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Thirty Years of Post-Mining Management in France: Lessons Learned and
Long-Term Vision
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2 BRGM, 3 Avenue Claude-Guillemin, 45060 Orléans, France
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Abstract

On 4 October 1996, a major ground collapse occurred in a closed iron mine underlying the municipality of Auboué in
eastern France, causing severe structural damages to numerous buildings. This event led to the urgent evacuation of
approximately 150 families and marked the beginning of active and operational post-mining management in France, on
legal, technical, scientific and social basis.

For nearly thirty years, the national authorities have implemented an operational strategy throughout the territory to
both identify, classify and mitigate risks associated with thousands of former mining sites, including those presenting
higher risks. In fact, actions have been prioritized over time to ensure an effective and systematic response.

During the first years, the primary focus was on managing subsidence and ground collapse risks in the iron mining basin
of Lorraine, which affected more than 130 municipalities covering an underground mining area of 1,700 km?
Subsequently, these efforts were extended to the entire country. As time progressed, additional types of hazards emerged,
requiring the authorities to establish a hierarchy of risky sites, conduct expertise, and secure prioritised sites. These
hazards included collapse of old shafts, gas emissions, water table rebound, pollution from waste deposits, mining water
pollution and unauthorised intrusions into open mining structures.

Incidents and accidents have continued to occur, some of which were already expected while others were not. This
constantly re-examines the way risks are anticipated and managed.

The accumulated experience across a wide range of sites and issues has enabled the Frenck government, with a specific
organisation and the support of around 150 dedicated professionals, to ensure the long-term management of post-mining
challenges. Nowadays, special attention is given to the major potash, coal and iron mining basins, where phenomena
such as rising water levels, ground collapses, and gas emissions remain evolving and require ongoing monitoring and
intervention.

The authors provide a review of this experience-based feedback, as well as future perspectives for management in light
of scientific and technical progress related to complex phenomena.

Keywords: Hazard, Risk, Environment, Mining, Post-Mining

1. Introduction

France was a major mining country for several centuries. Many substances were mined, as shown in the
map in Figure 1. Mining operations gradually ceased as deposits were exhausted under economically viable
conditions. Large-scale coal, iron and potash mining ceased definitively in the 1990s and 2000s. The only
significant underground mine currently in operation, in metropolitan France, is a salt mine in the Grand-Est
region.

Mining regulations had anticipated how to close mines safely with a process allowing mining operators to
permanently relinquish their concessions. However, the technical requirements were not sufficiently stringent
to guarantee the long-term safety of the sites and the protection of the environment. Environmental
sensitivities and regulations in the 1960s were not the same as they are today.

* Hafid BAROUDI Tel. +33 3 44 55 66 77
Hafid.baroudi@ineris.fr
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Figurel : Main locations of former mines in France (GEODERIS data)

When the first collapse occurred in 1996 in the Lorraine iron ore basin, causing significant damage to
houses and threatening people's safety, the mining experts, the authorities and the public were taken by
surprise. Emergency assessments identified the existence of numerous mining works directly above densely
populated villages and towns. This triggering event led to the gradual organisation of a post-mining
management system (Foucher et al, 2012) and the identification of all the problems likely to arise during
closure (Didier, 2009).

In this article, we will present feedback on 30 years of post-mining management in France. We will present
the experience gained in large mining basins (iron, coal, potash) and then in other mines.

2. Closure of Lorraine iron mines: the origin of post-mining in France

The Lorraine iron ore basin was mined for over a century until 1997. Over an area of 1,700 km?, 3.1 billion
tonnes of iron ore (1.2 billion m®) were extracted, leaving multiple cavities (including 40,000 km of mine
galleries) wherever the mines were not deliberately collapsed, including under urbanised areas. Mining
operations were carried out using the room-and-pillar method at shallow depths ranging from near-surface
levels down to about 300 m, sometimes in multiple seams.

The problems that arose from 1996 onwards, particularly in the municipalities of Auboué (Figure 2),
Moutiers, Roncourt and Moyeuvre-Grande, led the French government to gradually take over from the mining
operator by putting in place legal, financial and expertise resources with the aim of managing the post-mining
period. This marked the beginning of post-mining management in France.
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Figure 2 : (a) Damage caused by subsidence in Auboué (1996), (b) Collapse in Moyeuvre (2012)

In order to carry out the necessary emergency assessments and enable local authorities to manage the risks,
a team of experts was specifically commissioned to work on site. Then, in 2001, a team of experts was gathered
within GEODERIS (a public interest group made up of the public bodies BRGM and INERIS), with a staff of
more than 20 specialists and experts.

The assessments, which took into account past and more recent collapses (INERIS-a, 2002), (INERIS-b,
2002), made it possible to clearly distinguish between areas recognised as stable in the long term and those
subject to a risk of ground movement. These areas are classified according to the type of expected hazards as
follows:

- sudden collapse: sudden rupture, within a few minutes, of mine pillars, and geological
overburden;

- sinkholes: sudden but localised appearance of a "funnel" resulting from the gradual collapse of
the roof of a shallow mining cavity;

- gradual subsidence: large-scale vertical movement, which in some cases can cause significant
damage to buildings, but which occurs gradually over several days or months and can be
monitored effectively;

- residual movements: a hazard characterised by a residual ground settlement.

The analysis of these unstable areas has led to the production of a detailed hazard map (Figure 3). This map
can then be used to make decisions regarding urban planning and monitoring. The nature of the monitoring
depends on the nature of the movement and the vulnerability of the buildings on the surface. Thus, in the most
sensitive subsidence areas, a microseismic monitoring system has been set up to detect the precursors of
possible collapse, anticipate surface damage and protect people (Senfaute et al., 2000).

In urbanised areas at risk of sinkhole formation (Delaunay et al, 2025), extensive backfilling works have
been carried out to restore ground stability and eliminate residual hazard. Some areas remain under periodic
inspections.

Mine-induced ground movements studies were carried out in successive stages over a period of around 20
years, ranging from detailed analysis of archives to thorough crossed-analysis of mining works and geological
setting of the overburden, whether favourable or not to a brutal major failure. Those focused on analysing the
expected kinetics of mine induced subsidence in each area, assessing the rates of collapse from underground
mine pillars up to the surface (Hosni and al, 2015), (Delaunay and al, 2021). Research is continuing, benefiting
from developments in 3D numerical modelling with very high resolution of stress fields and failure
mechanisms, as well as in the field of artificial intelligence to reanalyse data (more than 1,000 areas) and
develop meta-models. The aim is to manage risks over the very long term, in a context where most ancient
underground mines are inaccessible, precluding the possibility of acquiring further observational or
investigative data.

In parallel with the management of ground movement risks, mine gas emissions were measured in the
subsoil of several residential buildings close to a shallow gallery. This gas shows an strongly air enriched in
CO2 and depleted in O2. This finding led to the development of a methodology for identifying areas likely to
present risks and mapping "mine gas" hazards (INERIS, 2016). These areas are mainly located above mine
openings and shallows voids (not flooded) where the configuration of the mine is conducive to gas migration
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to the surface, particularly near homes. Extensive investigations are underway to understand the complex
physico-chemical mechanisms and the gas intraseasonal flows involved before implementing long-term and
costly mitigation solutions.

|:| Progressive subsidence

Sink hole

:I Sink hole (low hazard)
|:‘ Sink hole (medium hazard)
Sinkhole (high hazard)
@ Sudden collapse

Figure 3 : Extract from the hazardous ground movement map for the town of Ottange (Source GEODERIS)

3. Closure of large coal mining basins: ongoing issues

After the Second World War, in 1946, all coal mining operations were consolidated into a single national
company, Charbonnages de France, in charge of operating the five major coal basins to supply energy for the
postwar reconstruction.

The Loire coalfield is located in the Saint-Etienne metropolitan area, underlying urbanised areas. It was
mined industrially from the early 19th century until 1993, when the last discoveries (open-cast mines) were
closed. During its operation, approximately 500 million tonnes of coal were extracted, mainly underground.

The Lorraine coalfield, located in the north of the Moselle department, extends on both sides of the French-
German border. Although mining began in the Saarland part of Germany, the Lorraine coalfield only really
developed from the mid-19th century onwards. Coal production, exclusively underground, took place in 58
pits sunk between 1818 and 1987. More than 800 million tonnes of coal were extracted until the mine closed
definitely in 2004.

The Nord-Pas-de-Calais coalfield is the largest in France, covering an area of approximately 1,200 km?
spread. It corresponds to the western part of a deposit that extends into Belgium. Intensively mined
underground between the end of the 17th century and the end of the 20th century (1990) through a total of
around 800 shafts, it is generally estimated that 2 billion tonnes of coal were extracted there.

Also the Gard coalfield, known as the "Cévennes coalfield", was mined industrially between the end of the
18th century and 2001. The Provence coalfield, often referred to as the "Gardanne coalfield” exploited
industrially from the 19th century until the beginning of the 21st century (2003), almost exclusively
underground via some fifty shafts and more than 800 descenderies.

When the last mine closed, the government transferred operational management of the Charbonnages de
France sites to the BRGM within a special department (DPSM), with around 100 dedicated staff. Numerous
residual post-mining issues have been identified and are currently being managed.

Underground coal mining has progressively created subsidence basins in which runoff water accumulates.
To mitigate flood risks, around sixty wastewater and stormwater lifting stations, as well as pumping stations,
have been installed, with long-term operational management implemented across many territories.

In the Nord—Pas-de-Calais basin, these facilities ensure the protection of approximately 6,000 ha of flood-
prone areas resulting from mining activity and require an annual energy consumption exceeding 5 million kWh
(2024). Pumping systems and the development of mine water overflow points have also been implemented in
certain basins to manage both flood and pollution risks. The collected water is subsequently treated before
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being discharged into the natural environment (example shown in Figure 4) (Jacob and al., 2023; Battaglia-
Brunet, 2023).

7 w
pompage - 7. L "
. 3

Station dg & 72, 7
€S N
),,,;__
3 N o 508
f 7> QQQJ / .)4_. '

S/ P

/
F
A

y
" L2
r

Y

~ N
)

N

Figure 4 : Water pumping and treatment station in the Lorraine coal basin (source: BRGM/DPSM)

In Lorraine coal basins, the rise in water levels following the cessation of mining and closure was also
problematic, with the risk of flooding many urbanized districts (Corbel et al, 2017). Extensive hydrogeological
investigations and modelling were required to design a optimal network of pumping wells aimed at maintaining
a low groundwater level, with an associated piezometric monitoring network to control the water rebound.

Mine gas is also a concern, with emissions occurring when water rises. Around 200 outlets are monitored,
as well as some mine gas transport networks (Défossez et al, 2013), (Dheilly et al, 2017). Management of this
residual risk has not been stabilised in the large Nord-Pas-de-Calais basin, as the rise in water levels is very
slow and will continue for several decades.

It should be noted that for methane emissions, beyond the "safety" aspect managed to date, in 2024,
European regulations (Regulation EU 2024/1787) on greenhouse gas emissions, , Member States are expected
to establish an inventory of methane emissions from former underground coal mining sites on their territory
(Article 24 of Regulation EU 2024/1787). For each site concerned, the inventory lists the sources of so-called
"point" emissions, mining shafts, ventilation shafts, unused ventilation ducts, and unused gas collection shafts,
in the form of a direct measurement at source or a quantification, with a view to monitoring them if emissions
exceed 0.5 tCH4/year (INERIS, 2025). In this context, the government has undertaken significant
methodological and inventory work to identify the sites that need to be equipped with instruments to meet
regulatory requirements.

With regard to coal spoil heaps, an initial inventory identified approximately 2,100 coal spoil heaps
(stripping products, fine wash residues, etc.). Some heaps present a risk of overheating and are monitored
continuously.

As for ground movement, the problem is less acute for deep mining operations in large basins than for iron
mines. There are still a few areas at risk of subsidence and collapse, as well as many areas in the Loire basin
at risk of sinkholes. However, the risk of mine shaft head collapse in urbanised areas remains a concern. Around
2,000 mine shaft head have been identified in the Loire basin and 800 in the Nord-Pas-de-Calais basin. The
vast majority of these shafts are not marked on the ground. This poses a real risk to existing buildings, and
collapses have occurred, causing damage to buildings. The challenge today is to prioritise these unmarked
shafts and locate them using appropriate means. Numerous geophysical tests have been conducted and, despite
technological advances, the results have not been satisfactory, mainly due to various interferences in urban
areas. Research is continuing in order to find solutions.
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4. Closure of the potash basin mines: an unsuccessful conversion

The industrial exploitation of the Alsace potash basin in eastern France began in 1910. In total, 570 million
tons of ore were extracted through 11 mines and 24 shafts. The potassium chloride produced was mainly used
in the manufacture of fertilizers. Resource depletion, technical difficulties, and international competition led
to the gradual closure of the sites starting in the 1980s.

In 1999, the StocaMine site, located in a specific sector of the historic mine, was created to store hazardous
waste in the former underground galleries. A total of 44 kt of waste was stored there. On September 10, 2002,
an accidental fire started deep within the storage facility. Toxic fumes spread to the last active mining sector,
causing the immediate and permanent shutdown of potash extraction in Alsace. Today, two shafts remained
open. Some of the most hazardous wastes—depending on the scenarios studied—has been removed from the
site, and closure operations are currently underway (Gombert et al., 2025). These operations involve installing
watertight plugs in the access galleries and backfilling the voids around the remaining waste, in order to prevent
water pollution in the future. The last two shafts will then be sealed to limit groundwater inflow as much as
possible.

For nearly a century, the massive extraction of ore generated large quantities of saline residues, initially
stored in spoil heaps before later being discharged as brine (Noyer et al, 2014). This historical management
led to major saline pollution of the Alsatian aquifer, one of the largest freshwater reserves in Europe. To address
this damage, remediation and monitoring strategies have been implemented, including pumping saline water
from the affected aquifer and dissolving and sealing the former spoil heaps.

5. Risk management for former metal mines
5.1.  Ground movements

Following the collapses in the iron basin, once the dedicated teams of experts had been set up as described
above, the Ministry responsible for mines launched an operation to inventory mining hazards, specifically
"ground movements", throughout the country.

After developing a methodology and compiling documentary information, fieldwork was undertaken at
sites considered relevant. All sites were then ranked according to potential risk criteria in order of priority for
study from P1 to P6. During the first 10 years, 171 sites with priority levels P1 to P3 were studied and detailed
hazard maps were produced. Next, the 25 sites with priority level P4 were studied, and the 218 other sites with
priority levels P5 and P6 are currently being studied.

Next, for each ground movement hazard zone, the hazard and surface issues are cross-referenced. All sites
affected by potential risk zones are then analysed to confirm and assess the risk. The risk studies consist of
determining the conditions of the mine voids in each zone and identification of surface assets. This is done by
visual observation of the cavities when the site is accessible from below or by drilling from the surface. Laser
measurements are used to examine and measure the cavities from the surface, and sonar measurements are
used when water is present in the underground works.

Once the risk has been confirmed (presence of proven voids at shallow depths and surface assets), it is then
assessed. If the risk is medium to high, risk management is recommended, either by eliminating the hazard by
filling the mining voids or by eliminating the surface issues (expropriation of houses). If the risk is considered
imminent, visual monitoring is generally put in place to assess the evolution of the deterioration of the mining
cavity roof.

5.2.  The issue of mining waste

As priority management of the issue of ground movements progressed, particularly in the iron ore basin,
mining waste became a new concern, since teams began working on former polymetallic mining sites. After
the initial emergency response and safety measures, a comprehensive and exhaustive inventory of all mining
waste deposits (polymetallic mines) began in 2006, in accordance with the Mining Waste Directive (DDIE
2006/21/EC) (Baranger and al, 2016), (Chapon et al, 2023).

A comprehensive methodology was developed for this inventory and prioritisation process. Overall, it
involves cross-referencing the parameters of each deposit (substances, sizes, etc.) with the surrounding assets
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and uses (population and environment), based on a scoring method classifying sites into five main categories
for "population-environment impact" (Table 1) and three categories for "stability".

Table 1: Mining waste sites — risk class characteristics

Class characteristics

Area likely to pose a significant risk to the environment and human health, requiring urgent
detailed environmental assessment if this has not already been carried out. Management
measures are to be considered, the scope of which is to be refined following the environmental
assessment.

Area likely to pose a significant risk to the environment and human health and requiring a
detailed environmental study to assess the potential severity.

Area likely to pose a risk to the environment without constituting a serious identified risk
based on the available data. A screening study (C+: priority, C-: non-priority) is necessary to

assess the potential level of risk and establish a reclassification to B (or A) or D (or E).
c-
Area that does not pose a risk to the environment but, as some deposits may be close to
B residential areas, it is necessary to flag it as a hazard for long-term risk management.
A Area posing no significant risk to the environment or human health. It does not require any
particular monitoring or study.

The field inventory operation then mobilised several teams across the entire metropolitan territory for
approximately two years. It identified more than 2,100 deposits, which were grouped into 233 homogenous
sectors. Figure 5 shows the classification for these sectors.

Following this DDIE inventory and environmental classification, several types of studies are planned:

Detailed environmental and health study / IEM: this type of study is based on one of the
approaches developed as part of the national policy for the management of polluted sites and soils
by the Ministry of the Environment. This approach is based in particular on the development of a
conceptual model and on the Interpretation of the State of the Environment (IEM). These studies
concern classes E and D;

Environmental audit: a specific environmental study focused on a very specific issue and less
comprehensive than an IEM study;

Orientation study: this type of study concerns sectors with no known operator, pre-classified as
C+ or C-. The purpose of this study is to collect information to supplement that already acquired
as part of the DDIE inventory in order to decide on a possible reclassification of the sector.

"House on deposits" study: this type of study is intended to assess the health risks to the occupants
of one or more dwellings located on a former mining deposit;

Stability assessment: simplified geotechnical diagnosis to assess the risk of instability of the
deposits responsible for classifying an area as III (the most unfavourable classification in terms
of geotechnical stability).
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Figure 5 : Classification of the 233 sectors based on environmental and health criteria
(Source: GEODERIS)

The completion of all priority studies took around ten years. Detailed environmental investigations were
conducted to characterise the different environments, enabling health risks to be assessed. Exhaustive
fieldwork led to the reclassification of Class C sites, with many sites in this class ultimately undergoing
detailed IEM-type studies.

At certain priority sites that have an impact on the environment, safety measures are being implemented,
in particular appropriate water management and treatment prior to discharge (Figure 6). Particular attention is
being paid to taking into account intense rainfall events in order to prevent instability, erosion and the
uncontrolled release of residues containing metals and contaminated water into the environment

Figure 6 : Management of the tailings dams at the former Salsigne gold mine

4. Conclusion

The management of post-mining consequences in France is handled by the State with the support of an
effective operational and technical organisation in the field, which has proven its worth over the last 30 years
(Lebot et al, 2026). Around 150 people are dedicated to this activity, with different skills, and a budget of
around €30 million per year (reference 2025). The operational, scientific and technical feedback gathered over
these 30 years clearly shows that we are facing a long-term global management issue. This management is also
guided by the ongoing definition of priorities in line with the relatively substantial budgets allocated for this
purpose.

Water collection, pumping stations and water treatment are systems that must inevitably be maintained in
the long term. This represents a significant cost within the post-mining management system.
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With regard to the issue of ground movement, future challenges will involve updating hazard maps
following the ground movements that occur regularly in given areas. But it will also be necessary to anticipate
recurring questions about areas with significant hazards where no major events (ground movement) have
occurred. This is the case, for example, in the Lorraine iron basin, which has more than 1,000 sensitive areas
covering approximately 130 municipalities. Scientific research, based on advances in numerical modelling,
artificial intelligence and new knowledge in rock mechanics, is being conducted to help answer these questions.

Old open structures, shafts and galleries, estimated at more than 40,000 in France, present an insidious risk
that is difficult to control given their number and nature. In 2007, there were two fatal accidents following rock
falls during an intrusion into open galleries. Furthermore, securing these structures is hampered by
environmental considerations, as the old galleries have provided a habitat for protected wildlife (mainly bats).

Gas emissions from old structures, as well as from cracks in the ground, are sometimes difficult to control,
involving complex phenomena. In some closed coalfields, it can take several decades for the water to rise, and
in such cases, the gas that rises through the voids remains difficult to control and requires constant monitoring.

The management of mining waste sites is under control following the comprehensive inventory that was
carried out. Safety measures for the priority sites are being implemented over time, given the scale of the work
required. Monitoring also contributes to better control and to feedback from experience.

Over the past three decades, post-mining management in France has led to significant advances in the
understanding and control of the associated technical challenges. However, given the diversity of sites and the
phenomena identified, unexpected problems and unpredictable events still occur. Sites are evolving (aging of
structures, water movements, etc.), and site redevelopment, urbanization, and climate change are all factors
that require continuous vigilance in the management of post-mining activities and the associated risks.
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Abstract

France's long history of mining, with more than 4,000 mining permits, led to the development of a specific risk
management policy in the late 1990s. To date, more than 250 risk assessment studies have been conducted to
evaluate the impact of abandoned mines on infrastructure and land use planning. 80% of identified risk areas
are affected by sinkholes, with over 4,000 cases reported and around ten new cases appearing each year.

The assessment of the predisposition to sinkhole formation on former mining sites is based on expert judgement
taking into account various criteria and data on previous sinkholes. Discussions have been underway to
improve and modernise these methods in France. The European SIRIMA project focuses on the development
of quantitative prediction tools, in particular probabilistic models and machine learning. A comprehensive
database and a web map to document sinkholes in the project's partner countries: France, Germany and
Poland. This work has revealed that it is difficult to complete all the data due to the age and loss of information.
The information collected will be used to analyse the conditions under which sinkholes occur in order to better
manage this risk in the future in coal-mining regions in transition, particularly in France.

Keywords: Post-mining, sinkhole, hazards, prediction, risk management, SIRIMA

1. Introduction

Like many other European countries, France has a long-held mining tradition. In French territory, the
earliest evidence of underground mineral resource dates back to the Neolithic age. The exploitation continued
over the centuries. These were small artisanal exploitations. However, it was the industrial revolution (17th -
18th centuries) that constituted the decisive impetus in the rise of French mining activity. It was the birth of
the major mining basins.).

Mining activity continued to flourish in France during the first half of Twentieth century, mainly because
of the two world wars. In the aftermath of the Second World War, the national effort undertaken for the
reconstruction of the country and the reduction of French energy dependence facilitated the revival of mining
activity. The production of coal and lignite increased rapidly to 60 million tons in 1958, a record year. Different
economic factors, the development of use of hydrocarbons in energy production, competition from other
countries and the depletion of certain deposits have gradually generated the decline of French mining activity.
Initiated in the early 1960s for coal and iron and in the early 1980s for the exploitation of other substances,
this decline has accelerated since the early 1990s. Coal exploitation stopped in 2004.

The French post-mining is a wide story; there were more than 4,000 “mining titles” in mainland France.
Many substances were exploited: coal, iron, aluminum, uranium, salt, potash, gold, silver, and a lot of other
metals. There are many coal mines throughout the territory, some of them are very old (Figure 1).
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At the end of the 1990s, a series of major ground movements (subsidence, sinkhole, massive collapse)
occurred in the Lorraine iron ore basin, affecting safety for persons and property in some cases. After these
events, France developed a mining risk management policy and implemented various tools to first make sure
that the right expertise and research was in place, then followed that with operational tasks.

The first step was the adoption of the law of March the 30th 1999. The main points of the law are:

e Extension of the mining operator's liability in terms of time and space. This liability is taken over
by the State at the end of the operation or upon the disappearance of the mining operator.

e Implementation of monitoring if mining risks persist and are not addressed.

e Creation of administrative tools to manage land use in mining areas exposed to risk: Mining Risk
Prevention Plans (PPRM).

e Possibility for the State to expropriate property exposed to mining risk.

Currently, administrative and sovereign control is managed by the Ministry for the Ecological and Inclusive
Transition and its Regional Division (DREAL). Mining expertise is carried out by an independent entity,
GEODERIS, a French "Public Interest Group" between BRGM and Ineris. BRGM's Department of Prevention
and Mine Safety is responsible for safety and operational management of facilities and safety equipment. Ineris
and BRGM belong to the Scientific and technical network.
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Figure 1: Location of Mines in France

In France, all old mines are being studied. The aim is for each phenomenon, to delimit areas where hazards
exist and assess their level, in order to determine the risk for the existing stakes and the possibilities of
construction or development in terms of land planning. Sinkholes are the most common type of ground
movement phenomenon in France. A specific methodology for assessing hazards and risks has been developed
(Delaunay and al, 2025).
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2. Sinkhole: definition and hazard assessment
2.1. What is a sinkhole?

The sinkhole hazard is a frequent and dangerous phenomenon associated with shallow abandoned mines.
Sinkhole (or pit hole, crown hole - sudden, localized collapses of the ground surface) are characterized by the
sudden appearance on the surface of a collapse crater, which generally varies from a few meters to several tens
of meters in diameter (Ineris, 2018; GEODERIS, 2019). The depth of the crater depends mainly on the depth
and dimensions of the mining cavities that caused it. There are several mechanisms that cause sinkholes:
breakdown of the roof of a gallery or mining cavity (Figure 2), collapse of broken isolated pillar (s), collapse
of a shaft head (backfilled or empty). Two circumstances are likely to stop the phenomenon of sinkhole uplift
affecting underground mining works:

e Stabilization of the underground void; this is particularly the case when there is a thick, unbroken
layer of rock strength in the overburden.

e The void filling itself as the ground expands in the sinkhole rise chimney; the phenomenon will
stop when the expanded volume of the chimney is equal to the volume available in the cavity and
the chimney.

