repub-
lic (GDR)? The exhibition tried to bring the flood of technical data, figures and the complex-
ity of the topic closer to the interested visitor (still openly accessible to everyone in the online
version) with the most modern design and more or less catchy superlatives, but also important
unique selling points. No easy undertaking and the shorter and more concise, the more diffi-
cult it isto understand: one learns that 97-99% of all surface and underground facilities have
been demolished, jettisoned, backfilled, disposed of, flooded or covered to date. 5% of the
nearly 2,000 km of mine workings still in operation in 1990 and 15% of the mine dumps and
former operating areas are still in progress; 5%
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hind the figuresis the removal of enormous
radioactive contamination from the open air, buildings and waters of the uranium mining
areas. The pie charts (below) prove the positive effect on the supra-regional water pathway up
to the Elbe River and ultimately the North Sea. [3]

What has been achieved so far

Thirty years of rehabilitation should be an occasion to give the public a general overview with
technical data, achievements and extents:

Of 7.5 km? of former Wismut GmbH operating areas in Saxony and 30 km? in Thuringia,
more than 50% have returned to the use cycle of society: much reforestation and not afew
areas for commerce, photovoltaics and, ultimately, recreation have been created. It does not
always have to be a 50 hectare golf park (a prestige object near Aue), but a number of new
landscape constructions are now actually tourist highlights. The former enormous radioactive
discharges into the atmosphere, soil and rivers are (almost) history there. Whereasin 1989 at
official measuring points a uranium discharge ultimately added up to 62 tonnes as far as the
Elbe, today it is still just under 2.5 % of the initial load [3]. Unfortunately, this value will in-
crease due to the technologically and economically necessary conversion of the water treat-
ment in Konigstein.

Of the 37.5 km? of mining areas, 11.5 km? had to be rehabilitated in depth, at great expense
and with agreat deal of new scientific knowledge. Quite afew areas remain permanently un-
der mining law, which is conducive to safety and aftercare. Despite unavoidable conditions
and safety-related restrictions, local citizens' initiatives always advocate for their public acces-
sibility, which is an important incentive for remediation quality. After all, we are talking
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about the largest radioactive final storage facility in the world. The following is representative
of this:

Underground remediation - "Two of the world's largest deposits were the Schlema-Albero-
dadeposit in southwest Saxony and Ronneburg in eastern Thuringia. Huge waste
rock piles dominated the townscape until 1990. One of the primary tasks of Wis-
mut GmbH was to decommission the widely ramified mine tunnels so that they
no longer posed any danger. In 1990, there were about 500 km of these in Saxony

and almost 1,500 km in eastern Thuringia.

Illustration of the Ronneburg mine in the exhibition "Fur die Menschen, fur die Umwelt" [1].
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Due to the mining of the ore, in some cases to just below the surface, and the resulting cav-
ities, there was sometimes an acute danger to the population. In order to achieve permanent
stability, the cavities had to be largely re-explored and made accessible again. Under today's
Bad Schlemain the Ore Mountains alone, 300,000 tonnes of concrete had to be brought into
galleries near the surface via boreholes.” [1] The former mining volumes that were refilled or
partially filled during active mining amounted to 4,200 km of horizontally excavated mining
driftsin the shafts around Aue-Bad Schlema alone (of which 176 km were still open in 1990).
179 shafts and day openings (73 in Thuringiaand 106 in Saxony) have been closed. In 2021,
Wismut GmbH will now backfill the last shaft in Aue-Bad Schlema, where Europe's degpest
mine was located with a depth of up to 2,000 meters. To keep it running, 70 megawatts of
electricity would be needed around the clock, i.e. half a medium-sized power plant. In nuclear
terms, this would have been an annual requirement of almost 30 t of uranium and would have
corresponded to 5% of the mine's uranium production (1989: 585 t). And Wismut operated a
total of 6 major uranium mining and processing sites.

The strategy for remediation for the pits was the clearing and partial backfilling with subse-
guent flooding. Stopping dewatering was not enough. Each mine had long-lasting and compli-
cated specific problems with the resurgence of the waters.

A series of technical devicesfor mine water collection and treatment control the respective
flooding processes to this day. Different premises apply to each mining site, the common goal
of which is the prevention of uncontrolled and damaging spilling out of water at surface. For
several decades, mining waters undergo treatment prior to their discharge to receiving waters,
until sufficiently normal groundwater qualities are restored. Pollutants such as uranium, ra-
dium, arsenic, nickel, iron, manganese and other heavy metals are removed from the waters;
hardness formers and sulfate, however, are not - here, one relies on declining dissolution pro-
cesses through recurring natural milieu conditions and accepts additional contamination of the
receiving waters. At the Ronneburg site, this amounts to over 20,000 t/a of sulfate.
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19.5 tonnes of uranium oxide was made to the Ameri-
can company FNC [5]. A positive measure ended due
to technological reasons. In the future, tonnes of uranium-containing filter sudge must be
landfilled annually and a higher effluent concentration and quantity will be discharged to the
Elbe River (previously < 0.3 t/aU); the permit value is 1.7 t/a uranium.
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Remediation above ground - Ex.1: The Ronneburg uranium mining ar ea with the Lich-
tenberg open pit mine.