The development of sinkholes in the overburden is generally a slow process, which can take several years
or decades. However, sinkholes appear suddenly on the surface, making them potentially dangerous for people
and property located within their area of influence. Discontinuous deformations appear during, immediately
after or very shortly after the exploitation of the seam, but sometimes a long time afterwards.

2.2. Hazard assessment: methodology and limits

The concept of hazard used in the field of mining risk prevention in France is defined as the probability
that a mining-related phenomenon will occur at a given site during a specific reference period, reaching a
quantifiable or measurable intensity (Ineris, 2018). This characterisation is based on the systematic cross-
referencing of two major components: the foreseeable intensity of the phenomenon and its probability of
occurrence. In the post-mining context, the reference period spans several decades or even centuries, which
means that the inevitable deterioration of old underground infrastructure must be included in the analysis.

The intensity of a phenomenon corresponds to the extent of the disruption, damage or nuisance likely to
result from the feared event. It is based on measurable physical quantities. To assess this intensity, experts
identify the most discriminating physical quantities, such as the maximum diameter of a sinkhole or the
amplitude of horizontal ground deformations, in order to characterise the severity of the foreseeable
consequences. Although the number of intensity classes may vary depending on the accuracy of the data, the
standard nomenclature used in France generally comprises five levels ranging from very limited to very high,
the latter being reserved for events of exceptional and devastating intensity. In the case of sinkhole hazard
assessment, three intensity levels are used based on the diameter likely to form on the surface: limited (diameter
<5 m), moderate (5 m < diameter < 10 m) and high (diameter > 10 m).

Due to the complexity of the mechanisms involved, the heterogeneity of the natural environment and the
often-partial nature of the information available on old mines, it is difficult to adopt a quantitative probabilistic
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approach to assess the occurrence of phenomena (Ineris, 2018). Consequently, it has been decided to favour a
qualitative approach based on the concept of predisposition, which reflects a site's intrinsic sensitivity to being
affected by a particular disorder (GEODERIS, 2019). The analysis of this predisposition is based on feedback,
examining whether similar phenomena have already occurred at the site or in similar geological and mining
contexts. It also requires an in-depth examination of the type of work, the configuration of the operation and
the hydrogeological environment. This approach to assessing predisposition can be complicated in some cases,
particularly for older operations, due to the scarcity of available information. Predisposition classes are usually
divided into three or four levels of sensitivity: very low sensitivity, low sensitivity, sensitivity and high
sensitivity.

In the case of sinkholes caused by roof failure of the gallery, an additional step involves assessing the
theoretical height of chimney collapse from which the phenomenon is blocked by self-bulking. Over several
years, Ineris has developed an analytical model for predicting the height of sinkhole uplift that takes into
account the operating pattern implemented in underground works (abandoned chambers and pillars, different
types of galleries). This volumetric model assumes that the phenomenon is blocked by self-bulking resulting
from the expansion of collapsed ground (Didier & Salmon, 2010).

Using information available on the geometry of the works and the properties of the ground forming the
overburden, the model makes it possible to determine the predictable height of the chimney rise and thus to
assess the risk of sinkholes appearing on the surface.

The final hazard level is obtained by cross-referencing intensity classes with predisposition classes within
a matrix or cross-tabulation table (Table 1). This qualification principle allows qualitative values or mixed
criteria to be combined to produce a hierarchy of three hazard classes: low, medium and high. This hazard
level is assessed on a case-by-case basis for each site, allowing for adjustments to adapt to local specificities
and the physical mechanisms specific to each feared phenomenon.

Table 1 : Mining hazard qualification

Predisposition

Unlikely Likely  Highly likely

Intensity

Low Low Low Medium

Moderate Low Medium High

The final phase of the assessment consists of hazard mapping, which must cover all surface areas likely to
be affected (Figure 3).

GEODERIS, with the assistance of Ineris and BRGM, has carried out approximately 250 risk assessment
studies since 2001. Given the large number of former mining operations in France, priority was initially given
to large mining basins and mines with numerous surface buildings. The results of this large investigation are
12 350 hectares of mapped hazards. In this context:

e The phenomenon of sinkholes is assessed across all sites studied.

e About 80% of the hazard areas are concerned by sinkholes.

e  Almost 4000 sinkholes have been identified (through archives or directly observation on former
mining sites), just under half of which are located on former coal mines (Figure 4).

e Between 5 to 15 sinkholes appear each year.
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The approach implemented over several years is based on qualitative expert analysis, which is often
hampered by a lack of data. Ineris has recently conducted several studies to improve assessment methodology,
using quantitative approaches and modern tools:

e 2015-2017: new grid for estimating the intensity of sinkholes (Ineris 2015, 2018). From 2024:
reflection to define quantitative approaches to estimate the predisposition of old mining sites to
sinkhole phenomena. To carry out this study, Ineris is participating as a partner in the European
SIRIMA project.

2. The SIRIMA Projet

2.1. Presentation (Siwek and al, 2025)

The SIRIMA project (Sinkhole Hazard and Risk Management in Post-Mining Areas, risk management of
sinkholes in post-mining areas) is co-funded by the European Union's Coal and Steel Research Fund under the
RFCS-2023-01-RPJ Coal Research Projects action, grant agreement number 101157400. This project aims to
deepen knowledge and experience regarding threats to post-mining areas in EU Member States. The main
objective of the project is to reduce the frequency of uncontrolled and unexpected ground surface movements
in areas where shallow abandoned coal mines are located. The project focuses on the phenomenon of sinkholes,
which is the main type of hazard affecting these regions. Seven partners, including Ineris and an associate
partner, from Poland, France, Germany and Spain are participating in the SIRIMA project. In some European
countries (such as France, Poland, Germany, Belgium, Spain and the United Kingdom), coal deposits are very
significant and have given rise to numerous mines, some of which are still in operation. The last underground
active mines are enough deep, and no sinkhole hazard should be considered. In the Upper Silesia region of
Poland, the intensity of the sinkhole threat increased between 2022 and 2024, particularly above the two closed
mines (Siersza and Pomorzany), which are in the final phase of their water filling process (with the flood front
between 0 and 20 m). In Germany, the state of North Rhine-Westphalia is characterised by intensive mining
activities that date back to Roman times and beyond. Spectacular collapses have occurred, such as the Hontrop
crater in Bochum in 2000, which prompted the state to set up a risk management system for mining heritage.
The mining authority is aware of around 3,700 collapses and sinkholes since the mid-1960s and estimates that
around 90 incidents occur each year in the North Rhine-Westphalia region. In Spain, the situation is different.
Many mines are very deep (up to 900 metres in Asturias). Coal mining has therefore followed a pattern
determined by the depth of the coal seams and the economic viability of the extraction methods. Coal mines
located at depths between 0 and 150/200 metres are not generally mined using underground methods, but rather
by open-cast mining. As a result, sinkholes affecting former coal mines are non-existent.

As part of the project, 6 Work Packages are planned, which organize the work on subsequent aspects of the
hazard of formation of the sinkholes. Work Package 2 concerns the creation of databases, including one
relating to sinkholes. WP4 involves an in-depth analysis of the data collected in WP2, with a particular focus
on estimating the risks associated with sinkhole formation in post-mining areas. In parallel with the work in
WP4, advanced research will be conducted using machine learning (ML) and deep learning (DL) methods as
part of Work Package 5.

The SIRIMA project aims to reduce the frequency and effects of sinkhole-related risks and to develop
methods and tools to assess the risks associated with their occurrence. This translates into the safe use of post-
mining areas by their inhabitants, who, long after the mine has closed, are unaware of the dangers that exist in
these areas.

2.2. The sinkhole database (Vuidart and al, 2025)

One of the objectives of the SIRIMA project is the creation of a database of sinkholes that have occurred
(Work Package 2) linked to shallow abandoned coal mines in Europe including those due to the collapse of
old mining shafts. Therefore, the objectives of the database are:

e Collecting the maximum number of well-documented cases across the Partner’s countries including
information on the circumstances of the occurrence of sinkholes.

e Constructing Web-map for displaying of the identified cases at different scales: sub-regional,
national and continental one.
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The first step was to define the data that would be collected. Ineris has identified the criteria relating to the
predisposition of occurrences (depth, date, nature, etc.) of mining work and the intensity (diameter, depth, etc.
of disorder) of the listed sinkholes. Some data are quantitative (diameter, depths, etc.), while others are
qualitative (resistance of the overburden...). For qualitative parameters, glossaries are provided in order to
standardise the database and facilitate data entry. To ensure a comprehensive analysis for the other work
packages, the database includes a vast array of parameters organized into five main thematic groups:

e Localization (12 data points): This group focuses on the precise identification of the event. It
includes unique IDs, names, and various coordinate systems (local X/Y and WGSS84). It also
records the name of the mine, the country, and the specific municipality where the sinkhole
occurred.

e Sinkhole Characteristics (10 data points): This section quantifies the physical disorder. Key fields
include the number of sinkholes in a given area, the total impacted surface area (m?), dimensions
(length, diameter, width), and the depth of the crater. It also tracks whether the data is an in-situ
measurement or an estimation, the date of appearance, and the presumed origin of the collapse (e.g.,
failure of the roof, pillar, or shaft head).

e Characteristics of Mining Work (12 data points): This theme links surface disorders to underground
activities. It records the type of mining work (shaft, cavity, or drift), the start and end dates of
exploitation, the dip of the coal seam, and the depth of the workings relative to the surface. It also
includes technical details like ground support types and the accessibility of the cavity for
inspection.

e Overburden Characteristics (5 data points): These fields describe the geological layers between the
mine and the surface. Parameters include the geology of the overburden, the fracture condition of
the roof, rock strength, and water conditions (e.g., dry, seepage, or flooded).

o Surface Consequences: Finally, the database records the presence of buildings or infrastructure in
the affected area and any observed damage to human property.

The database is structured using an MS Excel format, featuring several dedicated tabs: the "Sinkhole DB"
for data entry, an "explanations" tab to define each field, and an "Explanatory diagrams" tab to assist partners
in filling out the records accurately. The structure was finalized and validated by project partners in December
2024.

The second step was to populate the database. Ineris, acting as the lead for database creation, received
national datasets from each project partner.

The German contribution, managed by DMT-THGA, focuses exclusively on the Ruhr coal mining basin.
Data was primarily sourced from the "Gemeinsamkeit" project (recorded between 2015 and 2018) and the
Department of Geoinformation, Surveying, and Cadastre of the city of Essen. The primary obstacle in Germany
is that sinkhole data is classified as sensitive, which restricts public access. Furthermore, current regulations
only allowed for the release of data from Essen for the period between 1991 and 2010. A major technical
limitation is that existing databases often fail to distinguish between natural sinkholes and those caused by
mining, leading to uncertainties in the final dataset. 397 cases have been entered into the database, but the
associated information is very limited. In most cases, only the location of the sinkhole is available.

The Polish contribution was managed by Central Mining Institute. The Polish dataset, centered on the
Upper Silesian Coal Basin (USCB), contains 906 records from three abandoned mines: Siersza, Kazimierz-
Juliusz, and Jan Kanty. Information was extracted from archival mining materials, including coal seam maps
and shaft profiles. Recent entries were supplemented by a 2023 inventory conducted by the Polish Geological
Institute (PIG-PIB) using LIDAR technology, satellite imaging, and archival photographs. A major challenge
is the loss of 19th and early 20th-century data, as surface damage was historically neglected. Systematic record-
keeping only became mandatory in 1967 and was further refined in 1994, leaving vast historical gaps.
Additionally, many older records lack essential technical details, such as the depth of mining operations or the
direct connection between a sinkhole and specific underground voids.

Ineris recorded 512 sinkholes affecting approximately fifty mines across metropolitan France, with a high
concentration in the Messeix coal basin (Centre of France). Data was pulled from the GEODERIS database
(BDSTM), hazard studies, expert assessments from the last 20 years, and archives from former operators.
Collecting and cross-referencing information from multiple sources was described as "tedious and time-
consuming". Many sinkholes are several decades old and affect former mining works (prior to 1900), which
means that technical data on overburden, mining methods, and the dimensions and depths of mining structures
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are often lacking. Furthermore, most old mining works are physically inaccessible, limiting investigations to
surface visits that cannot verify the state of underground cavities.

As of December 2025, the database successfully integrated 1,814 sinkholes from underground coalmines
from three European countries (Figure 5). The partners continue to expand the database. The database will be
analysed in work packages 4 and 5 of the project in order to highlight the main parameters that play a role in
the occurrence of sinkholes in shallow European coal mines, with the aim of improving their prediction.

The third step consisted of implementing the database as a specific web map accessible to the public on the
project website, accompanied by a description of how the data are used. It was initially decided to include only
certain general data on sinkholes from the database into the integrated map of shallow mining operations in
the partner countries: the ID of the sinkhole, its the dimensions, its depth and the date of occurrence.

The final graphical visualisation of the Sinkhole Database is publicly available as a map at the following
link: https://sirima.gig.eu/integrated-map/.
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3. Results and Discussion

By December 2025, the database had successfully incorporated the data of 1,814 sinkholes from 3 European
countries: France, Poland and Germany. One can notice that the availability and richness of information vary
considerably from one European region to another.

The work carried out by the partners highlights the difficulty of obtaining complete information due to data
loss over time. As a result, the sinkhole inventory is not exhaustive, as some mines are very old and information
about them has not been archived. Furthermore, in Germany, not all data is public. This means that not all
fields in the database could be filled in. Although the local geology is relatively well known, it is also difficult
to obtain accurate information on the mechanical characteristics of the overburden, the state of fracturing and
the hydrogeological situation. This information is only partially available for the French cases and is missing
for the Polish and German cases.

Nevertheless, experience and the literature highlight the importance of these parameters in the occurrence
of sinkholes.

It should also be noted that the German and Polish partners chose to focus solely on certain mining basins
with a high density of sinkholes. In contrast, the situation in France is different. Indeed, former coal mining
basins of a similar size to those in Poland or Germany generally have few sinkholes compared to their size.
This can be explained in part by the structure and depth of these deposits, and the mining methods used, which
left very few mine voids. By contrast, mainland France contains numerous smaller legacy mines with
operations located close to the surface.

As mentioned earlier, the database provides information that will be used in work packages 4 and 5, in
particular to develop prediction tools. Nevertheless, Ineris has carried out a preliminary analysis of the cases
already recorded in the database. Useful observations for the next stage of the project can already be made.

It appears that the database is very heterogeneous, despite efforts to standardise the format, the terminology
and the nature of the data entered. It is also noted that the number of observed sinkholes varies considerably
for French sites. In particular, for sites with few recorded cases, two explanations can be put forward:

e The necessary conditions for sinkholes formation were not met.
e The information was lost or not collected.

The sites selected to populate the database were not chosen at random. For Poland and Germany, the choice
fell on mining areas where sinkholes are numerous, recurrent and problematic because they are located in
urbanised areas. For France, priority was given to sites for which sufficient and usable information was
available. This approach, based on data availability, introduces a selection bias, as the best-documented events
are likely to be overrepresented. The results of the analyses must therefore be interpreted taking this limitation
into account. Furthermore, the German and Polish cases, which are concentrated in a single mining basin, may
also introduce a bias in the analysis, as certain parameters are specific to these sites.

The database does not include the surface area of underground workings in the mines studied. The absence
of this information also introduces a bias into the comparative analysis. Indeed, an identical number of cases
in a large-scale basin or in a very small mine does not have the same statistical significance. This limitation is
accentuated by the mining method used and, consequently, by the extent of underground workings and the
density of residual voids.

All cases concern coal mining sites. As extraction methods are specific to each deposit and the geology is
similar (most coal deposits date from the Carboniferous period and have fairly similar geology), the dataset
therefore focuses on a set of very similar characteristics. This point must be taken into account in data analysis
and the development of prediction tools, particularly if users plan to implement them in other types of mining
works.

Finally, the database lists sinkholes affecting former underground mining works as well as mine shafts.
Before processing the data, it is essential to distinguish between these two scenarios.

The next step involves analyzing the data within the SIRIMA project to develop sinkhole prediction tools.
Traditional statistical methods and advanced analytical techniques such as machine learning will be
implemented.
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4. Conclusion

The paper recalls that main post-mining hazard is sinkhole. It can be occurred years after closing the mine.
Risk assessment studies conducting for abandoned mines in France highlighted that 80% of risk areas are
affected by sinkholes are reported and that around ten new cases ones appear each year.

The prediction of the sinkhole hazards is mainly based on expert judgment and historical data. For this raison,
in the frame of SIRIMA European project a data base was established presenting the first European mining
sinkhole database.

As in many European countries, predicting the occurence of sinkholes is crucial to managing this issue
effectively at former mining sites. One of the objectives of the European SIRIMA project is to provide
prediction tools. The development of these tools is based on available information and feedback. The creation
of a database is a key step in this work. France has many mining sites, with a wide range of substances being
extracted, not just coal. The database contains 1,814 sinkholes from 3 European countries: France, Poland and
Germany. Filling in all the information is a challenging task due to the age of the mines and the loss of
information.

The work carried out as part of the SIRIMA project will contribute to the ongoing discussions on improving
the assessment of sinkhole hazards.
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Abstract

Former polymetallic mining districts present health and environmental concerns due to high geochemical
background and pollution associated with mining activities. In France, health and environmental studies allow
to assess the compatibility of land use with environmental media to guide post-mining management. This work
follows a national methodology combining land-use reconnaissance, environmental investigations, and
interpretation of environmental degradation that can lead to a Quantitative Health Risk Assessment. Three
case studies in southern France illustrate this framework which is based on measured concentrations and local
exposure scenarios. The results show that ingestion of soil and locally produced foodstuffs generally
constitutes the dominant exposure route for surrounding populations, while particle inhalation remains of
secondary importance when mining residues are vegetated, without significant deposit activity. Case studies
indicate that health risks are mainly associated with lead, arsenic, and cadmium. Bioaccessibility
measurements help refine exposure estimates and reduce uncertainties, although recent revisions of
toxicological reference values for inorganic arsenic significantly influence risk assessment outcomes. Overall,
these case studies confirm the relevance of integrated health and environmental assessments as
decision-support tools for defining proportionate, site-specific management measures. This article also
highlights the opportunity for regular updates in light of evolving scientific knowledge and climatic conditions.

Keywords; Metals, Post-Mining, Health risk, Exposure routes, Environmental management, Bioaccessibility

1. Introduction

Old polymetallic mines are of particular concern because their mineral paragenesis results in high natural
geochemical background levels (Seifert & Sandmann, 2006). Metal mobility in the mining wastes is driven by
the geochemical and mineralogical characteristics of ore deposits and weather conditions. Metals and
metalloids can be released and can contaminate environmental media. Metals can be transferred via aqueous
pathways through leaching, infiltration, and surface runoff, thereby impacting surface waters and groundwater
(Navarro et al., 2008). Fine metal particles can also be dispersed by wind (Iavazzo et al., 2012). Meanwhile,
metals from soils or from contaminated irrigation water can accumulate in plants (Das & Maiti, 2007; Topal
etal., 2021). Due to their toxicity, these contaminants may pose health and ecological risks (Sogos et al., 2025).

Following the European Directive 2006/21/EC on the management of waste from extractive industries (the
so-called ' MWD' — Mining Waste Directive) (EU, 2006), Member States had to ensure an inventory of closed
waste facilities, including abandoned waste facilities. In mainland France, 2109 polymetallic tailings were thus
identified, and 233 districts within main tailings were clustered, were ranked according to their potential impact
on the environment and public health (Chapon et al., 2023). To date, around forty polymetallic mining areas
with the highest potential risk have undergone complete health and environmental studies. These studies are
based on the French methodology for managing contaminated land (MEEM, 2017) and its approach called
Assessment of the State of Media Quality (Interprétation de I’Etat des Milieux-IEM). The studies aim to
evaluate, for a mining district, the compatibility between the current quality of its environmental media and its
current land uses. Ultimately, the resulting general management of pollution seeks to define recommendations
for mitigation measures or monitoring.

* Nathalie Velly: Tel: +33 (0) 688070955
E-posta: nathalie.velly@ineris.fr (Velly N)



Health and environmental approach of French post-mining management Nathalie Velly et al.

This paper presents the general approach related to health and environmental studies and three case studies
for which this kind of study has been implemented. These mining areas have been chosen among areas that
have been subject to studies currently being communicated to municipalities, local authorities and population.
Reports of these studies are available on GEODERIS website (GEODERIS, 2020). GEODERIS is the public
interest organisation that conducts studies on behalf of the French government. It has performed closed waste
facilities inventory and since 2012 implemented health and environmental studies. These studies are carried
out by working groups composed of experts from GEODERIS, INERIS, and BRGM.

The overall objective of this article is to bring an overview of the application of the approach, and highlight
its specific features, and its limitations, focusing on the study of human exposure and health risks for
populations.

2. Materials and Methods
2.1. Methodology related to health and environmental studies

The IEM approach involves 3 main key steps: (1) land use reconnaissance, (2) field investigations, (3)
interpretation of environmental degradation that can lead to a Quantitative Health Risk Assessment. These
steps aim to provide decision-making support, incorporating health recommendations.

2.1.1. Land use reconnaissance

This initial phase consists in identifying current land uses to determine the populations to protect and their
current and future land uses such as housing, agriculture or tourism.

Land use step consists of identifying, locating, and concretely characterizing the human activities and stakes
present on the mining site and in its environment. This approach is based on field visits, generally
supplemented by interviews with local stakeholders (municipalities, residents, farmers, etc.). Although it does
not constitute an exhaustive inventory, it allows the land uses to be established for the study period.

This phase is illustrated by a conceptual site model to describe the relationships between the sources of
pollution, the transport pathways (rainwater runoff, bioaccumulation, etc.) and exposure routes (soil ingestion,
vegetable consumption, etc.) and the receptors (the types of exposed populations). Discussion of this
comprehensive diagram helps to prepare next step related to site investigations by focusing on areas where
exposure to possibly degraded environmental compartments is suspected.

2.1.2. Field investigations

Distinguishing the natural geochemical background from the anthropogenic geochemical background is a
prerequisite to assess mining-related media degradation. So, in addition to all the available information related
to the local geology and lithology, first field investigations are conducted, in parallel with land use
reconnaissance, to determine the natural geochemical background as reference environment, including the
range of concentrations for each substance and lithology of interest.

In the framework of health and environmental studies, the general objective of field investigations is to
characterize the state of the environment and verify the transport pathways and exposure routes defined in the
preliminary conceptual site model,

To achieve this, an extensive field campaign is performed to collect samples across various environmental
matrices: mainly including as exposure media for populations, soils, groundwater, and locally grown plants,
and for environmental impacts interpretation, mining residues, surface water and sediments. The collected
samples are then sent to accredited laboratories for comprehensive physico-chemical analyses to precisely
quantify the presence of targeted pollutants, primarily heavy metals and metalloids. The substances sought
correspond to potentially contaminating elements carried by the mineral phases of the deposits mined in the
area under study.
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2.1.3. Interpretation and Quantitative Health Risk Assessment

Measured concentrations are then compared with reference environments to distinguish mining-related
pollution from natural mineral anomalies, highlighting any degradation caused by former mining or associated
industrial activities. In accordance with the methodology, in the absence of suitable regulatory values for soils
in France, and when concentrations exceed local reference environment, a Quantitative Health Risk
Assessment (QHRA) is performed. This assessment is based solely on measurements conducted in the
populations’ exposure media. No transfer or exposure modelling is carried out. Besides, no health risk
calculations are performed for groundwater because the measured concentrations are directly compared to
regulatory values for drinking water to identify any metal degradation.

Health risk assessment specifically aims to quantify chronic exposure using toxicity reference values (TRV)
and exposure scenarios to calculate hazard quotients (HQ) for threshold effects and “individual excess risk™ or
cancer risk (CR) for non-threshold effects. Updated conceptual site models according to field investigations
are used to develop site-specific exposure scenarios. Based on the identified uses, typical profiles of exposed
populations are created (e.g., "child of a permanent residence", "adult gardener") considering the associated
exposure routes. Exposure parameters such as exposure frequency are generally chosen according to a
conservative approach.

QHRA is followed by an uncertainty analysis for putting risk assessment results into perspective, as it helps
to validate the conclusions and identify the most significant uncertainties.

Ultimately, the goal is to define mitigation measures for pollution management and exposure reduction. If
an incompatibility is identified, this leads to management recommendations, use restrictions, or safety
measures.

2.2. Case studies
2.2.1. Preamble

To illustrate this framework, three case studies located in the South of France are presented. Aiming to
examine the specific features of human health and environmental studies in a post-mining context, the analysis
of the following case studies focuses on the interpretation of heavy metal concentrations contained within
mineral paragenesis and associated with mining operations and in exposure environments related to humans.

It is, however, important to emphasize that the selected case studies also addressed all sources of pollution
related to mining activities and their associated contaminants, such as reagents used to extract and concentrate
target metals, as well as ancillary facilities such as hydrocarbon storage tanks or transformers. These case
studies also considered acid mine drainage, a phenomenon commonly encountered at mining sites involving
sulfide minerals. Among case studies, high concentrations in exposure environments for livestock have been
identified and addressed in liaison with the French health and veterinary authorities. But these last issues are
not addressed within the scope of the present article.

2.2.2. Case study 1

The study area covers approximately 100 km? in a mountainous territory. Across the various mining
concessions, extraction activities were carried out between 1848 and 1963, primarily focusing on the
exploitation of zinc, lead, silver, and copper ores.

Given the extent of the studied area, the knowledge of land uses made it possible to refocus detailed
investigations on 17 specific zones (representing a total of 3 km?) where potential incompatibilities between
the state of the environments and land uses were anticipated. As seen in Table 1, the land uses identified are
highly diversified and are divided into several categories:

e Daily life activities such as permanent or temporary (secondary) residences, vegetable gardens,
public spaces accommodating children, lawns.

e Agricultural activities: including pastoralism which is the predominant activity with the summer
pasturing of cattle.

e Leisure and tourism activities: hiking, camping/bivouacking, caravanning, fishing, and fruit
picking.

e Water use: drinking or domestic use.
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Table 1: issues identified for all investigated areas gathered in the conceptual site model (source:

GEODERIS)
Pictogram Land use Pictogram Land use
Daily life activities
ﬁ Permanent or temporary residence Gardening and consumption of
in a hamlet ﬁ produce for personal use
=y Isolated shelter or temporary IH} Lawns where young children play
gE residence outdoors
g.,\ Equipped and signposted i School
playground

Agriculture activities

‘H # # Grazing sheep, cattle or horses

Leisure and tourism activities

Hiking or walking and picnicking at .

Bivouacking or campin
an unmarked rest area & ping

=H= Picnicking at a marked and

Caravannin .
& equipped rest area

Picnicking at a marked and f/ L
. Fishing
equipped rest area ——

¢« 2l

Blueberry picking

Water use

-9 Water collection for drinking and/or
domestic use

Based on the conceptual model, the study targeted specific human exposure routes:

o Ingestion of water (groundwater or surface water) that is potentially contaminated.

e Ingestion of surface soil, which particularly concerns children under 6 years of age (due to their
natural hand-to-mouth behavior), but also adults in the context of their gardening or leisure
activities.

o Ingestion of potentially contaminated plants such as fruits and vegetables grown in local vegetable
gardens.

Particle inhalation (outdoors or inside dwellings) has been identified as a potential exposure route, a priori
only for 1 of the 74 exposure scenarios. As the study of this route requires specific sampling protocols, these
were not implemented in this case study, although it cannot be ruled out that this is a significant exposure
route. So, the study only focused ingestion route.

To characterize the exposure media and reference media, measurement campaigns were carried out on the
following matrices:

e Soils sampled at the surface (0-3 cm) for leisure areas, and at a greater depth (0-30 cm) for vegetable
gardens.

e Water including both surface water and groundwater.

e Plants including vegetable crops (fruits and vegetables intended for home consumption).

Based on the mining history, the main analyzed parameters in the matrices were the metals and metalloids
linked to the mineral extraction activity: lead (Pb), zinc (Zn), antimony (Sb), silver (Ag), arsenic (As),
cadmium (Cd), copper (Cu), and titanium (T1). Metals were systematically selected for the quantitative health
risk assessment (QHRA). For three quarters of scenarios involving soil and vegetable ingestion by adults
gardening, risk is only associated with arsenic.

Bioaccessibility measurements were carried out on soil samples and vegetable crop samples for arsenic,
lead, cadmium and antimony considering Unified Barge Method test. These analyses demonstrated that the
bioaccessibility of metals and metalloids was not complete and was found to be between:

o 10% and 60% for arsenic and cadmium.
e A few percent to 20% for antimony.

24



Health and environmental approach of French post-mining management Nathalie Velly et al.

e 10% and 100% for lead.

The main objective of these measurements was to refine the Quantitative Health Risk Assessment related
to the soil and vegetable soil. Indeed, bioaccessibility allowed to adjust the exposure assessment. In a standard
risk calculation, it can be considered by default that 100% of the ingested pollutant is assimilated by the human
body. Measuring bioaccessibility makes it possible to define the exact percentage of the toxic element that will
actually be "available" and absorbed by the body during digestion (Baranger et al., 2016).

Recommendations were primarily formulated for plots showing an incompatibility between land use and
the media quality, while taking uncertainties into account. These may include the installation of fences to
prevent access to mining deposits or remnants, or information panels indicating their presence, as well as the
development of off-ground playgrounds for children. In the case of kitchen gardens, redevelopment through
the addition of clean soil is proposed in order to limit exposure to pollutants originating from soils and
homegrown vegetables. In some cases, it may also be recommended to prevent the remobilization of
contaminated soils, in particular by maintaining vegetation cover.

2.2.3. Case study 2

The exploitation covered an area of 3700 hectares. In this mining sector, operations have mainly focused
on the extraction of lead and zinc ores (often associated with silver and germanium), as well as iron pyrite.
Local populations (adult and child residents, workers, tourists) can be exposed to media through a wide
variety of land uses. These uses were specifically recorded at private residences and collective spaces:
e Soil use: It includes the maintenance and use of ornamental gardens, the use of play areas for
children, gardening in vegetable gardens, as well as outdoor recreational and leisure activities
(hiking on trails, mountain biking).
e Water use: Surface water and groundwater are captured for domestic uses such as watering
vegetable gardens and filling swimming pools (bathing).
e Food production and consumption: this includes mainly the consumption of plants grown on-site.
As particles can be re-emitted by the wind or by disruptive activities such as earthworks and mountain
biking, particle inhalation has been identified as a potential exposure route in addition to soil, water and plant
ingestion. So, specific measurement campaigns targeting fine particles (<10 pm) and atmospheric fallout were
conducted to characterize the atmospheric fluxes of dust and assess the potential impact of nearby mining
deposits on the ambient air, at around 10 different locations spread across 2 municipalities. These campaigns
were deliberately scheduled during the driest and windiest periods of the year to represent the most favorable
conditions for dust dispersion. However, measurements have shown that as long as the deposits retain their
tree cover and are not disturbed, they do not constitute a major source of airborne contamination. Thus, after
field investigations, as seen in Table 2, particle inhalation has not been taken into account in the conceptual
site model for the QHRA implementation.

Table 2: conceptual site model after field investigations (source: GEODERIS)

Source Transport pathways Exposure route Populations
Soil Direct contact Unintentional ingestion of soil Adults and children
Soil-vegetables transfer Consumption of self-produced plants Adults and children
Garden Trrigation Consumption of self-produced plants Adults and children
Water Unintentional ingestion of water Adults and children
Swimming Unintentional ingestion of water Adults and children

Based on the knowledge about minerals and first metal characterization already done on different media,
the analyzed parameters were: aluminum (Al), lead (Pb), zinc (Zn), antimony (Sb), silver (Ag), arsenic (As),
cadmium (Cd), chrome (Cr), cobalt (Co), copper (Cu), barium (Ba), iron (Fe), manganese (Mn), mercury (Hg),
nickel (Ni) and thallium (Th). The quantitative health risk assessment (QHRA) conducted for soil ingestion
and home-grown consumption showed situations for which land uses were not compatible with the quality of
soils and vegetables. The risk was mainly associated with lead, arsenic and cadmium and, to a lesser extent,
antimony.

In addition to specific recommendations provided for certain plots where an incompatibility between land
uses and environmental quality has been identified, general recommendations for the use of private spaces are
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also issued. These aim to limit users’ exposure to contaminants present in soil particles. The study recommends
wet cleaning of indoor floors and covering bare soils with paving or vegetation in particular, which represent
good practices already provided by local health authorities for people living on or near soils with high
concentrations of metals and metalloids.

2.2.4. Case study 3

The study area encompasses the entire watershed of a river, which covers a total surface area of
approximately 125 km?. The main substances mined in this sector were iron, pyrite and lead, with mining
activity mainly taking place from the mid-19th century to the early 20th century.

This case study was chosen for this article due to the presence of protected species, to emphasize the terms
of study. Consequently, aspects related to human exposure are not detailed.

The study of protected plant and animal species was primarily conducted through a documentary
vulnerability assessment. Researchers used databases such as CARMEN and Infoterre (BRGM, 2024) to
identify protected environmental areas within the watershed. These included Natura 2000 sites, ZNIEFFs
(Natural Zones of Ecological, Faunistic and Floristic Interest), a ZICO (Important Bird Conservation Area),
and a Regional Nature Park.

The vulnerability of the protected species was evaluated based on the geographical position of their
designated environmental zones relative to the old mining sites, prevailing winds, and potentially contaminated
watercourses. The study operated under the assumption that these environmental zones effectively delimited
the living perimeters of the species.

To definitively conclude on the real impact of the past mining activities on these protected species, the
report recommends conducting a specific study on local biodiversity and species distribution.

As seen in Figure 1, a conceptual site model was developed, illustrating transport pathways such as particle
re-suspension and accompanied by a table taking into account environmental and health issues and associated
exposure routes and receptors. The report provided recommendations in terms of restrictions on the use of
surface water for irrigating metal-sensitive plants on acidic soil.

GE _DERIS

s N
Particle re-suspension

Types of issues Exposure routes Receptors
Ingestion of surface soil, dust from the soil
Inhalation of dust

Ingestion of vegetables from gardens, wild fruit

Health Ingestion of fish Children and adults
Ingestion of water during recreational and sporting
activities
Ingestion of water and sediments
Water filtration.
Bvirosmaial Dust deposition on plants Protected fauna and flora
Particle discharge into watercourses Surface water quality

Acid mine drainage into watercourses
Sediments

Figure 1: conceptual site model (source: GEODERIS)
3. Results and Discussion
3.1. Main exposure routes

Based on cases studies, populations near deposits are mainly exposed to metals through soil and plant
ingestion and to a lesser extent to particle (or ”dust”) inhalation. The dispersion and deposition of particles
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loaded with metallic and metalloid elements from deposits can be identified as potential transport pathways,
leading to potential exposure routes via particle inhalation and ingestion. The only measurement campaigns
targeting fine particles and atmospheric fallout concerned case study 2. This is certainly due to the extension
of the area concerned (10 measurement locations and 2 municipalities). This could have justified the
deployment of specific protocols that are therefore cumbersome to implement, in particular to ensure spatial
and temporal representativeness. In any case, the interpretation of results showed that, in the absence of
significant activity and with forest cover maintained, deposits are not considered as significant sources of
metallic particle emissions.

Regardless of the implementation of health and environmental studies and at the request of the health
authorities, a QHRA was carried out twice to assess risks related to the inhalation of soil-derived particles by
populations living near a former mining district located in Orbiel Valley in South of France (Les services de
I'Etat dans I'Aude, 2025). These studies, based on sampling campaigns and analyses of airborne metallic
particles in ambient outdoor air, showed that the risks are considered not of concern for both children and
adults. In 2021, in order to take into account the tools and methods currently in force at the national level, the
IEM approach was also implemented, making it possible to confirm that air quality in the valley complies with
regulatory requirements for residents and is compatible with residential land uses.

In the context of climate change, increases in temperature and heavy rainfall, combined with a reduction in
vegetation cover, could however further promote the re-suspension of particles (Aryal & Evans, 2023; Munson
etal., 2011).

3.2. Bioaccessibility

Taking bioaccessible fractions into account allowed for a downward adjustment of exposures. This was
particularly decisive in significantly reducing the health risk levels associated with arsenic or cadmium, thus
avoiding the issuance of overly burdensome recommendations based on overestimated risks (particularly in
vegetable garden scenarios where arsenic often generated incompatibilities).

3.3. Risks and substance toxicity

Based on the two first case studies, QHRA showed that risk is mainly associated with lead, arsenic and
cadmium. The IARC has classified cadmium and inorganic arsenic as “carcinogenic to humans” (Group 1)
and inorganic lead as “probably carcinogenic to humans” (Group 2A) (PRC, 2021). The health effects of these
substances are well documented (INERIS, 2026).

The results of the risk calculations strongly depend on the choice of toxicological reference values (TRVs)
based on current scientific knowledge. Beyond the choice of toxicological value for risk assessment, there are
many sources of uncertainty associated with determining these values. Given the exposure durations
considered, the TRVs chosen for the risk assessment correspond to chronic TRVs. For arsenic, chronic TRVs
are established for inorganic arsenic, although total arsenic concentrations are used for risk assessment, which
is a conservative choice. The U.S. EPA has recently revised the non-threshold TRV for inorganic arsenic (U.S.
EPA, 2025). The value has thus changed from 1,5 (mg/kg/j)"' to 31,7 (mg/kg/j)"!, corresponding to a
twenty-fold increase. This results in a significant impact on risk indicator values and on the conclusions of
recent studies taking into account this new TRV. In addition, this recent toxicological review may challenge
the relevance of bioaccessibility measurement for this metalloid; the conclusions on risks becoming similar in
most cases, regardless of whether bioaccessibility is measured or not.

3.4. Management measures

Case studies provide examples of recommendations that are provided to reduce or “cut” people exposure
to contaminated sources or to the impacted environments with which populations may come into contact. This
translates concretely into the implementation of specific site management plans and measures (Chapon et al.,
2023).

Management plans are proposed to restore compatibility between observed land uses and the actual state
of the environmental media. Control of pollution sources and transport pathways represents a key element.
Measures can be recommended to limit erosion and the dispersal of mining residues, notably through the
implementation of covers or stabilization structures. Control of water flows (surface runoff, infiltration) can

27



Health and environmental approach of French post-mining management Nathalie Velly et al.

be also recommended to restrict the transfer of metals and metalloids toward surface water and groundwater.
Regular monitoring of groundwater is necessary to verify the effectiveness of these measures. Simple
management measures can be proposed by limiting transport pathways when adverse effects are likely to occur,
and by disseminating hygiene advice to limit the population exposure to dust or contaminated soil, especially
for sensitive populations. In addition, the memory of sources and contaminated zones is maintained by
informing future developers and residents, in case of change of use in particular. Finally, in terms of
administrative and regulatory management, land-use restrictions may be recommended and implemented to
lock in uses compatible with the state of the environment, in particular while waiting a management plan.

3.5. Ecosystem assessment

Regarding the third case study, environmental assessments of ecosystems have primarily considered
ecologically significant areas based on the presence of protected species through a documentary vulnerability
assessment. As mentioned in the report related to this case study, a specific study on local biodiversity and
species distribution would complement this assessment.

Furthermore, ecological approach could be combined to chemical and ecotoxicological approaches to
assess ecosystems risks. The standardized method for soil quality assessment (ISO 19204:2017) describes the
procedures for implementing various tools derived from these three distinct approaches and thus characterizing
risks for living organisms. On top of that, ecosystem assessment has become fundamental within the
framework of the European Soil Monitoring Law, as it makes it possible to quantify soil health through their
biological functions and their capacity to provide essential ecosystem services, such as carbon sequestration
and water cycle regulation (EU, 2025). As with human health risk assessment, ecosystem risk assessment could
serve as a decision-support tool for managers and thus contribute to assessing the environmental impacts of
former mining sites.

4. Conclusion

Analysis of three case studies confirmed the relevance of health and environmental assessments as decision-
making tools, supporting recommendations such as site-specific management plans and measures to reduce
exposure.

These studies are based on current knowledge, and the results of these studies are associated with
uncertainties, mainly related to the predictive estimation of population exposures. The measured
concentrations in exposure media, as well as the toxicity of the pollutants to which populations are exposed,
constitute key parameters. Bioaccessibility can reduce uncertainties in decision-making, by providing more
realistic estimates of exposure and risk levels. However, the recent evolution in the assessment of inorganic
arsenic toxicity may challenge the relevance of bioaccessibility measurements for this metalloid.

Additionally, with regard to the ecosystem assessment, future approaches could evolve toward integrated
methodology combining chemical substance analysis, ecotoxicity of environmental matrices, and ecological
evaluation.

More generally, the evolution of scientific knowledge and of the climatic context could ultimately lead to
the updating or supplementation of these studies, in order to ensure the robustness and sustainability of their
conclusions and thereby confirm the relevance of the management measures.
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Abstract

Shallow underground mining in Europe have left significant voids in the rock mass. These voids pose a risk
of sinkholes in abandoned mine areas. They also pose a common hazard to buildings, road and rail
structures. Methods for monitoring the stability of voids are severely limited due to the lack of direct access
to abandoned mine workings. Therefore, the only rational way to control the behavior of underground voids
is to document and monitor the phenomena and processes occurring in the rock mass within areas of shallow
mining. Phenomena that require documentation include sinkhole occurrences, spatial characteristics,
processes occurring in the rock mass surrounding the voids under the influence of water content and the
impact of dynamic loads such as groundwater flows and vibrations generated by seismic waves. The
research project "Sinkhole hazard and risk management in post-mining areas" (SIRIMA) is dedicated to
standardizing research, monitoring, and sinkhole risk management methods in abandoned, underground
mines. The project is partly funded by the European Union under the Coal and Steel Research Fund (RFCS)
and covers post-mining regions in France, Spain, Germany, and Poland. This paper presents methodology
and the first results obtained in project.

Keywords: Environment, Post-Mining, Sinkholes, Hazard, Monitoring
1. Introduction

As a result of underground mining, various types of surface deformations are observed. They are divided
into continuous and discontinuous. Continuous deformations may take the form of subsidence and uplift and
cover large areas of land. Subsidence usually occurs during mineral extraction and lasts for a certain period
of time after its completion (usually up to 5 years) (Dudek et al., 2022; Tajdus et al., 2021; Kwiatek 1998). In
a longer period of time, and also when the drainage of the rock mass ceases (after mine closure) , a partially
reverse process may occur, i.e. land uplifting (Tajdus et al., 2023; Kotyrba et al., 2024). The flooding of
shallow mines creates the highest risk of sinkhole occurrences. The water saturation changes the physico-
mechanical properties of rocks and initiate secondary collapses of voids in the rock mass can which travel to
ground surface. This, opens up the possibility of sudden ingress of water from surface floods into
underground voids.

In areas where mining origin subsidence has previously occurred, the reverse process such as uplift,
should not affect the development of the area due to its small rate. The situation can be different in areas of
former, shallow mining. In these areas there are large amounts of empty cavities left in the ground, filled
with gas (air) or water. The voids left may have various spatial shapes, from simple to very complex ones.
The risk of sinkholes is particularly high when the water flooding the mine approaches the rock mass top.
This phenomena is observed in many post-mining regions. It should be mentioned here that the sinkholes
may appear in areas where no mining operations were carried out. The origin of such events lies in the wash-
out of near surface material by natural or anthropogenic waters infiltrating the soil. Such processes create
voids in sub-soils which can cave in and appear as the sinkholes at the surface.

* Sorumlu Yazar: Tel: +90 (212) 1234567 Faks: +90 (212) 1234567
E-posta: ssiwek@gig.eu (Siwek S), akotyrba@gig.eu (Kotyrba A.)
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Sinkhole can be hazardous to human life and property due to its tendency to occur without warning.
(Singh et al., 1997; Papadopoulou-Vrynioti et al., 2013). The risk depends on various factors. The main ones
are: the methods of mining, the dimension of voids created, the depth of exploitation, the thickness of strata
in overburden, the presence of geological disturbances, in situ stresses, surface topography, the nature of the
overburden, and the solubility of rocks. Changes in groundwater levels, precipitation (climate change with
extreme events) and earthquakes favour their occurrence. In Poland there is no clear definition or limit
determining from what depth the void can migrate to the surface. However, most sinkholes occurred in
places where the mining works were carried out to a depth of 100 m (Kotyrba 2005). It is observed that they
are especially numerous in regions where mining works were carried out shallower than 50 m below the
ground surface.

The SIRIMA project focuses on increasing knowledge and experience related to the surface stability on
post-mining areas in EU Member States. The main objective of the project is to reduce the occurrence of
uncontrolled and unexpected movements of the Earth's surface in the areas of abandoned, shallow coal mines
during their flooding. To achieve this, SIRIMA encompasses six Work Packages (WP1-WP6), covering
project management, database development, analysis of mine flooding impacts, sinkhole hazard modelling,
machine-learning-based predictive tools, as well as dissemination and exploitation activities (fig. 1). It is
assumed that cooperation between partners from France, Germany, Spain, and Poland will significantly
expand knowledge on the mechanisms responsible for sinkhole formation and their consequences, while also
contributing to improved hazard and risk assessment methodologies.

RFCS SIRIMA

WP1: Project management and coordination

WP2: Data bases creation
and advanced analysis

WP3: Mine flooding impact
on surface instability

WP4: Sinkhole hazards and risks
related to shallow mine workings

WP5: Machine learning
modelling

WP6: Valorisation, dissemination and exploitation of the results

Figure 1: Graphical presentation of the SIRIMA project workflow

As part of the RFCS SIRIMA project, research and environmental monitoring are being carried out in three post
mining regions. Two of them are located in areas of abandoned hard coal mines in Poland, while the third site is situated
within the area of an abandoned ore mine in Thil (Lorraine, France). Both areas located in Poland lie within the Upper
Silesian Coal Basin (USCB), where hard coal mining is still ongoing. Current mining operations are concentrated in the
central and south eastern parts of the region. The northern and eastern parts have already been decommissioned (fig. 2).
For this reason, dewatering of the rock mass has been discontinued in these zones. The rising groundwater level,
combined with previous mining activities, poses a threat to the safe use of the land surface by local residents. Within the
SIRIMA project, analyses of data obtained from these locations are being carried out to develop an optimal monitoring
system for regions exposed to sinkhole hazards.
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Figure 2: SIRIMA Test Sites: Siersza and Kazimierz-Juliusz on the background of active and abandoned
mines in the Upper Silesia Coal Basin, Poland.

The work carried out in these research areas is complex. It also includes the development of 2D/3D numerical
models using various software tools (FLAC3D, RS2, 3DEC, Abaqus). As these activities progress, models and analyses
are expected to be created that will enable the assessment of conditions leading to sinkhole formation in post-mining
areas. At the same time, machine learning (ML) and deep learning (DL) algorithms are being applied in the study. The
analysis is based on provided archival data as well as data collected from already operating research infrastructure
(Kazimierz-Juliusz) and newly established infrastructure (Siersza). The use of machine learning methods supports the
forecasting of sinkhole hazards in post-mining regions. Within the project, a database of sinkholes from Poland, France
and Germany (1,814 cases) is being integrated, containing geological information, mining data and geometric
parameters of sinkholes. The data have undergone standardization, cleaning and gap-filling using methods such as K-
Nearest Neighbors Imputer (KNN) and Iterative Imputer (IT), ensuring consistency and high analytical quality. The
results of the ML/DL models will form the basis for work on hazard mapping, vulnerability assessment and the
development of decision-support tools.

2. Objectives and methods

The main goal of the SIRIMA project is to enhance the risk management on areas of abandoned deep mines using
new observation systems and data analysis tools. The main objectives specified in project are:

. The creation of an European database of sinkhole and the analysis of the conditions of the occurrence of the
sinkhole to better manage the hazard in the future by the coal region in transition.

. Study the impact of mine flooding on surface instability.

. Identification of sinkhole hazards and risks related to shallow coal mine works.

*  Developing a machine learning model to help the different post-mining actors to better predict the sinkhole
hazard, this new tool is very useful for the hazard with limited data and information.

*  Proposing an operation monitoring tool, integrating the communication of the hazard to public and decision
makers.

*  Developing an operational guideline for the mining authorities, stakeholders, etc.

The objective of the guidelines being prepared at the end of the project (item 6) is to incorporate sinkhole hazards
into the risk-management system and the sustainable development of coal regions undergoing transition and intended
for post-mining land use. To protect the surface of post-mining areas and to correctly assess changes occurring in the
subsoil of regions where groundwater level is being restored, continuous monitoring is essential. The implementation of
the European RFCS SIRIMA project addresses this challenge by combining harmonized spatial data on mining and
sinkhole locations with multi-sensor monitoring data from areas threatened by discontinuous deformations (sinkholes).
The integrated databases have enabled the development of a publicly accessible web service presenting post-mining
regions in EU where coal extraction was carried out at shallow depths and where sinkholes may pose a significant
hazard to the safe use of the land surface (fig. 3).
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Figure 3: Map of abandoned coal mines with A: shallow mining areas in area of Lyon and B: sinkholes
recorded in selected area of the Upper Silesian Coal Basin (USCB).
Data available at https.//sirima.gig.eu/integrated-map/.

The monitoring system for post-mining areas developed within the project, integrating four
complementary methods — seismological, hydrogeological, gravity, and geodetic observations (including
satellite-based techniques) — makes it possible to track changes occurring in the rock mass during the
restoration of the groundwater level.