The following was found in the current public exhibition [1]:

"The contours of a man-made landscape visible from afar and a walkable pit
lamp as a viewing platform on the highest point are symbols of uranium ore
mining in Eastern Thuringiatoday after 30 years of rehabilitation. The sur-
rounding area rutted, churned and battered, that was the obvious legacy of ura-
nium ore mining around Ronneburg, the largest uranium ore deposit in Eur-
ope. A restricted zone shrouded in mystery, destroyed by reckless mining. Over 113,000
tonnes of uranium were extracted from underground here, and almost 10% of that from the
Lichtenberg open pit." At the end of its active operating life in 1976, this open pit mine,
which was the deepest in Europe at 240 m, had a volume of 160 million m? at that time. With
the end of uranium ore mining in 1990/91, work was carried out at full speed on concepts for
a simultaneous rehabilitation of the site, which underscored the urgent need for action to re-
duce environmental and health hazards at that time. "A total of twelve huge waste rock piles
were stored around the residual open pit, which in 1990 was about 2 kilometers wide and
160 meters deep, between several villages. Severa hazards resulted from the residual hole.
Numerous landslides had occurred on the slopes over the years. Radioactive components af -
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fected the air and water. Extensive scientific investigations led to a remediation concept in
which the reclamation of the waste rock deposits was linked to the remediation of the residual
open pit. In order to avoid having to collect and treat acidic seepage water at several waste
rock pilesfor decades to come, this material was therefore relocated to the open pit and thus
stored in a concentrated form at one location. Mountains were literally moved. The footprints
of al the relocated waste rock piles were decontaminated and made usable again. The 84 mil-
lion cubic meter storage space of the residual open pit was not sufficient to accommodate the
entire 133 million cubic meters of material from the waste rock piles, surface remediation,
and from the demolition of the operating facilities. The surplus material was therefore used to
build alandscape structure above the backfilled residual open pit, the highest elevation of
which bears the name " Schmirchauer Hohe" in memory of the village of Schmirchau, which
had to make way for the open pit. With awalk-in map and a pit light as a viewing platform,
this historic siteis a place to experience. The redevelopment work on the former open pit site
has been completed since 2018. A predominantly forestry after-useis planned for the land-
scaped site, which covers atotal area of 222 hectares. The site is monitored by an extensive
environmental monitoring network."[1]

Ex.2: Radioactive repositories (Photo: |AA Culmitzsch tailings deposit 2018) of uranium
processing: 110 million tonnes of radioactive tailings alone plus 55 million m3 of contami-
nated waste rock are stored not far from Ronneburg. These objects require long-term after-
care, which was recently secured until 2045. Wismut GmbH had to remediate 4 such tailings,
euphemistically called industrial settling ponds. Indeed, "A swamp, radioactive and up to

70 mdeep.” [1].

Tailings deposits Thuringia Saxony

Cul-
Name mitzsch Triinzig Helmsdorf | Dankritz I+11Y
Tailings surface area (ha) 234 115 200 27
Tailings volume (million m3) 85 19 45 6
Tailings depth (m) up to 72 30 55 23/19
Operational period 1967-1991 | 1960-1967 1958-1989 | 1955-1958
Reclamation period 1991-2028 | 1990-2013 1996-2022 | 1996-2022
Aftercare until 2045 and later, as long-term tasks remain

1 legacy site Dankritz Il has not yet been reclaimed (planned)

The original Wismut statement continues. "Work on what is probably the greatest challenge
in remediation will continue until 2028: the remediation of the industrial settlings ponds. This
iswhere the residues from the processing of the uranium ores are stored. In order to dissolve
the uranium out of the mined ore, it had to be chemically processed. To do this, the rock was
taken to processing plants, finely ground and leached with sulfuric acid or alkaline, depending
on its nature. The finely ground radioactive residues (tailings) were pumped into atotal of
four settling facilities. With atotal area of 684 hectares and 154 million cubic meters, they are
the largest deposits of their kind and are also located in densely populated regions. Strategies
and technologies for remediation did not exist anywhere in the world."