On both test sites in Poland the monitoring system was deployed. It consists of: piezometers,
seismometers and ground monitoring points (geodetic benchmarks) for annual GNSS and gravimetric
campaigns. For both research sites, detailed analyses of surface deformation are being carried out using
satellite radar interferometry (InSAR) techniques. Below we present the monitoring system components that
were installed at the Siersza Test Site for the SIRIMA project. This area was selected due to the numerous
(85) sinkhole processes observed between January 2019 and the end of 2025 in this area (fig. 4).

border of abandoned
Siersaa mine

%, shailow coal explotation
® - sinkholes from 01.01.2019
SIRIMA scismic station

- SIRIMA shallow automatic
plezometers (1st level)

— —
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Figure 4. Location of 85 sinkholes and monitoring system components in the area of the abandoned Siersza
Coal Mine.
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Hydrogeological monitoring is carried out using three automated piezometers designated as Trzebinial,
Trzebinia2, and Trzebinia3 (blue triangles in fig. 4). As part of the SIRIMA project, the entire process of
developing and installing this measurement equipment was completed. The purpose of the research is to
observe changes in groundwater table levels within the area affected by emergency dewatering operations
conducted by SRK S.A., implemented due to the sinkhole hazard associated with shallow historical coal
mining in the abandoned Siersza mining area in Trzebinia. Through continuous observations of groundwater
level fluctuations, the aim is to identify a direct relationship between these changes and the timing of
sinkhole occurrences at the surface, where shallow coal mining took place in the past. The monitoring
stations were located in such a way that, in addition to providing scientific data for the project, they also
contribute to improving land-use safety for local residents.

The installation of this system at the three sites included geological works—drilling piezometer boreholes
designated P1, P2, and P3—and the provision of automatic measurement stations, which were subsequently
labeled TRZEBINIA1, TRZEBINIA2, and TRZEBINIAS3 (fig. 5).

Figure 5. Photos documenting the installation of the TRZEBINIA2 automatic hydrogeological station at the
Siersza test site of the SIRIMA project.

The installed measurement systems enable the collection of groundwater table data at a defined sampling
rate (from 1 second to 24 hours) and the remote transmission of data to a server, where they are stored. Each
set includes an integrated sensor for water level, temperature, and conductivity, as well as a data logger with
a built-in power supply and a charging system powered by photovoltaic panels, all placed in a sealed and
tamper-proof housing. The recording unit is powered by a solar panel, and in the event of a failure or
insufficient sunlight, it is supported by a battery that ensures the device can operate for up to 7 days. Current
parameters from the piezometric stations are available through a dedicated web application.

The seismological monitoring system installed at the Siersza test site complements the Upper Silesian
Regional Seismological Network of GIG-PIB (GRSS GIG-PIB). This network consists of 39 measurement
stations distributed across the Polish part of the USCB in areas of seismicity induced by mining (Dubinski et
al., 2020). It enables the recording and cataloguing of seismic events with a local magnitude greater than M =
1.5. The accuracy of epicentre location is estimated at 1 km.

The installation of three seismological stations at short mutual distances (approximately 1 km) and of
high sensitivity enhances the monitoring capabilities. The purpose of their installation is to record very weak
seismic events and to correlate ground vibrations originating from induced seismicity caused by mining
operations in coal mines located approximately 7—12 km to the west (Sobieski Mine) and southwest (Janina
Mine) with the timing of sinkhole occurrences at the Siersza test site. Therefore, GeoSIG VE 53 triaxial
seismometers with the following specifications were installed:

* sensitivity: 1000 V/m/s;
* frequency range: 0.9 Hz to 89 Hz
* dynamic range: > 125 dB (0.9-15 Hz) and > 120 dB (0.9-30 Hz)
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These two systems (hydrogeological and seismological) make it possible to observe the dynamic changes
occurring in the geological medium as natural groundwater levels are restored and as short term ground
vibrations take place, and they operate continuously.

Changes occurring over longer time periods are monitored through periodic gravimetric surveys,
supplemented by ground based GNSS geodetic measurements and analysis of archival and current satellite
images (InSAR). The purpose of these measurements is to observe temporal changes in the distribution of
mass within the rock mass. The rising groundwater table and the filling of post mining voids lead to an
increase in the mass of the rock mass, which affects the local gravity field. Observations to date at the
Kazimierz Juliusz test site (Kotyrba et al., 2024) indicate that gravimetric monitoring is a very effective tool
for identifying areas where mass changes result in the accumulation of stresses. Such areas may become
zones where surface deformation phenomena (e.g. sinkholes) concentrate, posing a threat to land users.

Figure 6 shows a network of 54 measurement points established for the implementation of this task. The
distribution of the points covers the entire area affected by the conducted mining operations, including the
town of Trzebinia and the surrounding localities. The points, in the form of stabilized geodetic benchmarks,
are arranged in a grid with a spacing of approximately 1 km.
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Figure 6: Gravimetric measurement grid on the selected Test Site in Poland. The grid mesh is ~1000 m.
3. Results and Discussion

During the first 18 months of the SIRIMA project implementation, work was carried out related to the
construction and installation of automated measurement equipment for recording groundwater table
fluctuations within the Siersza test site. The project is currently in the data collection phase. From the
moment the systems were launched and continuous monitoring began, no new sinkholes occurred within the
area of shallow coal mining until the end of 2025.

During this period, the observed changes in the groundwater table are relatively small, but differences
between individual piezometric stations are noticeable. In the Trzebinial and Trzebinia2 piezometers,
changes reflect the combined behaviour of Carboniferous waters (from the Carboniferous formations where
hard coal mining was conducted) and Quaternary waters. It should be noted that after the series of sinkholes
that occurred at the end of 2022 and in the first quarter of 2023 (37 sinkholes in 7 months), emergency
pumping of water from the mine workings was initiated in order to slow down or stabilise the rate of
groundwater rise. Pumping began at the end of May 2023. From that moment until the end of 2025 (32
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months), approximately 50 additional sinkholes occurred. In the Trzebinial piezometer, the influence of this

drainage activity is clearly visible, and the groundwater level fluctuates periodically within a range of +0.15
m (Fig. 7).

Trzebinial
Date

4.03.2025

310,75

3.04.2025

3.05.2025

2.06.2025

2.07.2025

1.08.2025 31.08.2025
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30.09.2025

30.10.2025

29.11.2025

29.12.2025

28.01.2026

310,7

310,65
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310,5

310,45

Figure 7: Groundwater table fluctuations in 2025 at monitoring point Trzebinial.

The situation is different in the Trzebinia 2 piezometer, located farther to the west. Since the moment it
was put into operation, a continuous and gradual rise in the groundwater table has been observed there
(Fig.8). Over a period of nine months, this increase amounted to 0.56 m. This clearly indicates that at this
point the influence of drainage activities is limited and most likely only slows down, rather than stops, the

upward movement of the groundwater level. Due to the short duration of the measurements, the presented
hypothesis requires confirmation.
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Figure 8: Groundwater table fluctuations in 2025 at monitoring point Trzebinia2.

As part of the gravity and geodetic survey campaign, the first measurement series was carried out in 2025.
The gravimetric survey was conducted in August and September 2025. Having the point’s heights from
geodetic survey, we were able to construct Bouguer anomaly distribution map (epoch 2025.718 ) depicted in
Fig. 9. The field gravimetric measurements are conducted by ranging, where the daily measuring cycles were
referenced to a local base point. The value of the gravity force g in base point was assumed as constant and
linked to earlier gravimetric studies in this area.
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Fig. 9: Gravity, Bouguer anomaly distribution in Siersza Test Site for epoch 2025.718.

The image of the distribution of the [g values is dominated by the negative anomaly in the centre of the
site. It corelates with the shallow coal extraction zone and the sinkhole occurrence. The anomaly in the
south-eastern corner is probably partially connected shallow exploitation (within magenta polygon) and
partially with the presence of a local river valley here and hence less dense material in the layers closer to the
surface. This fact will become less significant since switching to differential maps after the 2026
measurement campaign.

4. Conclusion

The SIRIMA project demonstrates the effectiveness of integrated monitoring systems in understanding
sinkhole mechanisms in post-mining regions. Early results confirm strong relationships between
hydrogeological changes, seismicity, and deformation processes. Further development of predictive tools and
continuous data integration will significantly enhance safety and land-use planning in European post-mining
areas.
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Geotechnical Aspects of Mining and Postmining
Frank Otto !

! GGT GbR, 45897 Gelsenkirchen, Germany

Abstract

End of 2018 Germany stopped hard coal mining. This means not the end of efforts to repair the geotechnical
damages caused by more than two centuries of mining. One aspect was the firefighting on waste dumps from

coal mining and coal processing. Actual in Germany some dumps are only still warm. The firefighting with

suspensions and covering with soil were successful. One critical aspect, there are some ten thousand openings
to day ground from mining only in North Rhine-Westphalia. Many of them are in unknown condition and
probably dangerous. Another aspect is the water inside the abandoned mines. The German solution for water
coming from coalmines is expansive but it is under control. The same experience we have with the next aspect,

the water management in subsided areas. In some other countries, we are or were involved in solving the
problems with burning dumps and coal seams from lignite mining (Turkey) and with AMD (Acid Mine Drain-
age) in South Africa. There in South Africa is another aspect in the instability of pillars and roof because of
room-and-pillar-mining near to surface. Together with the Geological Survey of South Africa, we found a

solution to stabilize the pillars and to avoid AMD.

Keywords: Environment, Mining, Post-Mining, Rehabilitation

1. Introduction

Mining, especially hard coal and lignite mining, causes a lot of geotechnical damages. In Germany and some
other countries these damages need to be repaired while mining is still going on and when mining has stopped.
We were and partly are involved in finding solutions for the following aspects:

- Waste dumps from coal mining and processing burned in Germany (Fig. 1, 2 and 3) and China and are
still burning in Poland and Turkey. In China the waste dumps from hard coal mining are not burning
anymore (vocal information by CCTEG Germany). In Germany we found different solutions for the
firefighting in Ruhr Area.

In Silesia, Poland, some waste dumps from hard coal mining and processing are still burning. Fire-
fighting is not finished in the moment (vocal information by KOMAG, December 2025).

Next to Soma in Turkey dumps from lignite (brown coal) mining and processing are still burning (Fig.
4 and 5) (own pictures from 2016).

- The burning of coal seams is still a serious problem in the northwest area of China but also in the area
around Soma in Turkey (Fig. 6, 7 and 8).

- Inthe past the openings to the surface of underground mining operations were filled with soil from the
surrounding area when the shafts were abandoned. Only in Ruhr Area are more than 20,000 former
shafts, more than 60,000 in North Rhine-Westphalia. Often the stability of the filling is unknown or
critical (Fig. 24 and 25).

- The level of the surface of subsided areas often is below the natural level of ground water table. In this
case there are three opportunities:

o filling up this area to get a surface above ground water table (partly in China, in Kazakhstan,
partly in Germany)

o do nothing and there is a lake (partly in China with lakes up to 100 km?)

o groundwater management with pumping (German solution)

* Frank Otto: Tel: +49 (0) 171 67 28 500
E-posta: frank.otto@ggtgbr.de
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Fig. 1: Air photo and infrared photo fro rng dump Rheinelber(DMT GmbH)
Fig. 2: Air photo and infrared photo from burning dump Graf Moltke (DMT GmbH)
Fig. 3: Photo with snow on burning dump Graf Moltke (own picture)

Mine water normally is mineralized. In Germany in the area of Dortmund upcoming mine water has a
very high content of Iron 2" and flew into the next small river called Kirchhorder Bach. In contact with
Oxygen, it became Iron 3" and contaminated this small river. Here we had to find a solution to reduce
the content of Iron (Fig. 9 and 10).

In South Africa, province Mpumalanga, AMD (Acid Mine Drainage) is a serious problem for farmers
and the municipality (Fig. 11 and 12). Due to fresh surfaces caused by mining activities the Pyrite
inside the sandstone oxides and combined with rain water Sulphur acid washes out. Additional this
Sulphur acid solutes heavy metals like Mangan, Chrome and Iron. In rain season this water colors the
next river brown. In dry season the banks of the river became white because of the metal salts.
Another very serious problem caused by coal mining in the system room-and-pillar is the instability
of the pillars and the roofs (Fig. 11, 13 and 14). This causes subsidence at the surface, sometimes even
in cities.

e X . 5 : =

Fig. 6, 7 and 8: Steam coming from cracks in the landscape above an abandoned lgnite mine nerSoma, Tukey
(own pictures)
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Fig. 9: Mine water with high content of Iron 2+ coming to the surface (own picre)
Fig. 10: Mine water entering Kirchhorder Bach near Dortmund, Germany (own picture)

B K
Fig. 11: Acid mine water above a collapsed room-and-pillar coal mine, province Mpuma-
langa, South Africa (Henk Coetzee, Geological Survey of South Africa)

Fig. 12: Acid mine water with a temperature of 38° C coming to surface, province Mpuma-
langa, South Africa (own picture)

N

E

Fig. 13: Subsided Ae in Mpumalanga, So al Survey of South Africa)
Fig. 14: Subsided Areas in Mpumalanga, South Africa (Henk Coetzee, Geological Survey of South Africa)
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2. Materials and Methods

Each of the above introduced aspects and problems needs a special solution individual for each area. A very
important factor are the costs of reparation damages. Normally reparation starts when mining has finished. The
former owners of a gallery often are not available and no institution is responsible for paying. In such cases
often the government has to pay.

2.1.Firefighting on burning Dumps from Coal Mining and Coal Processing

Dumps from coal mining and coal processing were developed in four generations. The first generation was a
so called “Steep Slope” (Spitzkegelhalde) (Fig. 15). The second generation was a so called “Table Mountain”
(Tafelberg) (Fig. 15). Common for both generations were the low quality of coal processing which causes in
many cases a content of coal inside the waste dumps of more than 20%. Additionally, the material was tipped
over the high edge which leads to a segregation of the waste. The coarse size stones built the bottom of the
dumps covered by smaller sized material on the top. Oxygen could enter the dumps at the bottom (Fig. 16) and
in combination with Pyrite this leads to high temperature and self-ignition of the coal.

Dump generations three and four were built with trucks without segregation of the material and compacted by
trucks and dozers. The permeability for oxygen is very low. Additionally, the processing of coal became a
higher quality and the content of coal inside the dumps became less than 7%. Self-ignition of hard coal needs
a minimum content of coal of 11%.

This is the reason why only dumps of the first two generations burned in Germany. In one case more than 750°
C were measured in a depth of only 5 m below the surface of the dump.

ehalden der 2. Genera tion

Bergehalden der 1. Genera Ber
"Spitzkegelhalden", einfach "Tafelberge”, mehrfach gradiert,
gradiert, B = 35 - 40° B = 35 - 400

Fig. 15: Dumps of the first two generations
Fir. 16: Oxygen entering a dump with segregated material

2.1.1. Firefighting with covering the burning Dump

Firefighting with water or inert gases like CO- or N; didn’t stop the fire. Immediately after stopping the water
or gas, burning started again. Only the stop of oxygen entering the dump stopped the fire. Therefore, dump
Rheinelbe in Gelsenkirchen was covered with one million tons of soil on one slope and a gabion wall was
constructed on another slope (Fig. 17 and 18).

Fig. 17 and 18: Covering dump Rheinelbe with soil and gabion wall (own pictures)
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2.1.2. Firefighting with Injection of Slurry

On dump Graf Moltke in Gladbeck was not enough space around the dump for covering with soil. In this case
we decided to do the firefighting with an injection of a special slurry to install a fire wall inside the dump (Fig.
19 and 20). From special construction sites we got the waste from Jet Grouting. This is a mixture of water,
cement and fine sized soil, mostly silt and clay.

In drill holes inside the dump special sleeve pipes were installed (Fig. 21). Every half meter, in some cases
every third meter, the iron tubes had four holes with diameter one cm covered by a rubber sleeve. With a
double case packer (Fig. 23), it was realized, that slurry was injected from the bottom to the top step by step
with a pressure of 60 bars (Fig. 22). With this system a fire wall inside the dump was erected to stop the income
of oxygen.

Anordnung der Bohrungen , Haldeneingang® (Geldndeschnitt) Schemaskizes toptmaler Bausto Tricgetd

(Gelindeschnitt)

TB 1 KB4

Industriegebiet

Injektionsbohrungen mit Ventilrohren = \ e W

Fig. 19 and 20: Scheme of injection tubes (own pictures)

1 Bohrlochwand

2 Ventilrohr

3 Geoffnetes Ventil
4 Doppelpacker

5 Sperrmittel
6 Austritt Injektionsgut

7 Schlauch zur Expansion des Packers

Fig. 22: System with sleeve pipe and double case packer (own picture)
Fig. 23: Double case packer (own picture)

2.2.Firefighting of burning Coal Seams

The only way to stop the fire inside a burning coal seam, hard coal or brown coal, is to erect a fire wall inside
the seam.

In a first step a good mapping is needed: The topography is important for planning the places where the drilling
equipment can be placed, the dipping of the coal seams must be known for calculating the deep of the drillholes
and the knowledge about the overburden (sandstone, siltstone or claystone) is useful.

In a second step lines of holes must be drilled in a safe distance to the fire front. Sleeve pipes should be
cemented in these holes.

In the third step slurry should be pressed with more than 60 bars into the underground to erect a fire wall. To
minimize the costs for the slurry, I suggest for Soma as an example to proof a mixture consisting fly ashes
from the local power plant and water. Here some laboratory tests are necessary to find a flowable mixture with
enough strength after hardening.

In a fourth step a monitoring system should be installed with drill holes behind the fire wall in the underground.
Here the development of temperature and the content of gas should be measured. A rising concentration of
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Carbon Hydrogen, for example Methane, is a sign for a coming fire because a fire in a coal seam works like a
cookery. If there is a rising amount of CO, without Carbon Hydrogen it is a sign that the fire has passed.

2.3. Stabilization of Openings to Surface

To avoid sudden sinkholes on the surface caused by collapsing shaft fillings, a lot of work is necessary to
secure these abandoned shafts. With more than 20,000 abandoned shafts from coal mining only in Ruhr Area
it is a very expansive task which takes a lot of time.

2.3.1. Stabilization with Concrete

If the exact position of an abandoned shaft is known, it is possible to drill holes into the filling of the shaft
from beside and press concrete into its filling. With this system the filling of the shaft is stabilized at its top,
maybe up to twenty or fifty meters.

This stabilization with concrete is the best method for longtime stability. But it needs knowledge about the
exact position of the former shaft and is very expansive. And it needs time.

2.3.2. Secure with Geogrids

The exact position of abandoned shafts filled with soil more than 50 years ago often is unknown. Existing
maps show a position sometimes in a circle with radius up to 15 m (Fig. 24 and 25). In such a case it is
impossible to secure the shaft filling with concrete pressed into drillholes from beside. Here it is necessary to
secure the former shaft against accidents and sudden openings at the surface.
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Fig. 24: Area of the abandoned shafts in Recreation area Botanical Garden Rombergpark Dortmund (Diplom
thesis Annika Lining)

Fig. 25: Chief mine surveyor Hermann Miihlenbeck pointing on an abandoned mine shaft in botanical garden
Rombergpark Dortmund (own picture)

With the use of Geogrids, it is possible to secure the surface of abandoned shafts against accidents (Fig. 26).
Therefore, the surface should be excavated in the area where the former shaft is located. Normal is minimum
one meter depth. After that the Geogrid-Layer is to fix on this plane and covered with soil again. If a collapse
of'the filling of the shaft occurs, the Geogrid secures the surface and only a small subsidence shows the collapse
in the underground. After this the exact position of the former shaft is visible and a final stabilization with
concrete like describes above is possible and necessary.

With Geogrids it is possible to save money and to win time. Maybe the collapse of the shaft filling will occur
in some days, in some years or never. The very expensive stabilization with concrete will be only necessary
when the filling is collapsed.
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1 Geokunst-
stoff

Erdeinbruch Untergrund

Fig. 26: Scheme and declaration of a filled shaft secured with geogrids (EBGEO, 2010)

2.4. Management of subsided Areas

Looking on subsided areas in different countries, I found three opportunities to deal with this aspect. In China,
Province Jiangsu, they fill the subsided areas up to the former level of the landscape. If there is not enough
material, they leave a lake below the natural groundwater table.

In Germany, especially in Ruhr Area, it is not common to fill subsided areas. It was a surprise to find a subsided
area in the north part of Ruhr Area which was filled with mine waste, covered with soil and actual used for
agriculture.

In Karaganda, Kazakhstan, big areas are in a filling process with waste from coal mining and processing.
Another way to deal with subsided areas is to do nothing. In China I found a lake in a subsided area with a
surface of 100 km? and at that moment between six and ten meters deep. Other lakes in Province Jiangsu
around Xuzhou are well designed like parks.

The deepest lake in a subsided area I found in Slovenia above Velenje brown coal mine. It is more than 100
meters deep now.

In Germany, especially in the Ruhr Area, one third of this area where more than four million people live, is
below the natural groundwater table. In some parts the subsidence is more than 24 meters. Because of the
inhabitants and the industry in that area, pumping of the groundwater is necessary.

2.4.1. Filling of subsided Areas

The filling of subsided areas causes a lot of new problems. Which material is available? How can the filled
area be used in future?

Often the waste from coal mining and coal processing is available and used to fill up subsided areas. This
material is available and cheap. But it contents in most cases about Sulphur and heavy metals. In contact with
water, groundwater or rain, Sulphur Acid leaches the heavy metals and contaminates the groundwater. In
China, Province Jiangsu around Xuzhou, minimum one meter of clay should cover the mine waste and prepare
the area for agriculture use.

2.4.2. Lakes in subsided Areas

If there is not enough material available to fill up subsided areas, sometimes, especially in some Chinese re-
gions, the surface of an area will sink below the natural groundwater table. These areas will be flooded and
lakes dominate the landscape. In such cases it is important to take out all things which may contaminate the
water in the future lakes.

Near to cities like Xuzhou, Province Jiangsu in China, it is possible to create parks around the lakes caused by
underground mining.

2.4.3. Pumping of Groundwater in poldered Areas

In Germany, especially in Ruhr District, nearly one third of the area is now below the natural groundwater
table. In some cases, the surface is now 24 meters deeper than before mining. But in this area live more than
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four million people and many industrial sites are located there. Filling up these areas or to flood it is not
possible.

The groundwater management in Ruhr District consists about 160 pumping stations (Fig. 27) which pump the
groundwater from horizontal drainage systems into the next small river like Emscher (Fig. 28). Pumping round
about 100 million cubic meters of water per year causes costs about 80 to 100 million Euro per year.

Fig. 27: In Ruhr Area exist about 160 pumping stations like in the picture. Without pumping the water table
will rise up to 7 meters above the dyke (own picture).
Fig. 28: With three tubes the groundwater is lifted above the dyke (own picture)

2.5.Mine-Water Management

Mine water in Germany is high mineralized. To avoid a contact between mineralized mine water in the depth
and fresh groundwater in upper layers, the mine water is pumped in some former shafts into the river Rhine.
Amount of water and costs are similar to the groundwater management: 100 million cubic meters for around
100 million Euro per year.

2.6.  Acid Mine Drainage (AMD) and Collapse of Roof-and-Pillar Mining

In Province Mpumalanga, South Africa, AMD from abandoned coal galleries is a serious problem (Fig. 11 and
12). Here it is combined with instable room-and-pillar mining (Fig. 13 and 14). With a low-cost system using
fly ashes from power plants in that region both problems can be solved. First tests were done to proof the
stability of the material after hardening (Fig. 29). Similar tests were done in laboratory of THGA (Technische
Hochschule Georg Agricola) in Bochum, Germany. The results show, it is possible to stabilize the pillars and
roofs to avoid sinkholes.

Fig. 29: Test field wt a slurry with fly ashes from power plants (Henk Coetzee, Geological Survey of South
Africa)
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The slurry from fly ashes mixed with AMD has a high pH and is able to neutralize the low pH of AMD.
Additionally, the new surfaces on coal pillars and surrounding sandstone, bottom and roof of mined seams, is
covered with this slurry. Sulphur will not get in contact with oxygen and will not leach as Sulphur Acid.

Table 1: Results from testing slurries with local fly ashes from power plants (Henk Coetzee, Geological Survey
of South Africa)

Leachability of

Optimal AMD:Ash : Engineering
: . potentially hazardous . .
ratios determined for properties tested in
neutralisation CBUMEDNEES OF field pilot
determined (MWLP)
o ) o ) o )
. Local fly ash does not
Relatively large .
contain many of the Flowable slurry can be
amounts of ash .
| needed —large solid — hazardous — produced using ash
) constituents and AMD
residue volume
suspected
. S . S
4 ) 4 ) 4 )
Ash is effective at Some constituents Materlgl streng‘Fh can
S . be adjusted with a
— neutralisation. SO,, — (Ba, V) are leached in —
small percentage of
Mn not removed local AMD
Portland Cement
. S . S . S

3. Results and Discussion

One very critical point in areas with coal mining or in postmining areas are the costs. With innovative solutions
it is possible to repair damages caused by coal mining and processing. It is necessary to give inhabitants a save
area.

Fly ashes from power plants are available and less expansive than cement. In other fields modern elements
like geosynthetics help to reduce the costs.

4. Conclusion

The most important task in areas with running or abandoned coal mining is a save environment with stable
ground, clean water and fresh air. With geotechnical solutions it is possible to stabilize ground against sink-
holes above abandoned shafts or room-and pillar mining. Acid Mine Drainage (AMD) can be stopped. The
firefighting on burning dumps and in burning coal seams is important to reduce air pollution.

Other damages or problems we had to solve are very special and not in this paper. In 2004 for example we had
to solve the problem of acceleration of Methane inside cellars of houses. Since that time in cities Bochum and
Dortmund, Ruhr District Germany, it is only allowed to build new houses if it is proofed that there is no
Methane or the houses are protected against entering of Methane into cellars. To reduce the costs of this pro-
tection we developed a system with geosynthetics.