The schematic overview documents the radon emissions into the atmosphere (air pathway) by surface
and underground sources of uranium mining in the Ronneburg region in the year 1989/90 [2].
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Themost important remediation effect achieved for the population is the elimination of ra-
diation exposure in the air atmosphere. While in 1990 around Ronneburg almost 700 tera-bec-
guerels (a number with twelve zeros) per year of radon-222 gas was carried into the atmo-
sphere of the densely populated region by the mine vents, thisload component dropped to
zero by the turn of the millennium. In Saxony, the load due to mine vents decreased to alow
of 65.2 TBg/a by 2007.
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What expenditurewas and is necessary: The remediation contract of Wismut GmbH, which
has been federally owned since 1990, was endowed with the equivalent of €6.65 billion over a
rough period of 30 years. By 2018, €6.46 billion had been deployed - aimost a precision land-
ing when compared with other prestigious German projects (the new BER airport in Berlin
alone, which ultimately cost almost as much, had its costs multiplied eightfold!). By 2040, a
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further €1.36 billion is planned for closure and aftercare. The specific cost of remediation var-
ies regionally according to conditions and mining technologies. Costs incurred until 2018
were between 10,000 and 60,000 € per tonne of uranium produced. Currently, €6.8 billion has
been invested; with the total uranium mining output, the specific remediation expense to date
Is calculated to be approximately €30,000/t. The table breaks down the amount in a regional
overview. Based on the amount of 216,350 tonnes arrived or registered in the Soviet Union,
the expense devel ops to about 37,000 €/t of formerly mined uranium by 2040. In the 1980s,
the mining/production effort peaked around 400,000 GDR mark/t, which could be roughly in-
terpreted as 50,000 €/t (in total 87,000 €/t). The spot priceis currently at 61,000 €/t and fluc-
tuated in the last 3 years between 57-80,000 €/t (@ 67,000 €/t). In any case, in retrospect, the
unprofitability of the uranium mining is evident from a purely economic point of view.

Reclamation cost per tonne uranium once mined at the various sites in Saxony and Thuringia

Reclamation area Uranium Reclamation
(Tonnes) cost (€/t)
Elbsandsteingebirge (Kdnigstein) 18,000 60,000
Dresden (Gittersee, Freital) 3,700 35,000
Ore Mountains (Schlema, Pdhla) 81,200 14,000
Ronneburg 113,000 20,000
Tailings (in 4 deposits) 163,000 10,000
> Wismut (costs until 2040) 216,000 37,000
Legacy sites in Saxony 6,000 20,000
Legacy sites in Thuringia 12,200 ov
Amounts after [4] D no reclamation of legacy sites in Thuringia

What problemsremain

It isin the nature of things: radioactivity changes dimensions. And so difficult consequential

problems remain and mostly with eternity character. A selection:
Almost 16,000 miners still contracted cancer after 1990, primarily lung carcinomas,
new cases still occur today. The occupational illness recognition rate was a maximum
of 50% annually, so that many cancer deaths are not included in these statistics.
Long-term treatment of contaminated groundwater isrequired at all sites; indefinitely
at tailings!
The monitoring of the air/water path of uranium legacy sites takes place in Saxony
with aminimum effort - in Thuringia, however, not at al!
Uranium and other heavy metal contamination continues to diffusely affect aquifers
and receiving waters.
Covers are subject to temporal erosion, but also to natural forces (most recently in
2013 floods and mudslides) and rel eased radioactive substances.
Tailings covers have been criticized for years for having too little sealing and drainage
effect, and critics believe they are along-term radioactive-hydraulic problem.
Remediation of uranium mining legacy sites shut down prior to 1990 only takes place
in Saxony; in Thuringia 80 sites (3,200 ha, approx. 100 million m? contaminated mate-
rial) remain without remediation and without effective control!
Especially waste rock deposits reclaimed in situ tend to lead to renewed increase of ra-
don releases; an insufficiently solved technical problem and therefore an eternity task
at residential sites. The table below gives a percentage level of recovery of natural ra-
don radiation at major sites. The color gradation from brown-brownish to green clearly
shows the remediation success in Ronneburg and Kénigstein; Schlema-Alberoda
struggles with the heap foot discharges and Seelingstadt mainly fails due to the radon
discharge of one legacy site.
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Fictional percentage of the approach to natural background [9]

Schlema-Al-
beroda

95 % 2%

Seeling- 85 % 5%
stadt
Konigstein 94 % 94 % 94 % 100 %

Millions of tonnes of radioactive tailings were used in road and building construction

and are now reappearing decades later (often unrecognized); areal solutionisnot in

sight.

Remediated areas were privatized too quickly in some cases (subsequent contamina-

tion is unresolved).
The latter is explicitly aproblem in the area of after-use, since the obligation of the Federal
Ministry of Economics (BMWi) or the federal state to take care of after-use ends with the sale
of the land. Consequence: The reoccurrence of pollution is then negated and covered up; mea-
surements are prevented. In particular, "normal” private persons and small businesses are
technically and financially overburdened with suddenly or insidiously occurring radioactive,
but also hydraulic "incidents®. The legal-political component in this context has been repeat-
edly discussed (e.g. [7]). The lack of effective public participation as aresult of the rigorous
application of mining law has a detrimental effect on citizens and communities.

Case study of un-remediated uranium legacy: Remaining legacy sitesin otherwise reme-
diated areas prevent the achievement of regional remediation goals, namely the recovery of
the natural background radiation present without uranium mining liabilities. The negative ex-
ample of such a contaminated site is shown in the figure below.
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In the course of remediation, there is no steady improvement in radiation levelsin the sur-
rounding area, which is otherwise typical. The adjacent residential buildings are subject to an
additional load of @ 42%, the long-term radon concentration of 31 Bg/m? in the outdoor air
exceeds the normal range by 9 Bg/m?; which as an average component is an enormously high
value, to which temporary peak loads of over 300 Bg/m? correspond [8].

Conclusion: much remains to be done. F.L.
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