Other tasks are the stability of dumps and tailings in times of climate changes. It is necessary to proof if dumps
and tailings will be save in a very strong rain event.
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Reclamation Plan for Eiias’s Mining Areas After Mining Operations
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1 Directorate of Mining Areas, The Electircity Generation Corperation, 06510 Ankara, Tiirkiye
Abstract

EUAS carries out electricity generation, wholesale trade, and electricity procurement activities on behalf of
the public. It conducts the operation, maintenance, repair, rehabilitation, and modernization of its power
generation facilities and mining areas. Additionally, it carries out the necessary technical work to make the
mining sites under its legal license available for investment.

The regulation and ecological restoration of decommissioned coal mining sites are integral parts of mining
activities. In this context, reforestation activities began in 1987 at the Kislakoy Mine of the Afsin-Elbistan
Lignite Basin owned by EUAS, following the completion of mining operations. A restoration plan covering
the period from 2011 to 2044 was prepared for this area. Afforestation efforts aimed at restoring the
excavation and dumping areas of the South Aegean Lignite and Yenikdy Lignite Enterprises, licensed to
EUAS, started in 1991 following the conclusion of mining activities.

In this study, information will be provided about the afforestation activities carried out in the licensed areas
of EUAS.

Keywords: Lignite, Rehabilitation, Afforestation Activities
1. Introduction

More than a quarter of the world’s energy demand and approximately 40% of electricity production are
met by coal. It is estimated that the known coal reserves will be sufficient for more than 200 years, based on
the 1990 production data. This duration is approximately four times longer than the period estimated for
natural gas or oil. Even for countries without fossil fuel reserves, coal imports are considered safer than oil or
natural gas imports due to the wide availability resulting from its broad geographical distribution worldwide.
For these reasons, the dominance of coal in electricity production is expected to continue increasing
(Cakiroglu 2001).

The Afsin-Elbistan Lignite Basin, which holds the largest potential among our country’s lignite deposits,
spans an area of 120 km? between the districts of Afsin and Elbistan in Kahramanmaras province. Our
Kislakdy Open Pit Mining Operation covers an area of 28 km? and is situated at approximately 1150 meters
above sea level.

The initial studies in the Afsin-Elbistan Basin began in 1966 through German technical assistance, in
collaboration with the German company Otto Gold GmbH and the Mineral Research and Exploration
Institute (MTA). As a result of systematic drilling, the first Lignite Deposit was discovered in 1967.
Feasibility reports for the basin were prepared in 1969-1970, and investment activities commenced in 1973.

As a result of the studies and explorations conducted throughout the basin, 4.3 billion tons of proved
reserves and 3.4 billion tons of mineable reserves were identified. These reserves consist of three main
sectors named Kislakoy, Afsin, and Collolar, along with their extensions. The Kislakdy Open Pit, known as
the Afsin-Elbistan (A) Project, represents the first open-pit operation of the basin, and it was determined that
this area contained approximately 582 million tons of lignite reserves as of May 1984.

In the integrated project initiated by the Turkish Electricity Administration (TEK), the mining section was
separated in 1972 and transferred to the Turkish Coal Enterprises (TKI). TKI began its operations as the
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Facility Directorate on 21.03.1972, and due to the expansion of its activities, the Facility Directorate was
upgraded to the Institution Directorate on 07.04.1975.

The institution was established to evaluate the existing lignite assets of TKI Institution in the licensed
areas it owns and will own in the South-East Anatolia Afsin-Elbistan Lignite Basin, to construct and operate
the facilities that constitute the mining part of the Afsin-Elbistan Integrated Project and that will operate
according to the production programs, to provide required amount of the fuel necessary for energy
production of the thermal power plant and to cooperate with TEK for this purpose, to establish facilities that
will produce domestic fuel coal (which will provide dry coal or similar production opportunities) by utilizing
low-calorie lignite and to carry out technological, economic, commercial, legal and social activities related to
these issues.

The institution was connected to the General Directorate of the Turkish Electricity Production and
Transmission Corporation on 06.02.1995 and transformed into an Operation Directorate. The institution was
connected to the General Directorate of the Electricity Production Corporation (EUAS), which was
established on 01.10.2001 with the division of TEAS into three, and continued its activities until 30.11.2018
and has been continuing as the Afsin-Elbistan Lignite Control, Coordination and Operation Directorate since
this transfer date.

As for the Yatagan and Milas Fields, with the Privatization High Council decision dated 19.02.2015 and
numbered 2015/124 and the High Planning Council decision dated 30.07.2015 and numbered 2015/T-14, all
remaining assets of our subsidiaries YEAS and KEAS General Directorates and the licenses covering the
mining areas were transferred to the EUAS General Directorate.

2. Reclamation

Reclamation refers to the rehabilitation of areas whose topography has changed during or as a result of mining
exploration and operation activities, ensuring environmental safety and conforming to the project, and making them
compatible with the environment as specified in the relevant legislation.

It is a project that involves the restoration of lands, sites, and areas degraded due to the activities of investors,
operational processes, and entrepreneurs. The project includes ensuring biological sensitivity, carrying out necessary
corrective measures, spreading plant soil, planting vegetation, sowing seeds, creating recreational areas based on the
characteristic features of the land structure, and preparing the necessary landscaping (vegetation and afforestation)
processes within a planned framework.

According to the Regulation on the Reclamation of Lands Degraded by Mining Activities, issued by the Ministry of
Environment, Urbanization, and Climate Change in December 2007 and revised on January 23, 2010 with the number
27471, obligations have been made mandatory to eliminate the damages caused by mining activities in forest and non-
forest areas and to ensure the rehabilitation of abandoned sites.

In mining activities conducted outside areas classified as forests, operators are required, in addition to obtaining
Environmental Impact Assessment (EIA) permits of all scopes, to prepare a Reclamation Plan/Environmental
Management Plan (for minerals such as sand, gravel, etc.) and to commit to implementing this plan exactly as submitted
to the relevant authorities.

Operators who have obtained the operation permit are required to submit a “Reclamation Plan” to the Provincial
Directorate of Environment, Urbanization, and Climate Change within 1 year at the latest. In forested areas, it has
become mandatory for operators applying for a forest operation permit to prepare a rehabilitation project. Additionally,
for operators who were active before this Regulation came into force and have not submitted a reclamation plan, the
reclamation format shall be prepared by the institutions and organizations authorized to prepare an Environmental
Impact Assessment report or project introduction file.

3. Phases of the Reclamation Plan

a) Determining the current status before the activity by considering the flora, fauna, soil, water, air, natural and
cultural landscape values, geological conditions, geomorphological and hydrogeological factors, geological risks, as
well as socio-economic and cultural factors in the activity area and its surroundings.

b) Ensuring the physical, chemical, and geological stability of the activity area.

¢) Rearrangement of the activity area.

¢) Implementation of soil, water, and air management practices.

d) Execution of landscaping works.

e) Improvement of the activity areas.

f) Closure and abandonment of the activity areas.

g) Implementation of monitoring and inspection methods.
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After the box-cut was opened for mining activities in the Kiglakdy Lignite Mine site, the extracted overburden
material was deposited in the designated external dumping area. Additionally, a reclamation plan covering the period
from 2011 to 2044 was prepared. In this context, approximately 743,285 trees of species including Cedar, Black Pine,
Acacia, Mahaleb, Maple, Ash, Pagoda Tree, False Acacia, Blue Spruce, Melye, Juniper, Plane Tree, and Oleaster were
planted on an area of about 907.6 hectares in the external dumping area of the Kislakdy Lignite Mine.

Afforestation activities aimed at the reclamation of the excavation and dumping areas in the South Aegean Lignite
and Yenikdy Lignite Enterprises started in 1991 following mining operations. Species such as Acacia, Stone Pine, and
Black Cypress were planted in the external dumping areas, while Olive trees, which are the most widespread and
economically valuable in the region, were planted in the internal dumping areas. In the afforested areas, wildlife is
rapidly developing, and the reclamation of nature is largely achieved. Between 1991 and 2012, a total of 1,940,504 trees
were planted over an area of 1,081 hectares by the General Directorate of TKI in GELI and YLI (Mugla-Yatagan and
Yenikoy).

In Yatagan-Eskihisar and Milas-Karacaagag, the olives from the olive trees are harvested annually by the EUAS
General Directorate and processed into olive oil at the Agricultural Sales Cooperative. The extra virgin olive oil used in
the EUAS General Directorate Cafeteria is produced from Gemlik variety trees located on 550 acres of land in the Milas
and Yatagan regions of Mugla Province, affiliated with EUAS. In 2023, a total of 31,150 kg of olives were harvested,
yielding 5,729 kg of olive oil. The tree species planted in the reclaimed mining sites of the South Aegean Lignite
Operation and Yenikdy Lignite Operation include Acacia, Ailanthus, Olive, Ash, Maple, Black Cypress, Ligustrum, and
Stone Pine.

4. Conclusion

Afforestation activities have been conducted in the areas where dumping operations were completed at
the external dumping site of the Kislakdy Lignite Mine in Kahramanmaras. The areas where afforestation
has been completed have been transferred to the Regional Directorate of Forestry. In the external dumping
areas of Mugla, species such as Acacia, Stone Pine, and Black Cypress were planted, while Olive trees,
which are the most widespread and economically valuable in the region, were planted in the internal
dumping areas. In the afforested areas, reclamation to nature has been largely achieved. As EUAS,
reclamation planning will continue in areas where mining activities have been completed.
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Ozet

Madencilik faaliyetlerinin sona ermesiyle maden sahalarimin giivenli, ¢evresel agidan siirdiiriilebilir ve uzun
vadeli arazi kullanimini destekleyerek dogaya kazandirimasi, modern madencilik yaklasimlarinmin temel
ilkeleri arasinda yer almaktadir. Giincel uluslararasi yaklasimlar, maden sahasi kapatiminin yalnizca teknik
risklerin ortadan kaldirilmasina yonelik bir siire¢ degil; cevresel rehabilitasyon, ekosistem biitiinliigii ve
sosyo-ekonomik doniigiimii iceren ¢ok boyutlu planlama faaliyeti olarak ele alinmasi gerektigini ortaya
koymaktadir. Bu ¢alisma, Canakkale ili Lapseki ilgesi Umurbey/Karaomerler kéyii simirlarinda bulunan
kursun, ¢inko ve bakir zenginlestirme tesisine ait maden sahasinda gergeklestirilen biitiinciil kapatma ve
rehabilitasyon uygulamalarimi degerlendirerek, soz konusu uygulamayr uluslararasi iyi uygulamalar
cercevesinde tartismaktadir.

Calismalar kapsaminda, sahada bulunan atik barajlari, miihendislik esaslari ve mevzuat gerekliliklerine
uygun olarak kapatilmig, tesis ve tiim yardimci yapiular sokiilerek alan dogal topografya ile uyumlu hale
getirilmistir. Rehabilitasyon siirecinde drenaj sistemlerinin insasi, bitkisel toprak serimi ve yiizey
stabilizasyonu gergeklestirilmis, bitkisel topragin besin icerikleriyle zenginlestirilmesi ve yerel tiirlerle
bitkilendirme asamasina gegilmistir. Kullamilacak bitki tiirleri; ekolojik wyum, kurakliga dayamkhilik ve
ekonomik fayda kriterleri géz oniinde bulundurularak segilmistir. Uygulanan rehabilitasyon yaklasiminin
yvalnizca gevresel riskleri azaltmakla kalmayip, ayni zamanda ekosistem fonksiyonlarini yeniden kazandirdigi
ve alamn siirdiiriilebilir kullammina katki saglayacagr ongoriilmektedir. Bu ¢calisma, Tiirkiye'de madencilik
sonrast arazi yonetimi agisindan iyi bir uygulama 6rnegi sunmakta ve uluslararasi madencilik sonrasi
rehabilitasyon literatiiriine katki saglamaktadir.

Anahtar Kelimeler: Madencilik sonrasi rehabilitasyon, ekolojik restorasyon, toprak 1slahi, biyogesitlilik,
ekosistem temelli rehabilitasyon, siirdiiriilebilir arazi kullanimi

Abstract

The closure and rehabilitation of mine sites following the cessation of mining activities constitute a
fundamental principle of modern mining, aiming to ensure safety, environmental sustainability, and long-term
land use. Contemporary international approaches recognize mine closure not merely as a technical risk
mitigation process, but as a multidimensional framework integrating environmental rehabilitation, ecosystem
integrity, and socio-economic transition.

This study evaluates the integrated closure and ecological rehabilitation practices implemented at a former
lead, zinc, and copper mine site and processing facility located in Umurbey/Karaémerler, Lapseki (Canakkale,
Tiirkiye), and discusses the approach within the framework of international best practices. Tailings storage
facilities were closed in accordance with engineering principles and regulatory requirements, and all plant
infrastructure and auxiliary units were dismantled to ensure compatibility with the natural topography.
Rehabilitation measures included drainage construction, topsoil placement, surface stabilization, soil
amendment, and revegetation using locally adapted species selected based on ecological compatibility,
drought tolerance, and economic value.
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The ecosystem-based rehabilitation approach is expected to reduce environmental risks, restore ecosystem
functions, and support sustainable land use, while providing a representative case for post-mining
rehabilitation practices in Tiirkiye.

Keywords: Post-mining rehabilitation, ecological restoration, ecosystem-based rehabilitation, soil
amelioration, revegetation, biodiversity restoration, sustainable land use

1. Giris

Madencilik faaliyetleri, dogal kaynaklarin ekonomik olarak degerlendirilmesini saglarken, faaliyetlerin
sona ermesiyle birlikte 6nemli ¢evresel yiikiimliiliikleri de beraberinde getirmektedir. Madencilik faaliyetleri,
(maden ¢ikarma siirecleri, cevher zenginlestirme siirecleri ve maden atig1 depolama siiregleri) mikro 6lgeklerde
ekosistem yapisini bozarak topografyayi, toprak ozelliklerini, su dongiisiinii ve biyolojik cesitliligi olumsuz
etkileyebilmektedir. Bu baglamda, maden sahalarimin kapatilmasi ve rehabilitasyonu, yalnizca fiziksel
giivenligin saglanmasi ve gorsel etkilerin ortadan kaldirilmasi degil, ayn1 zamanda bozulan ekosistemlerin
yeniden islevsel hale getirilmesini kapsayan ¢ok boyutlu bir siirectir.

Son yillarda, geleneksel miihendislik odakli ve sadece agaclandirmaya dayali kapatma yaklagimlarinin
yerini, ekosistem temelli rehabilitasyon anlayis1 almaktadir. Bu yaklasim, dogal siireclerle uyumlu, biyolojik
cesitliligi destekleyen ve sosyal agidan yerel topluluklara ekonomik getirisi de olan uzun vadeli
siirdiiriilebilirligi hedefleyen uygulamalari icermektedir. Madencilik sonrasi alanlarin restorasyonu, yalnizca
fiziksel ve kimyasal iyilestirmeleri degil, ayn1 zamanda toprak biyotasinin yeniden tesisini, bitki Ortiisii
siiksesyonunun baglatilmasini ve fauna geri doniisiiniin desteklenmesini gerektiren biitiinciil bir anlayisi
zorunlu kilmaktadir.

Bu ¢aligmanin amaci, Canakkale Lapseki Umurbey/Karaémerler kdyii'nde yer alan kursun, ¢inko ve bakir
zenginlestirme tesisinde uygulanan ekolojik temelli rehabilitasyon siirecini ortaya koymak, kullanilan
yontemleri toprak iyilestirme, bitkilendirme ve biyogesitlilik restorasyonu bilesenleri c¢ercevesinde
degerlendirmek ve elde edilen sonuglar1 giincel literatiir 1s18inda tartigmaktir.

2. Materyal ve Metot
2.1. Calisma Alam

Caligma alani, Canakkale ili Lapseki il¢esine bagli Umurbey/Karadmerler kdyii'nde yer alan ekonomik
Omriinii tamamlamis kursun, ¢inko ve bakir madeni ve zenginlestirme tesisi’nin bulundugu alandir. Ekolojik
restorasyona konu faaliyet alan1 cevher zenginlestirme tesisi, giiney maden atig1 depolama tesisi ve kuzey
maden atig1 depolama tesisinden olusmaktadir. Tiim faaliyet alani yiikselti degerleri 139-705 m arasinda
degismekte olup; Cevher zenginlestirme tesisi ve gliney maden atig1 depolama tesisi 255-320 m kotlarinda,
kuzey maden atig1 depolama tesisi ise 490-500 metre kotlar1 arasinda yer almaktadir. Bu durum, alan iginde
heterojen topografik kosullarin hakim oldugunu gdstermektedir.

Saha 35 yila yakin bir siire zarfinda, kursun, ¢inko ve bakir zenginlestirme tesisine ev sahipligi yapmis
olup, isletme faaliyetlerinin tamamlanmasinin ardindan kapatma ve rehabilitasyon siireci baglatilmistir. Proje
kapsaminda yaklagik 5 hektar alanda -kazi alanlari, pasa dokiim sahalari, cevher zenginlestirme tesisi ve maden
at1g1 depolama tesisi bulunmaktadir. Isletme sonras1 ekonomik dmriinii tamamlayan cevher zenginlestirme
tesisi dahil tiim alanlarda ekolojik rehabilitasyon ¢aligmalarina baglanilmistir.

2.2. Rehabilitasyon Yaklasim

Proje kapsaminda gelistirilen rehabilitasyon yaklasimi, Cevre Mevzuati kapsaminda ve uluslararasi
literatiirde Onerilen biitlinciil restorasyon prensipleriyle uyumlu olarak tasarlanmustir.

Cevre Mevzuati kapsaminda; cevher zenginlestirme tesisi, gliiney maden atig1 depolama tesisi ve kuzey
maden atig1 depolama tesisini kapsayacak sekilde Maden Atiklar1 Yonetmeligi gerekliliklerine uygun olarak
kapatma plan1 hazirlanmis ve Cevre, Sehircilik ve iklim Degisikligi Bakanhiginca onaylanmistir. Maden
Atiklar1 Yonetmeligince Kapatma Planmi yedi temel bilesenden olugsmaktadir.

1. Kapatma projesi hazirlanmasi ve onay1

2. Atk depolama faaliyetinin tamamen sona ermesi
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Susuzlastirma / kurutma
Tesviye ve tampon tabaka serimi
Stabilite kontrolii
Yagmur suyu drenaj kanallari
. Gegirimsiz list Ortl sistemi

Cevher zenginlestirme tesisi ve maden atiklar1 depolama alanlarini kapsayan kapatma plani ile; depolama
tesisinin stabil hale getirilmesi, infiltrasyonun azaltilmasi, yagmur sularinin drenajinin saglanmasi iglemleri Su
Yapilar1 Denetim Firmasi gézetiminde tamamlanmis ve denetim raporlari Bakanliga sunularak nihai onay
almmustir. Boylelikle kapatilan alanlarda ¢evre ve insan sagligina zarar vermeyecek nihai yapi1 elde edilmistir.

Kapatma planina uygun sekilde olusturulan nihai yapi, uluslararasi literatiirde Onerilen biitiinciil
restorasyon prensipleriyle uyumlu olarak, dort temel bilesen tizerine olusturulmustur.

1. Topragn fiziksel, kimyasal ve biyolojik iyilestirilmesi,

2. Yerel ve yiiksek adaptasyon kabiliyetine sahip bitki tiirlerinin kullanilmast,

3. Fauna/entomofauna gesitliliginin yeniden olugsmasinin desteklenmesi,

4. Erozyon ve yiizey akisinin kontrol altina alinmasi.

Bu bilegenler, ekolojik siiksesyonun dogal asamalarini temel alan ve uygulama-izleme-geri besleme
dongiisii ile ilerleyen 48 aylik biitiinlesik bir zaman plani ger¢evesinde yiiriitiilecektir.

Nk w

2.3. Toprak lyilestirme Teknikleri
Madencilik faaliyetleri sonucunda fiziksel ve kimyasal yapisi bozulan topraklarin iyilestirilmesi,
rehabilitasyon siirecinin temel onceliklerinden birini olusturmaktadir. Bu kapsamda, sahada asagidaki toprak

iyilestirme uygulamalar1 gerceklestirilecektir:

Tablo 1: Toprak Iyilestirme Islem Adimlar

Islem Adim Uygulama Amag Beklenen Cikti
Organik madde Kf)mp(.)st, iyl yanmus ¢iftlik ) Toprak karbop icerigini Orgaplk maddepe
uveulamast giibresi, odun yongasi topraga artirmak ve biyolojik zenginlestirilmis
Y8 homojen karistirma aktiviteyi baglatmak rehabilitasyon topragi
Asidik topraklarda kireg tasi Kok eelisimine uveun
pH (CaCO:s) veya dolomit 0% 8¢l ve Dengelenmis toprak pH
N . . kimyasal ortam e 5
diizenlemesi uygulamasi; alkali topraklarda degeri (6.0-7.5 aralig1)
g olusturmak
kiikiirt uygulamasi
Mikrobiyal PGPR bakterileri ve mikoriza Azot fiksasyonu ve besin Aktif rizosfer mikrobiyal
asilama uygulamasi yarayigliligint artirmak toplulugu

Besin dengesi

Organomineral giibre ve mikro

Bitki gelisimi i¢in
minimum besin esigini

Dengeli besin igerigine

saglanmasi element (Zn, Fe) takviyesi saglamak sahip toprak
. Yiizey erozyonunu - ..
Malglama Saman, kuru ot, biyobozunur azaltmak, nemi korumak, Stabilize yiizey ve

ylizey materyalleri

organik madde saglamak

gelismis toprak nemi

Literatiirde, maden atik alanlarinda organik madde uygulamalarinin; topragin su tutma kapasitesini,
infiltrasyonunu ve mikroorganizma faaliyetini belirgin sekilde artirdig1, pH diizenlemesinin ise agir metallerin
hareketliligini azaltarak bitkide birikme riskini diigiirdiigii bildirilmektedir. Ayrica, mikrobiyal asilama
uygulamalarinin 6zellikle fakir topraklarda bitki tutma basarisini ve besin alimin1 6nemli 6lgiide iyilestirdigi
cesitli caligmalarda vurgulanmaktadir.
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2.4. Bitkilendirme ve Vejetasyon Restorasyonu

Cagatay Glizel

Bitkilendirme asamasinda, bdlgenin dogal vejetasyon yapist dikkate alinarak yerel ve ekolojik uyumu
yiiksek tiirler secilmistir. Tiir se¢iminde iklim ve toprak kosullarina uyum, kok sisteminin toprak stabilitesine
katkasi, toprak ortiiciilitk kapasitesi, azot fiksasyonu ve organik madde birikimine katki ile fauna i¢in besin ve
habitat olusturma potansiyeli gibi dlciitler esas alinmistir. Rehabilitasyon siireci, ekolojik siiksesyonun dogal

asamalarini takip eden dort yillik bir bitkilendirme plani ¢ergevesinde yiiriitiilecektir.

Tablo 2: Dort Yillik Bitkilendirme ve Rehabilitasyon Fazlart

Y1l / Faz Ana Amac¢ Onerilen Tiir Gruplar Uygulama
Notlan
Erozyonu
) durdurmak, yiizeyi Trifolium pratense/repens, Medicago Hidrotohumlama
1. Y1l - Oncii hizli 6rtmek, sativa, Lotus veya yaygin serpme
Faz toprag1 organik corniculatus, Festuca spp., Lolium ekim; Rhizobium
madde ve azot¢a perenne agilamasi onerilir
zenginlestirmek
Cok yillik otsu
fggitﬁMera Srtiiyii ilk yil tiirleri + Dactylis Over-seeding; ilk 2-
Giiclendirme giiclendirmek, glomerata, Bromus spp., ilave 3 yil otlatmadan
Fazgl toprak biyolojisini baklagiller kaginilmalhidir
desteklemek
) Uzun vadeli Pmu; brutia, Quercus pubescens, Q. Sonbah.ar'—llkbahar
3.Y1l - Agag g coccifera, Pyrus fidan dikimi;
odunsu vejetasyon . . .
ve Cal iskeletini amygdaliformis, Arbutus sevlerde kademeli
Formasyonu andrachne, Spartium junceum, Rosa yerlesim ve can
olusturmak . -
canina suyu destegi
4. Y1l - Eksik alanlarn Fidan tafmaml'ama,
Bakim, cal1 sekillendirme,
. tamamlanmasi, . .
Izleme ve .l N Tiim tiir gruplart ilave mera tohumu,
. tiirlerin gelisiminin
Takviye . . yillik flora-fauna
o . izlenmesi
Dikimleri raporlari

Uluslararas1 literatlirde, maden sahalarinin rehabilitasyonunda Oncii tiirlerin  kullaniminin toprak
iyilesmesini hizlandirdigi ve ardindan gelecek klimaks tiirler i¢in uygun mikrohabitat hazirladigi
vurgulanmaktadir. Ozellikle baklagil tiirlerinin azot fiksasyonu kapasitesi sayesinde toprak verimliligini
artirdig1 ve mikrobiyal aktiviteyi uyardigr bilinmektedir.
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Tablo 3: Tozlayici (Polinator) Dostu Bitki Tiirleri ve Ekolojik Fonksiyonlar

- .. . .. . Ekolojik Fonksiyon /
Bilimsel Adx Tiirkce Ad1 Ciceklenme Donemi Hedef Bocek Gruplar
Trifolium {(1r1.1.1121/Beyaz ilkbahar-Yaz A"rllar ve bombuslar igin
pratense/repens licgiil yiksek nektar-pol kaynagi

' . ) N
Medicago sativa Yonca Ilkbahar-Yaz Ar1.akt}.v lte.sn.n _art1r1r, mera
polinator bitkisi
Lotus corniculatus Gazal boynuzu [lkbahar-Sonbahar Kug:uk.t(.)zlay'lc.llar ve yaban
arilar icin kritik
Salv'la Adagay tiirleri [Ikbahar-Yaz Kevlebek. Ve yabar.lvgrl}arlnln
fruticosa/verbenaca yogun ziyaret ettigi tiirler
. o I ; Erken donem polinatdrlerini
Rosmarinus officinalis Biberiye Kis sonu-Ilkbahar destekler
3 . . . + . e .
Rosa canina Kusburnu Ilkbahar (gigek), Pohnator kus faunasi igin ¢ift
Sonbahar (meyve) islev
Geg donem polinatorleri
Arbutus andrachne Sandal Sonbahar-Kig destekleyen az sayidaki

tirlerden

Polinatér dostu tiirlerin rehabilitasyon planlarina entegre edilmesi, yalnizca biyogesitliligi artirmakla
kalmay1p, ayn1 zamanda ekosistemin iglevsel biitiinliigiinii yeniden kurmaya yonelik temel bir restorasyon
bileseni olarak degerlendirilmektedir.

2.5. Erozyon Kontrolii

Egimli arazilerde yiizey akiginin kontrol altina alinmasi ve toprak kayiplarinin azaltilmasi amaciyla bitki
ortiisii tesisine ek olarak miihendislik dnlemleri de planlanmaktadir. Bu kapsamda:

e Yiizey sekillendirme ve drenaj sistemlerinin insast,

e Sev stabilizasyonu igin biyoteknik yontemler (¢ali demetleri, kazik kullanimi),

e Mal¢lama ve biyobozunur yiizey ortiileri,

e Riizgar erozyonunu azaltmak i¢in riizgar kiran bitki seritleri uygulanacaktir.

Literatiirde, bitkisel ortiiniin kok sistemleri araciligiyla topragi stabilize ettigi ve yiizey erozyonunu énemli
Ol¢iide azalttig1 ¢ok sayida ¢alismada gosterilmistir.

2.6. Fauna Rehabilitasyonu ve izleme

Proje kapsaminda, rehabilitasyon siirecinde toprak ve bitki ortiisliniin gelisimine bagli olarak bocek
cesitliliginde meydana gelen degisimi sistematik olarak izlemek iizere 48 aylik bir entomofauna izleme
programlanmustir. Izlenecek temel bocek gruplart sunlardir:

e Toprak faunasi: Karincalar, toprak bocekleri (Carabidae), izopodlar, diplopodlar
Tozlayicilar: Arilar (Apoidea), kelebekler (Lepidoptera), sinekler (Diptera)

Fitofaj tiirler: Yaprak bocekleri, ¢ekirgeler
Predator tiirler: Oriimcekler, ugur bocekleri, mantisler
Ciiriikgiil tiirler: Coleoptera (Scarabaeidae), sinek larvalari
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Ornekleme yontemleri arasinda pitfall tuzaklari, sari yapiskan tuzaklar, pan tuzaklar, sweep net
orneklemesi, Malaise tuzaklar1 ve 151k tuzaklar1 yer almaktadir. Bu yontemler, uluslararasi ekolojik izleme
protokolleriyle uyumludur.

Mikrohabitat ¢esitliligini artirmak amaciyla sahada 61l odun yi1ginlari, tas istifleri, bocek otelleri ve polen-
nektar kaynagi cicekli bitki adalar1 olusturulacaktir. Bu tiir mikrohabitat yapilarinin, bdcek kolonizasyonunu
hizlandirdig: ve tiir gesitliligini artirdig literatiirde vurgulanmaktadir.

2.7. Uzaktan Algillama ve CBS Tabanh izleme

Rehabilitasyon uygulamalarinin ekolojik etkilerinin zamansal ve mekéansal olarak izlenmesi amaciyla

uzaktan algilama ve CBS tabanli analizler planlanmistir. Bu kapsamda:

e Landsat (1984-gilinlimiiz) ve Sentinel-2 (2015-giiniimiiz) uydu goriintiileri kullanilarak NDVI
(Normalize Edilmis Bitki Fark Indeksi), SAVI (Toprak Ayarhi Bitki Indeksi), NDWI (Normalize
Edilmis Su Fark indeksi) ve NDMI (Normalize Edilmis Nem Fark Indeksi) hesaplanmustir,

e Yilda iki dron ugusu ile 4 cm ¢oziiniirliiklii ortofotolar elde edilmistir,

e Arazi oOrtiisii ve kullanim haritalar1 olusturulmus,

e Erozyon riski ve bitki bagarisi risk haritalar tiretilmistir.

Uzaktan algilama tekniklerinin maden rehabilitasyon sahalarmin izlenmesinde etkin bir ara¢ oldugu ve

ozellikle genis alanlarda zamansal degisimlerin nesnel olarak degerlendirilmesine olanak sagladig: literatiirde
vurgulanmaktadir.

3. Bulgular ve Tartisma

3.1. Toprak lyilestirme Sonuclar

Uygulanan toprak iyilestirme ¢alismalari sonucunda, rehabilitasyon alaninda topragin fiziksel, kimyasal ve
biyolojik 6zelliklerinde belirgin iyilesmeler gozlenmistir. Organik madde uygulamalari sayesinde topragin su
tutma kapasitesi, infiltrasyon hizi ve mikroorganizma faaliyeti artmis; pH diizenlemesi ile bitki gelisimi i¢in
uygun kimyasal ortam saglanmistir. Bu bulgular, maden atik alanlarinda organik madde ve pH diizenleyici
uygulamalarin etkinligini gosteren literatiir bulgulariyla uyumludur.

Literatiirde, maden at1g1 substratlarinin genellikle diisiik organik madde icerigi (%1'den az), yiiksek hacim
agirlig ve asiri asidik veya alkali pH degerleri sergiledigi bildirilmektedir. Bu ¢alismada uygulanan organik
madde takviyesi, kompost ve ¢iftlik giibresi uygulamalari ile topragin organik karbon igeriginin artirilmasi,
mikrobiyal aktivitenin yeniden baglatilmasi ag¢isindan kritik 6nem tasimaistir.

Tablo 4: Toprak Saghg: Izleme Parametreleri ve Hedef Degerler

Parametre Baslangic Degeri Hedef Deger Tyilesme Gostergesi
Organik Madde (%) <1.0 >2.0 OM artis1

pH 3.5-5.5 veya >8.5 6.0-7.5 Hedef araliga yaklagsma
EC (tuzluluk) >4 dS/m <2 dS/m EC azalmasi

Toplam Azot (N) Diisiik Yeterli N igeriginde artis
Yarayisl Fosfor (P) Diistik Yeterli P igeriginde artig
Mikrobiyal solunum Diisiik Yiksek CO: saliminda artig
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3.2. Bitki Tutma ve Gelisim Performansi

Bitkilendirme calismalar1 baslatilmis olup, 6zellikle oncii tiirlerin (6ncli faz) ve baklagil agirlikli
karigimlarm ilk yilda yiiksek ¢imlenme ve yiizey kaplama bagaris1 gosterdigi belirlenmistir. Cok yillik
bugdaygil ve baklagil tiirlerinden olusan mera karigimi ikinci yilda alanda baskin hale gelmesi beklenirken,
ticlincii yilda tesis edilen agag ve ¢ali tiirlerinin tutma oranmin %70'in iizerinde olacagi 6n goriilmektedir.

Tablo 5: Bitki Tiirlerinin Fonksiyonel Ozelliklere Gére Siniflandirilmast

Fonksiyonel

Grup Ornek Tiirler Ekolojik islev
Kuvvetli kok Sev stabilitesi,
gelisimi Salix spp., Populus spp., Alnus spp., Carpinus betulus derin/yogun kok
gosteren tiirler sistemleri
I}c;llig?n‘;(iiie Gorsel ve ekolojik
gahsformu Crataegus monogyna, Rosa canina, Berberis bariyer, fauna i¢in
(c;)lus turan vulgaris, Hippophae rhamnoides barinak ve besin
tiirler kaynag

Toprak ortiicii .

ve yiizey Yiizey erozyonunu
KoruvUG Symphoricarpos albus, Spiraea vanhouttei, Lonicera spp. azaltma, toprak
tﬁrlel}‘]u 4 nemini koruma

Toprak verimliligini
artirma, mikrobiyal
aktiviteyi uyarma

Azot baglayici Trifolium spp., Medicago spp., Lotus spp., Spartium
tiirler Jjunceum

3.3. Biyocesitlilik Geri Doniisii

Entomofauna izleme ¢alismalari, ilk tohumlama sonrasi rehabilitasyon siirecinin ilermesiyle paralel olarak
bocek gesitliliginde belirgin bir artis oldugunu géstermistir. Ozellikle tozlayici gruplar (Apoidea, Lepidoptera)
ve toprak faunasi (Carabidae) bollugundaki artis, ilerleyen yillarda habitat kalitesinin biiyiik oranda iyilesmeye
yatkinlik gostergesi olarak degerlendirilmistir. Mikrohabitat yapilarinin (bocek otelleri, 6lii odun yiginlari, tag
istifleri) kurulmasi, 6zellikle predator ve ciiriikgiil tiirlerin kolonizasyonunu hizlandiracagi 6n goriillmektedir..

Literatiirde, restorasyon ekosistemlerinde tozlayict bocek popiilasyonlarinin yeniden tesisinde ¢igekli bitki
tirlerinin kritik rol oynadigi vurgulanmaktadir. Bu c¢alismada kullanilan polinatér dostu tiirlerin farkl
mevsimlerde gigeklenmesi, y1l boyunca tozlayicilara siireklilik saglayan bir ¢iceklenme takvimi olusturmustur.
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Tablo 6: Bocek Faunasi Izleme Yontemleri ve Hedef Gruplar

Yontem Hedef Bocek Gruplari Ornekleme Sikhig

Toprak yiizeyinde yiiriiyen bocekler

Pitfall (Pota) Tuzaklar (Carabidae, Formicidae, Staphylinidae) Aylik

Sar1 Yapiskan Tuzaklar Ugan fitofaj ve tozlayici bocekler Aylik

Pan Tuzaklar Ar ve sinek cesitliligi IIkbahar-Yaz (6-8 saat)
ivgf)ep Net (Stiptirme Cal1 ve otsu bitkilerde yasayan tiirler Mevsimlik

Malaise Tuzaklar1 Ugan bocekler (Diptera, Hymenoptera) Yilda 2 kez

Is1ik Tuzaklar1 (UV) Gece aktif bocekler (Lepidoptera) Yaz aylarinda 3 gece
Berlese Hunisi Toprak mikrofaunasi (Collembola, akar) Yilda 2 kez

3.4. Erozyon Kontrolii Basarisi

Rehabilitasyon uygulamalari sonucunda, alanda yiizey akisi ve sediment taginmasinda belirgin bir azalma
beklenmektedir. Bitki kok sistemlerinin topragi stabilize etmesi, malglama uygulamalarinin yilizey korumast
saglamasi ve drenaj sistemlerinin etkin c¢aligmasi, erozyon kontroliinde baslica etkenler olusturacak
yontemlerdir.

Bu bulgu, literatiirde bitkisel ortiiniin erozyon kontroliindeki etkinligini gosteren ¢alismalarla uyumludur.
Ozellikle sev stabilizasyonunda derin koklii tiirlerin (Quercus spp., Pinus spp.) ve yiizey ortiicil tiirlerin birlikte
kullanilmasinin sinerjik etki yarattigi belirlenmistir.

4. Sonuclar

Bu c¢alisma, TUMAD Madencilik isletme sahasinda madencilik faaliyetleri sonucu bozulan ekosistem
bilesenlerinin sistematik, bilimsel ve siirdiiriilebilir bir rehabilitasyon yaklagimiyla yeniden yapilandirilmasini
hedefleyen kapsamli bir programin sonuglarini ortaya koymaktadir. 48 aylik uygulama siiresi boyunca
gergeklestirilmesi planlanan toprak iyilestirme, bitkilendirme, erozyon kontrolii ve ekosistem izleme
stratejileri, alanin hem kisa vadede ekolojik islevsellik kazanmasin1 hem de uzun vadede dogal bir bitki ve
toprak rejimine kavusmasini saglamaktir.

Proje kapsaminda elde edilen baslica sonuglar sunlardir:

1. Toprak iyilestirme: Organik madde uygulamalari, pH diizenlemesi ve mikrobiyal asilama sayesinde
topragin fiziksel, kimyasal ve biyolojik 6zelliklerinde belirgin iyilesme saglanmig; organik madde
orani ve mikrobiyal aktivite artmis, pH hedef araliga (6.0-7.5) getirilmistir.

2. Bitki ortiisii tesisi: Yerel ve ekolojik uyumu yiiksek tiirlerin kullanildigi kademeli bitkilendirme
yaklagimiyla, alanda 6ncii tiir tohumlamasiyla siire¢ baglatilmis ve takibi saglanmaktadir.

3. Biyocesitlilik geri doniisii: Entomofauna izleme calismalari, 6zellikle tozlayici gruplar ve toprak
faunasinda belirgin bir artis oldugunu gostermis; mikrohabitat yapilarinin kurulmasi gerceklestirilerek
kolonizasyon hizlandirilacaktir.

4. Erozyon Kontrolii: Bitki kok sistemlerinin topragi stabilize etmesi ve malglama uygulamalan
sayesinde erozyon oraninda azalma elde edilmesi dngoriilmektedir.
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Bu proje, madencilik sonrasi arazi yonetimine yonelik ulusal ve uluslararasi iyi uygulamalarla uyumlu,
bilimsel temelli, izlenebilir ve tekrarlanabilir bir model ortaya koymaktadir. Ozellikle ekosistem temelli
rehabilitasyon yaklasiminin -fiziksel, kimyasal ve biyolojik yontemlerin entegrasyonu ile - maden sahalarinin
ekolojik olarak islevsel hale getirilmesinde ne denli etkili oldugu gosterilmistir. TUMAD sahasinda yiiriitiilen
bu calismalarin, benzer 6zelliklere sahip diger maden alanlarina da yol gdsterici olmasi1 beklenmektedir.

Bununla birlikte, literatiirde vurgulandigi gibi, maden sahasi restorasyon caligmalarmin basarisinin
degerlendirilmesinde kisa vadeli gostergelerin yani sira uzun vadeli siiksesyon siireglerinin, besin dongiisiiniin
ve tiir etkilesimlerinin izlenmesi de gereklidir. Bu nedenle, proje kapsaminda olusturulan izleme altyapisinin
ve CBS tabanli veri yonetim sisteminin uzun yillar boyunca siirdiiriilmesi, elde edilen kazanimlarin kalicilig1
acisindan biiylik 6nem tagimaktadir.
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Bu calismanin gergeklestirilmesinde saha uygulamalarina sagladii destek ve finansman igcin TUMAD
Madencilik Sanayi ve Ticaret A.§.'ye, bilimsel damsmanlik ve teknik katkilarindan dolay1 Canakkale Onsekiz
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Ozet

Madencilik faaliyetleri sonrasinda bozulan alanlarin ¢evresel ve ekolojik agidan yeniden kazanilmast
surdiiriilebilir madencilik anlayisinin temel bilegenlerinden biridir. Bu ¢alismada Acacia Maden
Isletmeleri tarafindan vyiiriitiilen rehabilitasyon ve sosyal kalkinma projeleri degerlendirilmistir.
Calisma kapsaminda maden sahalarinda toprak analizleri gergeklestirilmis ve elde edilen bulgular
dogrultusunda uygun bitkilendirme yontemleri belirlenmistiv. Corakoglu pasa dokiim sahasinda
yaklasik 1.500.000 m? alanda bitkisel toprak serimi, tohumlama ve fidan dikimi uygulamalar
gerceklestirilmistir. Ilk asamada uygulanan hydromulching yontemi yiiksek maliyet nedeniyle sinirli
kalmus, bunun yerine yerel kattlimli alternatif tohumlama yontemi gelistirilmistir. Bu yontem sayesinde
genis alanlarin daha diisiik maliyetle rehabilite edilmesi miimkiin olmustur. Ayrica mera iyilestirme,
tarimsal sulama, seraculik, yenilenebilir enerji ve egitim projeleriyle bolgesel sosyo-ekonomik gelisim
desteklenmigtir. Elde edilen sonuglar, es zamanl rehabilitasyon uygulamalarinin ekosistem iyilesmesini
hizlandwrdigimi ve yerel toplum katilvmimin siirdiiriilebilir madencilik uygulamalarinda onemli rol
oynadigini gostermektedir.

Anahtar Kelimeler; Siirdiriilebilir madencilik, Maden sahasi rehabilitasyonu, Es zamanl
rehabilitasyon, Sosyo-ekonomik gelisim projeleri.

Abstract

Mining activities significantly alter natural ecosystems; therefore, post-mining rehabilitation has
become a critical component of sustainable mining practices. This study evaluates the environmental
rehabilitation and socio-economic development projects implemented by Acacia Mining Operations.
Within the scope of the study, detailed soil analyses were conducted in the mining areas, and appropriate
revegetation and rehabilitation strategies were determined based on the obtained results. Rehabilitation
activities were carried out on approximately 1,500,000 m? of waste rock dump areas in the Corakoglu
site through topsoil spreading, seeding, and tree planting applications. Although hydromulching was
initially applied on a limited area, its high cost led to the development of an alternative community-
based seeding method. This approach enabled the rehabilitation of large areas at lower cost while
encouraging local participation. Additionally, biodiversity was enhanced through the planting of
various tree species. Observations indicated improved vegetation cover, increased surface stability, and
reduced erosion risk. The results demonstrate that simultaneous rehabilitation practices combined with
community involvement contribute significantly to sustainable mining and ecosystem recovery.

Keywords; Sustainable mining, Mining site rehabilitation, Simultaneous rehabilitation, Socio-
economic development projects.
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1.Giris

Madencilik faaliyetleri alinmasi planlanan cevherin ekonomik 6mrii ile sinirh gegici faaliyetleri
icermektedir. Bu gegici siire¢ tek bir bakis acisiyla degerlendirilmemelidir. Bu siirecin igerisinde ve
siire¢ tamamlandiginda sosyal, ¢cevresel ve ekolojik olarak bir¢cok ¢aligma yapilmaktadir. Yoreye sosyo-
ekonomik  deger katilmast bunun yam  sira  madencilik  faaliyetleri = nedeniyle
bozulan, topografyasi degisen alanlara yonelik; emniyetli hale getirme, diizenleme, durayliligi saglama,
diizeltme, {ist topragi serme, tohum ekme, fidan dikme, arazi yapisi uygun yerlerde rekreasyon alanlari
olusturma, bitkilendirme, agaclandirma, kimyasal ve fiziksel iyilestirme kapsaminda yapilan calismalari
da ig¢inde barindirmaktadir (T.C. Resmi Gazete. 2026).

Maden sektorii stratejileri arasinda kritik bir kavram haline gelen “Siirdiiriilebilir Madencilik”,
sektore yon veren temel yaklagimi ifade etmektedir Siirdiiriilebilirlik, toplumun mevcut ihtiyaclarini,
gelecek nesillerin kendi ihtiyaglarimi karsilama yeteneginden 6diin vermeden dengelemekle ilgilidir
(Strateji ve Biitce Bagkanlig1.2026). Siirdiiriilebilir madencilik ise maden kaynaklarinin ¢ikarilmasi ve
islenmesi siireclerinde ekonomik verimlilik, ¢cevresel koruma ve sosyal sorumluluk ilkelerini birlikte
gozeten madencilik anlayisidir. Bu yaklasim Siirdiiriilebilir kalkinma amaglar1 ile de uyumludur.
Stirdiirtilebilir madencilik, sadece maden ¢ikarmayi1 hedeflemez, dogaya, insana ve ekonomiye dengeli
sekilde deger tiretmeyi hedefleyen biitiinciil bir yonetim felsefesidir.

Acacia Maden Isletmeleri olarak stratejilerimizi; yonetimde sorumlu, ¢evrede duyarli ve insana
saygili bir yaklagim temelinde sekillendirmektir.

Tablo 1: Doga onarimi, rehabilitasyon programinin asamalart (Michaud, 1981).

Madencilik Oncesi Cevresel Envanter

|
Son Alan Kullanimi ve Doga
Onariminin Hedeflerinin Belirlenmesi

Madencilik Faaliyetinin Cevre
Uzerindeki Potansiyel Etkisinin
Degerlendirilmesi

Potansiyel Problemlerin Saptanmasi |
| |

Madencilik Faaliyetlerinden Ortu Tabaka51n1n Yetistirme
Dogan Problemler Ozelliginden Dogan Denemelerinin
| Problemler Yiiriitilmesi
Madencilik Islemlerinde | ; I .
Degisiklik Yapmak Ortii Tabakasinin Kaldirilmasinda .
I . 1 Kullanilan Teknikte Degisiklik | [Basarh Degil Bas:‘“h
oy Basarili -> Yetistirme veya Smurlayic1 Ozelliklerinin i
Basarili Degil Denemelerinin lyilestirilmesi Fizibilite
Yiiriitiilmesi'ne gider - I - Problemin C;l}sglgiarln{n
B ) Yeniden urutulmesi
: : et Degerlendirilmesi !
Problemi Yeniden Basarili -> Degil Kabul Edilebilir
Degerlendirmek Yetistirme
Denemelerinin I_ . ]
Yiiriitiilmesi'ne gider Problemi Yeniden ..
Degerlendirmek Tim Alapda
Bitkilendirme

Stirdiiriilebilirligi is stratejimizin merkezine konumlandiriyor, deger iiretirken gelecek nesillere karsi

sorumluluk bilinciyle hareket ediyoruz. Ekonomik basariy1; ¢evresel duyarlilik, sosyal fayda ve giiglii
kurumsal yonetim ilkeleriyle birlikte ele aliyoruz. Faaliyetlerimizi yiiriitiirken dogal kaynaklarim verimli
kullanimini, ¢evresel etkilerin azaltilmasini ve operasyonel siireglerimizin siirekli iyilestirilmesini temel
onceliklerimiz arasinda goriiyoruz. Riskleri erken agamada tespit eden ve uzun vadeli etkileri gdzeten
yonetim anlayisimizla, siirdiiriilebilir bitylimeyi glivence altina aliyoruz.
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Cevresel sorumlulugumuz olan faaliyetlerimizi siirdiiriilebilirlik ilkeleri dogrultusunda yiiriitiiyoruz.
Dogal kaynaklarin korunmasi, ¢evresel etkilerin azaltilmasi ve faaliyet sonrasi alanlarin yeniden dogaya
kazandirilmasi temel onceliklerimiz arasinda yer aliyor.

Ozellikle maden sahamizda rehabilitasyon ¢aligmalarma biiyiik énem veriyoruz. Faaliyet siiresi
boyunca ve sonrasinda ylriittiiglimiiz rehabilitasyon projeleri ile bozulan alanlarin yeniden dogal
yapisina kavusturulmasini, biyolojik ¢esitliligin desteklenmesini ve ekosistem dengesinin yeniden tesis
edilmesini amagliyoruz. Toprak iyilestirme, agaclandirma ve peyzaj diizenlemeleriyle sahalarin giivenli,
verimli ve ¢evreyle uyumlu bicimde yeniden kazandirilmasini sagliyoruz. Bununla yetinmeyip yerel
kalkinmaya destekleyen biitiinciil bir yaklasim sunmaktayiz.

Faaliyet gosterdigimiz bdlgelerde toplumla giiclii ve samimi baglar kurmaya biiyiik 6nem veriyoruz.
Egitim, saglik, tarim, hayvancilik ve cevresel siirdiiriilebilirlik alanlarinda yiirtittiigiimiiz ¢alismalarla
bulundugumuz cevreye katki saglamay1; yalnizca ekonomik degil, ayn1 zamanda sosyal anlamda da
deger iiretmeyi hedefliyoruz.

Temelde potansiyel problemlerin saptanmasi, sonra problemleri madencilik faaliyetlerinden dogan
ya da ortii tabakasinin 6zelliginden dogan problemler olmak {izere genelde iki kisimda ele aliyoruz.
Probleme bagli olarak madencilik islemlerinde ya da ortii tabakasinin kaldirilmasinda kullanilan
teknikte degisiklik yapilmasi veya sinirlayici 6zelliklerinin iyilestirilmesi seklinde alinan yontemlerde
basar1 durumuna gore asagida yer alan semayi takip ediyoruz. (Ulusoy Y. 2012).

Bu dogrultuda hayata gegirdigimiz projeler asagida sunulmaktadir:
1.1.  Corakoglu Rehabilitasyon Projesi

Tiirkiye'nin en biiyiik agik ocak bakir maden igletmesinde bulunan iki farkli pasa dokiim alaninda
dogal bitki Ortlistinlin geri kazandirilmasint amaglayan kapsamli bir rehabilitasyon ¢aligmasi
yapilmaktadir. Yaklasik 1,9 milyon m? biiylikliigiindeki bu alanlarda, topragin onarilmasi ve
stirdiiriilebilir bir ekosistem olusturulmasi hedeflenmistir.

Baslangicta, alanin yesillendirilmesi i¢in hydromulching teknigi (6zel bir tohumlama ve besin tasima
teknigi) denenmis, ancak maliyetlerin yiiksek olmasi nedeniyle farkli yontemlere gecis yapilmistir.
Bolgedeki yerel halkin katilimiyla ve kiigiik tarim ekipmani kullanilarak tohumlama yapilmistir. Bu
yaklagim, yalnizca maliyeti azaltmakla kalmamis, ayni zamanda toplumun katilmim saglamis ve
bolgedeki dogal kaynaklarin kullanilmasini olanak tanimistir. Tohum karigimlarinda ise, taban besin
dengesi gbz Oniinde bulundurulmus, dogal bitki Ortiisiiniin hizli ve siirdiiriilebilir bir sekilde geri
kazanilmasi i¢in ¢evresel siirdiiriilebilirlik ilkelerine uygun bir destek saglanmaistir.

Projenin temel hedefi, alanlarin en hizli ve dogal yollarla yeniden yesillendirilmesi ve bu siirecte
cevreye en az miidahale ile kalict bir bitki ortiisiiniin olusturulmasinin saglanmasidir.

Proje Hedefleri:Ekolojik Rehabilitasyon: Maden sahasinda bozulan ekosistemi es zamanli olarak
iyilestirerek dogal bitki Ortiisiinii geri kazandirmak.

Siirdiiriilebilir Rehabilitasyon: Yiiksek maliyetli yontemlerden kaginarak maliyet-etkin ve silirdiiriilebilir
bir ¢6ziim sunmak.

Yore Halkinin Katilimi: Y6re halkinin projeye katilimi hem sosyal sorumluluk agisindan hem de yerel
bilgi birikiminden faydalanmak agisindan biiyiik bir avantaj saglamistir. Yerel topluluklara rehberlik
ederek ve onlarin deneyimlerinden faydalanarak siireci daha etkili hale getirilmistir.

Dogay1 Yeniden Canlandirma: Toprak yapisini dogal bir sekilde geri kazandirarak, doganin kendi
kendini yenilemesi saglanmistir.

Proje alanimiz olan Corakoglu pasa dokiim sahasi, 220 metre yiiksekliginde 22 adet basamagi ve
35°°1ik genel sev acisi ile toplam 155 hektarlik yiizolglimiine sahip olan biiyiik bir rehabilitasyon
sahasidir. Bu tiir cok basamakli ve genis alanlarda yapilacak ekolojik rehabilitasyon caligmalari, bitki
oOrtiistiniin basamaklar boyunca esit sekilde dagilimi ve alanin stabilizasyonunu saglamak agisindan
zorluklar icermektedir. Projenin ilk asamasinda biitiin sev yiizeyleri maden baglangicinda depolanan
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nebati (bitkisel toprak) ile ortiilmiistiir. Bu asama da yaklasik 1,000,000 USD ‘lik harcama yapilmustir.
Ikinci asamada ise yiizeylerin tutuculugunun saglanmasi ve doganin yeniden kazanimi igin ¢alismalarina
start verilmistir. Bu ¢alismaya ilk olarak 114,000 m? alanda hydromulching uygulamas: denemeleri ile
baglanmigtir. Bu uygulama igin yaklasik 350,000 USD’lik harcama yapilmistir. 1,500,000 m?’1ik alan
icin bu uygulama maliyetinin ¢ok fazla olacag: diisiilmiis ve alternatif yollara gidilmistir. Ugiincii
asamada ise basamaklardaki ihtiyaglarina gore 6zel tohum karigimlari ve rehabilitasyon teknikleri
uygulanmasi ile sahanin tamamina 40 ton, tohum ve giibre (topragi giiclendirmek i¢in taban giibresi,
korunga ve fig tohumu) karigimi atilmistir. Bu uygulama kiigiik bir tarim ekipmani ile yore halkindan
kadinlarin yardimi alinarak yapilmstir. 1,386,000 m? alan igin yaklagik 119,000 USD’lik harcama ile
tamamlanmustir.

Sekil 1: Bitkisel toprak serimi-Hydromulching-Tohum karma isi

Rehabilitasyon sahamizda Hanénii Orman Isletme Miidiirliigii ile toplam 236.236 adet (2.754 Ceviz
(Juglans regia), 206.108 Akasya (Robinia pseudoacacia L.), 20.237 Karacam (Pinus nigra),150
Sarigam (Pinus silvestris), 5.254 Sedir (Cedrus), 130 igde (Elaeagnus angustifolia),500 Badem (Prunus
dulcis),A00 Elma (Malus domestica), 50 Kusburnu (Rosa canina),53 Ladin (Picea),500 Ihlamur
(Tilia),100 Ahlat (Pyrus) fidan dikim islemi yapilmistir.

Sekil 2: Fidan dikim isleri

Rehabilitasyon sahasinda biyogesitliligin artirtlmasi ve ekosistemin yeniden canlandirilmasi i¢in
adimlar atilmigtir. Farkl tiirdeki fidanlarin dikimi, alandaki flora gesitliligini zenginlestirirken ayni
zamanda toprak stabilitesi ve erozyon kontrolii gibi ekolojik faydalar da saglayacaktir. Dogal bir
ekosistem olusumunu destekleyerek bdlgenin ¢evresel siirdiiriilebilirligine 6nemli katkilarda
bulunacaktir.

64



Sdrddirtilebilir Madencilik Yaklagimiyla Sosyal, Cevresel ve Ekolojik Rehabilitasyon Calismalari Gézdenur libak vd.,

RNTET
Sekil 3: 2021 Pasa dokiim sahasi- 2023 Sonrast Rehabilitasyon Sahasi

Bu proje, maliyetlerin etkin yonetimini ve ¢evresel siirdiiriilebilirligi ayn1 anda saglamay1 hedefleyen
yenilik¢i bir yaklasima sahiptir. Yerel kaynaklarin ve yore halkinin katilimi sayesinde, hem sosyo-
ekonomik hem de ¢evresel olarak daha siirdiiriilebilir sonuglar elde edilmektedir. Dogru tohum segimi
ve yerel katilim sayesinde, biiyilik alanlarin diisiik maliyetle rehabilite edilmesi amaglanmis, boylece
uzun vadeli ¢evresel iyilestirme hedefleri desteklenmistir. Ayni zamanda, yeni baglamis oldugunuz pasa
dokiim sahasinda maliyetlerin optimize edilmesi ve pasa sahasinin dogaya en kisa siirede yeniden
kazandirilmasi i¢in es zamanli rehabilitasyon adimlar1 atilmaktadir. Bu yaklasim, doganin kendi
dongiisiine uyumlu bir sekilde hareket ederek saha kapatilmadan Once cevresel iyilestirme
caligmalarinin tamamlanmasina olanak taniyacaktir.

Sekil 4: Es zamanli rehabilitasyon ¢alismasi

Arlarm, geyiklerin, kekliklerin ve gelinciklerin dogal yasam alanlarina geri donmesi miimkiin
kilinmistir. Tohumlama siirecine toplumun dahil edilmesi hem ekosistemin yeniden canlanmasini
destekledi hem de gevresel siirdiiriilebilirlik igin yerel bir sahiplenme yaratmis oldu.
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Sekil 5: Eg zamanli rehabilitasyon ¢alismasi

Diger pasa sahamizda ise dokiim c¢aligmalarinin tamamlandig1 kotlarda es zamanli olarak yapilan
rehabilitasyon calismalari, alanin bitkisel toprak ve uygun tohumlarla bulusturulmasi sayesinde doganin
kendi kendini yenileyebilmesi igin gerekli kosullar1 sagliyor. Béylece, dokiim siireci boyunca alanin
yeniden yesermesi ve dogal yasamin geri donmesi tegvik edilmis oluyor. Bu yaklagim, dogal kaynaklari
korurken madencilik faaliyetlerinin ¢evresel etkisini minimize ederek gelecekte daha siirdiiriilebilir ve
yaganabilir bir ¢evre saglama hedefine katkida bulunmaktadir.

1.2. Mera lyilestirme Projeleri

Acacia Maden Isletmeleri tarafindan proje sahalarina yakin yerlesim yerlerinde gerceklestirilen
sosyo-ekonomik ve demografik anket ¢aligmalart sonucunda, bolge halkinin temel ge¢im kaynaklarinin
tarim ve hayvancilik oldugu tespit edilmistir. A¢ik ocak, cevher zenginlestirme tesisi, atik depolama
tesisi ve pasa dokiim sahalar1 gibi proje alanlarmnin yerlesim yerlerine yakin konumda bulunmasi
nedeniyle, faaliyetlerimizden kaynaklanabilecek mera alanlarinin daralmasi gibi olasi etkilerin en aza
indirilmesi amaciyla “Mera lyilestirme Projeleri” hayata gegirilmistir.

Bu kapsamda Derekdy bolgesinde 2020 yilinda yaklasik 40 dontimliik bir alanda projenin ilk etabi
uygulanmigtir. Ancak 2022 yilinda yasanan sel felaketi sonucunda proje alani zarar gérmiis, bunun
lizerine gerekli iyilestirme ve rehabilitasyon calismalart gergeklestirilmistir. Yapilan caligsmalarin
ardindan 2025 yilinda proje yeniden baslatilarak yaklagik 45 doniimliik alanda ¢ok y1llik sertifikali mera
tohumu ekimi gergeklestirilmistir.

Proje kapsaminda mera alanmin siirdiiriilebilir sekilde kullanilabilmesi ve sulama ihtiyacinin
karsilanabilmesi amaciyla 250 metre beton sulama kanali ve 550 metre uzunlugunda basingli sulama
sistemi temin edilmistir. S6z konusu altyapr ekipmanlart ilgili Muhtarliga teslim edilerek hayvan
yetistiricilerinin kullanimina sunulmustur.

Sekil 6: 2025 Derekoy Mera lyilestirme Projesi
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Etki alanimizda bulunan diger bir yerlesim yeri olan Karayaprak Mahallesi bolgesinde 2023 yilinda
Kastamonu Il Tarim Miidiirligii ile imzalanan protokol kapsaminda 52,7 doniimliik mera arazisinde
iyilestirme ¢aligmalari tamamlanmig ve hayvan sahiplerinin kullanimi i¢in Muhtarliga teslim edilmistir.

Sekil 7: 2024 Karayaprak Mera lyilestirme Projesi

1.3. Tarimsal Sulama Suyu Projeleri

Etki alanmi icerisinde yer alan yerlesim yerlerinde tarimsal faaliyetlerde bulunan hanelerin
desteklenmesi ve tarimsal iiretimin sirdiiriilebilirliginin saglanmasi amaciyla tarimsal sulama suyu
projeleri hayata gecirilmistir. Bu projeler kapsaminda daha 6nce yalnizca kismen sulanabilen toplam
1.095 parselde yer alan 3.507 dekar tarim arazisi, gergeklestirilen altyap1 ¢aligmalari sayesinde tamamen
sulanabilir hale getirilmistir. S6z konusu sulama projelerine entegre olarak, bolgede tarimla ugrasan
hanelerin bilgi ve becerilerinin gelistirilmesi amaciyla tarimsal egitim programlari diizenlenmektedir.
Bu egitimler araciligiyla tireticilerin modern tarim uygulamalari, verimli su kullanimi ve siirdiiriilebilir
iiretim yontemleri konusunda bilinglendirilmesi hedeflenmis ve bilingli ve verimli iiretim siireclerinin
desteklenmesi amaglanmustir.

*  Yilanli — Karayaprak: 630 m beton kanal - 450 m boru hatt1 - 450 dekar sulanabilir arazi
*  Derekdy: 224 m beton kanal - 2250 m boru hatti - 350 dekar sulanabilir arazi

* Bagdere: 2400 m beton sulama kanali - 862 dekar sulanabilir arazi

* Kiiregay1: 3500 m beton kanal - 1845 dekar sulanabilir arazi

Sekil 8: 2019-2023 Tarimsal Sulama Suyu Projeleri

1.4.Modern Seracilik Projesi

Hayata gegirilen Tarimsal Sulama Suyu Projeleri ile entegreli olarak tarimsal iiretime destek vermek,
iklimsel degisikler nedeniyle tiriinlerin etkilenmesini 6nlemek, is giiclinii en aza indirmek ve damla
sulama sistemlerinin kullanimini yaygmlagtirarak kontrolsiiz sulamanin Oniine gegilmesi amaciyla
modern seracilik projeleri hayata gecirilmektedir. Etki alaninda bulunan yerlesim yerlerinde su ana
kadar 6 adet sera projesi hayata gecirilmistir. ilerleyen siiregte projelerin gelistirilerek devam ettirilmesi
planlanmaktadr.
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Sekil 9: 2022-2024 Seracilik Proje Ornekleri
1.5. Giines Enerjisi Santrali Projesi

Siirdiiriilebilir ve ¢evreye duyarli enerji iiretimi vizyonumuz dogrultusunda, Ankara ili Polath
ilgesi’nde 65.002 kWp kapasiteli Acacia Giines Enerji Santrali (GES)’ni hayata gegirdik.

Sekil 10: Ankara Polatly Acacia Giines Enerji Santrali Projesi

Hanonii Belediyesi ile imzalanan is birligi protokolii kapsaminda 230 kWe kapasiteli bir Giines
Enerjisi Santrali (GES) projesi hayata gecirilmistir. Gergeklestirilen bu proje sayesinde belediyeye bagl
mabhallelerde bulunan ortak kullanim alanlarimin elektrik giderlerinin  karsilanmasina katki
saglanmaktadir.

Proje ile yenilenebilir enerji kaynaklariin kullanimmin tesvik edilmesi, enerji maliyetlerinin
azaltilmasi ve yerel yoOnetimlerin siirdiiriilebilir enerji uygulamalarina destek verilmesi
amaglanmaktadir.

Sekil 11: Hanonii Belediyesi Giines Enerji Santrali Projesi

1.6. Saghga Destek Projeleri

Kastamonu 11 Saglik Miidiirliigii ile imzalanan Sosyal Projeler Is birligi Protokolii kapsaminda, ilge
merkezinde bulunan hastanenin fiziki teknik altyapisinin yeterli olmamasi sebebiyle ihtiya¢ olan
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alanlarda gerekli iyilestirme ¢aligsmalar1 yapilmistir. Buna bagli olarak; 2024 yilinda Handnii Devlet
Hastanesi Yatakli Servisleri, Dis Klinigi servisi i¢in gerekli teknolojik malzeme ve ekipman destegi
saglanmistir.2025 yilinda ise Hanonli Toplum Sagligit Merkezi'nde calisan personellerin c¢aligma
kosullarim iyilestirmek ve yore halkinin daha iyi kosullarda hizmet almasini saglamak amaciyla
teknolojik ekipman ve malzeme destegi saglanmustir.

Sekil 12: Handnii Devlet Hastanesi ve Toplum Saghgt Merkezi Saghga Destek Proje Ornekleri
1.7. Egitim Destek Projeleri
1.7.1. Hanoénii Cok Programh Anadolu Lisesi Maden Teknolojileri Boliimii

Hanénii Ilgesi’nde bulunan Cok Programli Anadolu Lisesi’nde Maden Teknolojileri Béliimii’niin
acilmasina Milli Egitim Bakanlig1 nezdinde onciiliik edilmistir. 2017 yilinda Acacia’ nin girisimleri ile
Hanénii ilge Milli Egitim Miidiirliigii ile “Maden Teknolojileri Boliimii” agilmasi igin protokol
imzalanmugtir.

2018 — 2019 egitim ve 6gretim y1l1 basinda 12 6grencinin kaydolmasi ile bu boliim faaliyete gecmis
ve ilk mezunlarin1 2022 yilinda vermistir. 2022-2023 yil1 egitim doneminde Maden Teknolojileri
Bolimii’ nii 10 6grenci, 2024-2025 egitim-6gretim yilinda ise 14 6grenci Maden Teknolojileri Boliimii’
nii tercih etmistir.

Bu boliimde 6grenim goren biitiin 6grencilerin staj programlari, mezun olan ve iiniversite kazanan
ogrencilerin burs destekleri ve uygun olan pozisyonlarda istihdam edilmeleri Acacia Maden Isletmeleri
tarafindan saglanmistir.

1.7.2. Burs Programi

Acacia Maden Isletmeleri olarak 2021 yilinda baslatilan “Burs Program1” kapsaminda iiniversite ve
teknik lise 6grencilerine burs imkan1 sunulmustur. Bu program kapsaminda hazirlanan “Burs Prosediirii”
kriterlerine gore burs almaya hak kazanan 6grencilerin belirlenen basari sartlarin1 sagladiklan siirece
egitim OZretim siiresi boyunca burslar1 hesaplarina 6denmektedir.

2021 yilinda toplam 16 {iniversite 6grencisine, 2022 yilinda toplam 16 tiniversite 6grencisine, 2023
yilinda toplam 44 {iniversite 0grencisine ve 3 teknik lise 6grencisine, 2024 yilinda toplam 51 iiniversite
ogrencisi, 3 teknik lise 6grencisine, 2025-2026 yillarinda ise toplam 65 iiniversite 6grencisi ve 4 teknik
lise 6grencisine burs verilmektedir.

i T &
Sekil 13: Maden Teknolojileri Boliimii
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1.7.3. Hanoénii Anaokulu Fiziksel ve Teknik Altyap1 Gelistirme Projesi

Gelecegimizin teminati gocuklarimiz i¢in daha giivenli, daha donanimli ve daha modern bir egitim
ortami olusturmak amaciyla Handnii Anaokulunda Fiziksel ve Teknik Altyapr Gelistirme Projesi
kapsaminda altyap1 ¢aligsmalari, siniflar, yemekhane, ortak oyun alanlari, oyun gruplari ve teknik biitiin
donanimlar bastan sona yenilendi ve egitim ortami daha modern bir hale getirilerek cocuklarimizin hayal
giiclinii gelistirecek ve egitime ilk adimlarini atacaklari sicak bir yuva haline getirildi.

e % 2 -

Sekil 14: Hanonii Anaokulu Fiziksel ve Teknik Altyapr Gelistirme Projesi
Yerel Satinalma

Hanonii Tastyicilar Kooperatifi 2014 yilinda ilgede tasimacilik yapan kisilerin bir araya gelmesi ile
kurulmus ancak aktif olarak faaliyet gostermemekteydi.

2019 yilinda firmamizin konsantre {iretimine baglayacak olmasi sebebiyle kooperatif yonetimi ile
gerekli goriismeler yapilarak konsantre nakliyesinin yapilmasi i¢in sozlesmeler imzalanmis ve
kooperatif aktif hale getirilmistir. Bu ¢alisma ilge merkezli olarak yapilmis en biiyiik yerel satinalma
desteklerinden birisidir.

Sekil 15: 2019-2025 Handnii Tasyicilar Kooperatifi

Acacia Maden Isletmeleri’nin bdlgede faaliyet gostermeye basladigi ilk yillarda yapmis oldugu
girisimler sonucu kurulan “Handnii Kadm Girisimciler Dernegi” yine firmamizin destekleri ve
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girisimleri birlikte 2023 yilinda “Hanonii Kadin Girisimciler Kooperatifi” adi altinda kooperatiflesmis
ve aktif olarak ticari gelir saglamaktadir. 2026 yilinda Kastamonu Il Tarim Miidiirliigii ile imzalanan
protokole istinaden tiretim amacl projeler ile desteklenmeye devam etmektedir.

Bunun yani sira ilge merkezinde faaliyet gdsteren restoran sahipleri ile goriisiilmiis ve iki firmanin
ortaklig ile bir catring sirketi kurulmus Acacia Maden Isletmeleri’ne yemek hizmeti vermeye devam
etmektedirler.

Sekil 16: 2017-2025 Handnii Kadin Girisimciler Kooperatifi

2.Materyal ve Metot

Projeler kapsaminda calisma sahalarinda ayrintili toprak analizleri gergeklestirilmistir. Toprak
ornekleri, belirlenen noktalardan uygun derinliklerde alinarak laboratuvar ortaminda analiz edilmistir.
Analizlerde topragin fiziksel ve kimyasal 6zellikleri (pH, organik madde miktari, makro ve mikro besin
elementleri vb.) degerlendirilmistir. Ornekleme, analiz ve sonuglarin yorumlanmasi siireglerinde ziraat
mithendisi destegi alinmistir. Ayrica, yorenin ihtiyaclar1 bolge halki ile degerlendirilmis; yerel
paydaslarla yapilan anketler ve goriismeler sonucunda proje kararlar1 sekillendirilmistir.

3.Bulgular ve Tartisma

Bu ¢alismada elde edilen bulgular, biiyiik 6l¢ekli maden sahalarinda gergeklestirilen rehabilitasyon
uygulamalarinin ¢evresel iyilesme agisindan Onemli sonuglar ortaya koydugunu gostermektedir.
Ozellikle bitkisel toprak serimi ve uygun tohum karisimlarimin kullanilmasi, yiizey stabilitesinin
saglanmasi ve erozyon riskinin azaltilmasi agisindan etkili bir yontem olarak 6ne g¢ikmaktadir.
Hydromulching teknigi literatiirde genis alanlarin hizli sekilde bitkilendirilmesinde basarili bir yontem
olarak kabul edilmekle birlikte, calismada elde edilen sonuglar maliyet agisindan bu yontemin her saha
icin uygulanabilir olmadigin1 géstermistir.

Alternatif olarak gelistirilen yerel katilimli tohumlama yontemi hem ekonomik agidan daha
stirdiiriilebilir bir ¢dziim sunmus hem de yerel topluluklarin projeye katilimini artirmistir. Bu durum,
siirdiiriilebilir madencilik uygulamalarinda sosyal boyutun cevresel rehabilitasyon kadar 6nemli
oldugunu ortaya koymaktadir. Ayrica farkl tiirlerde gergeklestirilen fidan dikimleri sayesinde sahada
biyolojik ¢esitlilik desteklenmis ve dogal ekosistem siireglerinin yeniden olugmaya bagladigi
gozlemlenmistir.

Fauna tiirlerinin yeniden sahada gézlemlenmesi, ekosistemin fonksiyonel olarak yeniden islemeye
bagladigin1 gostermektedir. Bununla birlikte es zamanli rehabilitasyon yaklasimi, maden faaliyetleri
devam ederken cevresel iyilestirme caligmalarinin yiiriitilmesine olanak taniyarak saha kapatma
stirecinin daha etkin sekilde yonetilmesine katki saglamaktadir. Bu yaklasim, madencilik faaliyetlerinin
cevresel etkilerinin azaltilmasinda 6nemli bir uygulama modeli sunmaktadir.

4.Sonuclar

Bu calisma kapsaminda gergeklestirilen rehabilitasyon ve sosyal kalkinma projeleri, siirdiiriilebilir
madencilik uygulamalarinin ¢evresel ve toplumsal boyutlarini ortaya koymaktadir. Corakoglu pasa
dokiim sahasinda uygulanan bitkisel toprak serimi, tohumlama ve fidan dikimi ¢aligmalar1 sayesinde
bozulan alanlarin yeniden ekosisteme kazandirilmasi yoniinde 6nemli ilerlemeler saglanmustir.
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Hydromulching yontemi teknik olarak basarili sonuglar vermesine ragmen yiiksek maliyet nedeniyle
genis alanlarda uygulanabilir bulunmamistir. Bunun yerine gelistirilen yerel katilimli tohumlama
yontemi maliyet etkinligi ve uygulama kolaylig1 agisindan daha siirdiiriilebilir bir alternatif olarak 6ne
cikmistir. Ayrica es zamanli rehabilitasyon uygulamalarmin, madencilik faaliyetleri devam ederken
cevresel iyilesmenin baglamasini saglayarak rehabilitasyon siirecini hizlandirdig1 gériilmiistiir.

Yerel halkin projelere aktif katilimi sosyal siirdiiriilebilirligi desteklemis ve rehabilitasyon
caligmalarinin yerel Olgekte benimsenmesine katki saglamigtir. Bunun yani sira mera iyilestirme,
tarimsal sulama, seracilik ve egitim projeleri gibi sosyal yatirimlar bolgesel kalkinmaya destek olmustur.
Sonu¢ olarak cevresel rehabilitasyon uygulamalarinin sosyal projelerle birlikte planlanmast
stirdiiriilebilir madencilik yaklagiminin uygulanabilirligini giiclendirmekte ve madencilik sonrasi
alanlarin dogaya yeniden kazandirilmasi siirecinde etkili bir model sunmaktadir.

Tesekkiir

Bu calismanin gerceklestirilmesinde sagladiklari destek ve katkilarindan dolay1r Acacia Maden
Isletmeleri yonetimine tesekkiir ederiz. Projelerin yiiriitiilmesi siirecinde degerli katk1 ve destekleri icin
Isletme Miidiirii Mehmet Avci’ya ve Maden Miidiirii Gokhan Celik’e ayrica tesekkiirlerimizi sunariz.
Calisma siirecinde saha organizasyonu ve iletisim konusunda destek saglayan Halkla iliskiler biriminde
gorev yapan ¢alisma arkadaslarimiza katkilarindan dolay: tesekkiir ederiz.

Ayrica rehabilitasyon ve sosyal projelerin uygulanmasi agamalarinda gosterdikleri is birligi, katilim ve
destekleri i¢in bolge halkina tesekkiirlerimizi sunariz. Yerel toplulugun katkilari, stirdiiriilebilir
madencilik uygulamalarinin basariyla hayata gecirilmesinde 6nemli bir rol oynamistir.
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Ozet

Madencilik projelerinde kapatma ve rehabilitasyon planlamasi, isletme siirecinin ayrilmaz bir bileseni olarak
degerlendirilmekte; ¢evresel etkilerin yonetimi, uzun vadeli fiziksel biitiinliigiin korunmasi ve jeokimyasal davranisin
kontrolii agisindan stratejik bir rol tistlenmektedir. A¢ik ocak ve yigin ligi yontemlerinin uygulandigi sahalarda ézellikle
atik kayag¢ depolama alanlari ile li¢ yiginlarinin kapatma tasarimi, hidrojeolojik kosullar, jeokimyasal kosullar, malzeme
ozellikleri ve jeoteknik parametrelerin birlikte ele alinmasini gerektirmektedir.

Kayseri ili Develi ilcesinde faaliyetlerini siirdiiren Oksiit Madencilik te, isletme doneminde vyiiriitiilen cevresel izleme
faaliyetleri, numunelendirme programlart ve miihendislik analizleri kapatma planlamasina es zamanl veri
saglamaktadir. Ekonomik Olmayan Kayag¢ Depolama (EOK) ve Yigin Lici alanlarinda gercgeklestirilen karakterizasyon
calismalari, ortii tabakasi tasarimlar, kolon testleri ve kavramsal modelleme uygulamalari, sahaya 6zgii uzun dénem
performansin dngériilmesine yonelik teknik bir ¢ergeve olusturmaktadir.

Bu bildiri, s6z konusu ¢alismalarin kapatma planina entegrasyon siirecini disiplinler arast bir yaklasim dogrultusunda
ortaya koymayt hedeflemektedir.

Anahtar Kelimeler; Cevre, Maden, Madencilik sonrasi, Rehabilitasyon

Ozet

In mining projects, closure and rehabilitation planning is considered an integral part of the operational process, it plays
a strategic role in managing environmental impacts, ensuring long-term physical integrity, and controlling geochemical
behavior. In areas where open pit and heap leaching methods are applied, the closure design of waste rock storage areas
and leach piles in particular requires the joint consideration of hydrogeological conditions, geochemical conditions,
material properties, and geotechnical parameters.

At Oksiit Madencilik, which operates in the Develi district of Kayseri province, environmental monitoring activities,
sampling programs, and engineering analyses carried out during the operating period provide data in parallel with
closure planning. Characterization studies, cover layer designs, column tests, and conceptual modeling applications
carried out in the Non-EconomicRock Storage (EOK) and Heap Leach areas establish a technical framework for
predicting site-specific long-term performance.

This paper aims to present the integration process of these studies into the closure plan through an interdisciplinary
approach.

Keywords; Environment, Mining, Post-mining, Rehabilitation
1. Giris

Kayseri ili Develi ilgesinde agik ocak ve yigin ligi yontemleri ile iiretim faaliyetlerini siirdiiren Oksiit
Madencilik olarak, isletme siirecinde ortaya ¢ikabilecek ¢evresel etkilerin yonetimi amaciyla diizenli izleme
programlari, analiz ¢alismalar1 ve kontrol mekanizmalar1 uygulamaktayiz. Su kaynaklarinin yonetimi, atiklarin
siniflandirilmasi ve bertaraf siiregleri, sistematik bir ¢evresel yonetim gergevesi iginde yiiriitmekteyiz. Ulusal
mevzuat hiikiimleri ve uluslararas1 standartlar dogrultusunda siirdiiriilen bu uygulamalar, kapatma
planlamasimin bilimsel ve teknik temelini olugturmaktay1z.
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Bu dogrultuda, maden kapatma siirecine hazirlik kapsaminda Ekonomik Olmayan Kaya¢ Depolama (EOK)
ve Yigin Li¢i alanlarinda detayli karakterizasyon g¢alismalar1 gerceklestirilmekte; ortli tabakasi tasarimlari
mithendislik analizleri ile degerlendirilmektedir. Laboratuvar 6l¢ekli kolon testleri ve kavramsal hidrojeolojik—
jeokimyasal modelleme c¢aligsmalar ile sahaya 6zgii uzun donem davranigin 6ngdriilmesi amaglanmaktadir.
Isletme asamasinda elde edilen izleme ve test verileri, rehabilitasyon stratejilerinin belirlenmesinde temel veri
seti olarak kullanilmaktadir.

1.1. isletme Siirecinde Cevresel Yonetim ve Kapatma Planlamasina Girdi Saglayan Calismalar

Isletme asamasinda gevresel etkilerin etkin bicimde y&netilebilmesi amaciyla entegre bir cevre ydnetim
sistemi uygulanmaktadir. Bu sistem c¢ercevesinde, atik olusumunun miimkiin oldugunca kaynaginda
azaltilmasi, geri kazanim uygulamalarinin yayginlastirilmasi ve atiklarin 6zelliklerine gore siniflandirilarak
kontrol altina alinmasi temel prensip olarak benimsenmistir. Tehlikeli nitelikteki atiklar, yiiriirliikteki mevzuat
hiikiimlerine uygun sekilde tasarlanmis gecici depolama alanlarinda muhafaza edilmekte ve lisansl bertaraf
veya geri kazanim tesislerine sevk edilmektedir.

Su yonetimi uygulamalar1 kapsaminda proses suyu dengesinin takibi, yiizeysel akisin kontrolii ve yeralti
suyu seviyelerinin ve kaliteseni izlenmesine yonelik ¢alismalar diizenli olarak siirdiiriilmektedir. Bu amacla
olusturulan izleme noktalarinda belirli periyotlarla dl¢lim ve numune alma islemleri gergeklestirilmekte, elde
edilen veriler mansap ve memba iligkisi gozetilerek teknik degerlendirmeye tabi tutulmaktadir. Maden sahast
Develi Daglar1 olarak adlandirilan topografyada konumlanmasi sebebi ile bolgede iklim kurak ve sicak
yazlarin ardindan soguk kislar olarak karakterizedir. Maden sahasi bulundugu tepeler ve hidrolik ayrimlar
sebebi ile su kalitesi izlemesi tesis tiniteleri bazinda ayrilmaktadir. Su kalitesi izleme programi mansap-memba
iligkisi gozetilerek olusturulmustur. Pasa sahasi, agik ocaklar ve tesis {initeleri kendi 6zelinde yeraltisuyu ve
ylizeysuyu akimi gostermektedir.

Sahanin etki ¢apinda bulunan g¢evre yerleskelerde yiizeysuyu ve yeraltisular1 kalitesi izlemesi
gergeklestirilmektedir. Maden sahasindan ¢evresine akis gdsteren kuru dere yataklar: bulunmaktadir. Yagish
sezonda mevsimsel olarak akis gosteren bu noktalarda ytlizeysuyu kalitesi izlemesi gerceklestirilmektedir, Bu
alanlarda herhangi bir kirletici taginimi tespit edilmemistir; izleme sonuglar1 yasal limitler dahilindedir.
Toplanan tiim izleme ve analiz sonuglari ilgili yasal diizenlemeler dogrultusunda raporlanmakta ve kapatma
planlamasinda kullanilmak {izere sistematik bir veri altyapisinda kayit altina alinmaktadir. Boylece isletme
doneminde iiretilen saha verileri, uzun donemli gevresel performansin 6ngoriilmesine ve rehabilitasyon tasarim
kriterlerine katki saglamaktadir. Insaat, iiretim ve kapama ddnemleri olarak programlanan izleme faaliyetleri
verilerinin dogrulanmasi ve arsivlenmesi veri kalitesi, kullanilabilirligi acisindan 6nem arz etmektedir. Bu
kapsamda verilerin arsivlenmesi konusunda Mp5, Wire, PoweBi vb. veri tabanlar1 kullanilmaktadir.

1.1.1. Ekonomik Olmayan Kaya¢ Depolama (EOK) Alanina Yonelik Teknik Calismalar

Ekonomik Olmayan Kaya¢ Depolama (EOK) alaninda, sahay1 temsil edecek dagilimi saglayacak bigimde
numune alma ¢alismalart yiiriitilmekte ve analiz sonuglarma bagl olarak jeokimyasal karakterizasyon ve
siniflandirma yapilmaktadir. Yonetmeliklerde belirtilen tasarim kriterlerini kapsaminda en verimli hale
getirilmesi icin elde edilen bu veriler temel girdi saglayacaktir. Ortii tabakasi tasarimi ise meveut topografik
kosullar, malzemenin fiziksel ve kimyasal Ozellikleri ile uzun vadeli performans hedefleri birlikte
degerlendirilerek gelistirilmektedir. Bakanligimiz tarafindan belirlenen ortii tabakalar1 ve uluslararasi en iyi
uygulamalar gozetilerek test ve degerlendirme ¢aligsmalarinin yiiriitiillmesi amaglanmaktadir.

Kapatma tasariminin saha 6l¢eginde dogrulanabilmesi amaciyla pilot uygulama niteliginde Ortii sistemleri
insa edilmeye baslanmistir. Bu kapsamda farkli 6rtii konfigiirasyonlar1 sahada uygulanmakta ve s6z konusu
sistemlerin infiltrasyon kontrolii, ylizey akisinin yonlendirilmesi ve fiziksel biitiinliik performansi izleme
programi kapsaminda degerlendirilmektedir.

Pilot alanlarda kullanilan gesitli malzeme kombinasyonlari ile tabaka kalinliklari, saha izleme sonuglari
dogrultusunda karsilastirmali olarak analiz edilecektir. Bu siiregte su gecirgenligi, ylizey akis karakteristigi ve
erozyona karst dayanim gibi performans gostergeleri dikkate alinmaktadir.

Bu yoOntem sayesinde tasarim siireci yalnizca teorik kabullere dayanmamakta; saha gozlemleri ile
dogrulanan, performans temelli bir kapatma yaklasimi gelistirilmektedir.
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1.2.2. Y1gin Lici Alaninda Karakterizasyon ve Kolon Testleri

Y18in lici sahasinda kapatma sonrasinda olusabilecek potansiyel sizint1 sularinin jeokimyasal davranisin
degerlendirilmesi amaciyla temsil kabiliyeti yiiksek numune alma programi uygulanmakta ve laboratuvar
6lceginde kolon deneyleri gerceklestirilmektedir. Bu deneylerde farkli tasarim ve senaryo kosullar altinda
olusan drenaj suyunun kimyasal karakteri, potansiyel metal mobilizasyonu ve zamana bagli degisim egilimleri
analiz edilerek, yasal regiilasyon limitleri altinda kalacak sekilde kontrol mekanizmalarinin tasarimi ve atiksu
giderimi i¢in kurulacak sistemin tasarim kritilerinin belirlenmesi amaglanmaktadir.

Kolon g¢aligmalarindan elde edilen bulgular, ortii sistemlerinin teknik agidan karsilagtirilmasina imkéan
tanimakta ve uzun donemli cevresel performansin Ongoriilmesine yonelik miihendislik kararlarini
desteklemektedir. Boylece kapatma tasariminda kullanilacak yaklagim, deneysel veriler 1s18inda sahaya 6zgii
olarak sekillendirilmektedir.

Bu calismalara ek olarak y1g1n li¢i alaninda sonik sondaj yontemi ile numuneler alinacak olup bu numunlere
vasitasi ile y1gin liginin farkli alanlarindaki cevherin nasil fiziksel ve kimyasal 6zellik gdsterdigi net bir sekilde
belirlenecektir.

1.2.3. Hidrojeolojik ve Jeokimyasal Modelleme

Saha o6lceginde yiiriitiilen calismalar, hidrojeolojik ve jeokimyasal temelli sayisal modelleme yaklagimlar
ile biitlinlestirilmektedir. Yeralt1 ve ylizey suyu sistemleri arasindaki etkilesim, depolama alanlarindaki
malzeme Ozellikleri ve mevcut saha geometrisi birlikte ele alinarak olasi kapatma senaryolar1 degerlendirmeye
tabi tutulmaktadir.

Gelistirilen sayisal modeller araciligiyla farkli tasarim alternatiflerinin uzun doénemli davranigt analiz
edilmekte; su akis rejimi, potansiyel kirletici taginimi ve sistem stabilitesi gibi parametreler biitiinciil bir
cer¢evede incelenmektedir. Bu yaklasim, kapatma planlamasinda karar verme siirecinin ve kapatma sonrasi
izleme caligmalarinnin bilimsel temele dayandirilmasina katki saglamaktadir.

1.2.4.Ekolojik Rehabilitasyon ve Biyocesitlilik Calismalari

Kapatma planlamasinin ekolojik bileseni kapsaminda sahaya 06zgii bitkilendirme stratejileri
gelistirilmektedir. Bu ¢ergevede olusturulan Botanik Bahge ve bitkisel koruma alanlari araciligiyla bolgeye ait
endemik bitki tiirlerinin ¢ogaltilmasi ve sahamizda yetisebilecek bitki tiirlerinin kontrollii ortam kosullarinda
yetistirilmesine yonelik ¢alismalar stirdiiriilmektedir.

Bu uygulamalar, yerel ekosistem dinamiklerinin korunmasini desteklerken kapatma sonrasi arazi
kullanimina uygun siirdiiriilebilir bitkilendirme alternatiflerinin belirlenmesine katki sunmaktadir. Elde edilen
gozlem sonuclart ve gelisim verileri, nihai rehabilitasyon tasariminda kullanilacak tiirlerin se¢imi ile
adaptasyon performanslarinin degerlendirilmesinde teknik veri olarak kullanilmaktadir.

Bu yaklagim sayesinde miithendislik temelli kapatma tasarimi ile ekolojik rehabilitasyon ¢aligsmalari entegre
edilmekte ve saha kosullarina uyumlu, uzun vadede dogal dengeyi destekleyen bir iyilestirme plani
olusturulmaktadir. Ayrica sahamizda flora tiirlerinin ¢ogaltilmasi ve korunmas: amaciyla farkli bolgelerde
bitkisel koruma alanlar1 belirlenmistir Bitkisel koruma alanlar diizenli periyodlarda kontrol edilerek bitki
gelisimleri, tohumlanma siiregleri takip edilmektedir. Bunlarin yani sira yilda en az 3 kez Biyogesitlilik
uzmanlar1 ile birlikte alanlar kontrol edilerek flora kapsaminda c¢alismalar raporlanmaktadir. Ayrica Ekim -
Kasim aylarinda floranin gelisimi i¢in toplanan tohumlar sahada tekrar yetistirilmek tizere mese giiclendirme
alaninda, bitki koruma alanlarinda ve botanik bahgede ekimleri yapilmaktadir.

2. Materyal ve Metot

Bu calisma kapsaminda kapatma planlamasina iligskin degerlendirmeler; laboratuvar deneyleri, kavramsal
modelleme caligmalar1 ve saha izleme verilerinin birlikte degerlendirildigi entegre bir metodolojik ¢erceve
iginde yiiriitiilmektedir.

Y181n ligi malzemesine yonelik olarak laboratuvar 6l¢eginde kolon deneyleri gergeklestirilmekte ve olusan
drenaj suyunun kimyasal analiz sonuclari, kapatma sonrasi olasi jeokimyasal davranigin tahmin edilmesinde
kullanilmaktadir. Elde edilen bulgular, Ortii tasarimlarimin  miihendislik kriterleri dogrultusunda
karsilagtirilmasina temel teskil etmektedir.
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Alaninda uzman danigmanlar tarafindan gelistirilen hidrojeolojik ve jeokimyasal kavramsal modeller; saha
geometrisi, malzeme karakteristikleri ve su—kaya¢ etkilesimleri dikkate alinarak olusturulmakta, farkli
kapatma senaryolar1 bu model altyapisi lizerinden degerlendirilmektedir.

Sahada hélihazirda siirdiiriilen yeralt1 suyu ve yiizey suyu izleme faaliyetleri ise hem model kalibrasyonu
hem de tasarim dogrulamasi agisindan veri tiretmektedir. Pilot kapama uygulamalari, saha dl¢ceginde planlanan
insai ¢aligmalar kapsaminda yiiriitilmekte olup ortii sistemlerinin performansinin yerinde gbézlemlenmesine
imkan tanimaktadir.

3. Bulgular ve Tartisma

Gergeklestirilen kolon deneyleri, yigin li¢i malzemesinin kapatma sonrasindaki uzun déonemli jeokimyasal
egilimlerinin degerlendirilmesine yo6nelik 6nemli miihendislik verileri tliretmektedir. Bu calismalar ile
potansiyel drenaj suyunun kimyasal karakteri analiz edilmekte ve Ortii tabaka tasarimlarinin ¢evresel
performans kriterleri dogrultusunda karsilagtirilmaktadir. Boylece kapatma planlamasi, varsayimsal kabuller
yerine deneysel sonuglara ve 6lgiilebilir parametrelere dayali bir gercevede gelistirilmektedir.

Pilot oOlcekli Ortii uygulamalar1 ise tasarim yaklasimlarimin saha kosullarinda smmanmasina imkan
vermektedir. Infiltrasyon kontrol kapasitesi, yiizey stabilitesi ve su ydnetimine iliskin performans gostergeleri
yerinde izlenmekte; elde edilen gézlemler nihai ortii sisteminin performans temelli olarak belirlenmesinde
dikkate alinmaktadir. Bu yontem, maden atiklarinin giivenli yonetimine iliskin ulusal mevzuat gereklilikleri
ile uluslararas1 6l¢ekte benimsenen kapatma stratejileriyle uyumlu bir planlama anlayisin1 yansitmaktadir.

Miihendislik odakli degerlendirmelere ek olarak rehabilitasyonun ekolojik boyutu da siirece entegre
edilmistir. Bu dogrultuda kurulan Botanik Bahge aracilifiyla bolgeye 6zgii endemik bitki tiirlerinin
cogaltilmas1 ve farkli bitki tlirlerinin saha kosullarina adaptasyon performanslarmin izlenmesi
hedeflenmektedir. Elde edilen gozlem verileri, kapatma sonrasi arazi kullamminda ekosistemle uyumlu
bitkilendirme alternatiflerinin belirlenmesine katki sunmakta ve rehabilitasyon yaklagiminin yalnizca fiziksel
stabilite ile sinirlt kalmayip ekolojik siirdiiriilebilirligi de kapsayacak sekilde ele alinmasini saglamaktadir.

4. Sonuclar

Bu calisma kapsaminda saha kapatma planlamasi; miithendislik tasarimi, jeokimyasal degerlendirmeler ve
ekolojik rehabilitasyon bilesenlerinin birlikte ele alindigi entegre bir yaklasim gercevesinde incelenmistir.
Laboratuvar 6lgeginde yiiriitiilen kolon deneyleri ile malzemenin uzun donemli davranig egilimleri analiz
edilmekte, pilot Olgekli ortii uygulamalar1 aracilifiyla ise tasarimlarin saha kosullarindaki performansi
kargilagtirmali olarak degerlendirilmektedir.

Elde edilen teknik veriler, kapatma tasariminin yalmzca teorik kabullere dayali bir planlama siireci
olmaktan ¢ikarilarak olgiilebilir parametreler ve performans gostergeleri iizerinden sekillendirilmesine imkéan
tanimaktadir. Bu yaklagim, ulusal mevzuat hiikiimleri ile uluslararasi iyi uygulama prensipleri dogrultusunda
stirdiriilebilir bir kapatma planlamasinin gelistirilmesini desteklemektedir.

Rehabilitasyon siirecinin ekolojik boyutu ise sahada olusturulan. Bitki koruma alanlarindaki ¢aligmalari ile
giiclendirilmis; bolgeye oOzgii flora tiirlerinin ¢ogaltilmasi ve adaptasyon performanslarinin izlenmesi
sayesinde kapatma sonrasi arazi kullanimina yonelik ekosistemle uyumlu bir temel olusturumaktadir.

Sonug olarak, yiiriitiilen c¢aligmalar maden sahalarinda kapatma planlamasinin yalnizca miihendislik
tasariminin yaninda; c¢evresel risk yonetimi, saha kosullarina uyum ve uzun vadeli siirdiiriilebilirlik
perspektifiyle birlikte ele alinmasi gereken ¢ok disiplinli bir siire¢ oldugunu ortaya koymaktadir.

Elde edilen tiim izleme ve deney sonuglari, yiiriirliikteki ulusal ve uluslararasi ¢evresel kalite kriterleri ile
uyumlu olup, saha genelinde mevzuat limitlerini agan bir ¢evresel etki tespit edilmemistir

Tesekkiir

Bu c¢aligmanin planlanmasi ve yliriitiilmesi siirecinde teknik vizyonu ve siirdiiriilebilir madencilik yaklagimiyla
Oksiit Madencilik yonetim ekibine tesekkiirlerimizi sunariz. Ayrica, gevresel sorumluluk ve bilimsel temelli
kapatma planlamasi konularindaki yonlendirici liderligi, stratejik bakis agis1 ve tesvik edici yaklagimiyla
caligmaya degerli katkilar saglayan Direktdriimiiz Pelin Usta Ozkayhan’a zel tesekkiirlerimizi iletiriz. Saha
ekiplerimizin &zverili ¢aligmalart ve teknik danismanlarimizin bilimsel katkilari, bu biitiinciil yaklagimin
hayata gegcirilmesinde 6nemli rol oynamugtir.
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Abstract

The widely accepted long-term approach to integrated progressive rehabilitation of opencast mine areas
throughout the mining lifecycle, from development to closure, follows the principles of sustainable mining
established in international standards and guidelines. Alongside corporate responsibility, the process
emphasizes continuous risk assessment, evaluation, and monitoring of environmental impacts, social benefits,
and economic factors, while allowing flexibility in post-closure land use to enhance overall outcomes.

For this reason, mine closure and rehabilitation processes must be adaptable so they can respond to changes
and risks in a dynamic environment. The aim of this paper is to present and analyze a progressive and
adaptable rehabilitation concept for large opencast coal mines that support sustainable land-use transition in
line with energy transition and climate policy objectives.

The case study is the rehabilitation of the external overburden dump of the Drmno opencast mine, where the
closure plan defined the use of the geomechanically stable area for agricultural activities as a priority,
primarily due to strategic principles of the energy transition and climate change. This was successfully
expanded in the second phase to include the development of a wind farm on the former overburden waste
dump.

Keywords; Energy Transition, Mine Closure, Mine Rehabilitation, Wind Farm

1. Introduction

World best practice shows that integrated mine closure throughout the entire life cycle is necessary to fulfill
the principles of sustainable development of surface mining in environmental, social, and economic terms
(ICMM, 2019; Demers, 2024). Such an approach minimizes long-term environmental impacts, reduces the
final costs of rehabilitation, and enables a more sustainable and integrated approach to managing the mining
area, with the possibility of improving and optimizing planning solutions over time (Gagen et al., 2024). In
this way, the long-term environmental mining impact is minimized and social and financial risks are reduced
(Manero, Standish, & Young, 2021). Planning is carried out in the context of achieving sustainable closure
and rehabilitation objectives, with consultations with stakeholders to ensure the successful implementation of
reclamation and abandonment of the mining area. Through continuous evaluation and improvement of the
effects of all planned activities by means of adaptive management, the maintenance of rehabilitation and
closure planning standards is ensured at the operational level as well, along with ongoing risk assessment,
management and innovative rehabilitation opportunities (Pavlovic, 2002; Pavlovi¢ & Subaranovi¢, 2012;
Pavlovic & Ignjatovic, 2018; Tomlin & Gimber, 2023).

The principles of planning and the conditions for the implementation of surface mine rehabilitation have
been addressed in numerous publications and various manuals worldwide (ICMM, 2008; Australian and New
Zealand Minerals and Energy Council, 2020; Department of Mines, Petroleum and Exploration, 2025), but the
most clearly defined reference is the internationally recognized and recommended standard ISO 21795 — Mine
Closure and Reclamation Planning, which contains six framework elements as indicated in Figure 1
(ISO 21795, 2021).

* Sorumlu Yazar: Tel: +90 (212) 1234567 Faks: +90 (212) 1234567
E-posta: natalija.pavlovic@rgf.bg.ac.rs (Pavlovic N), luka.crnogorac@rgf.bg.ac.rs (Crnogorac L)
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Responsibility

Mine Closure
and Reclamation
Planning

Framework

Implementation

Figure 1: Mine closure rehabilitation (reclamation) framework (ISO 21795)

They include, as an integral part of the entire mine rehabilitation and reclamation planning process, the
company’s responsibility, including the engagement of stakeholders, financial management, and securing
funds for closure. Planning must be integrated with the management of the socio-economic transition from the
opening to the closure of the surface mine. The rehabilitation design process should meet closure and
reclamation objectives, with consultation of stakeholders. The risk assessment and management process is
necessary for the identification and implementation of options based on opportunities that arise during the
mine life cycle. The adaptive management process enables proper evaluation and facilitates continuous
improvement throughout the life of the mine. The development, dissemination and preservation of knowledge
and data that support the surface mine closure and rehabilitation and reclamation planning process throughout
the entire mine life cycle and beyond is of exceptional practical importance.

Such an approach to the rehabilitation process enables efficient and continuous sustainable project
implementation, as demonstrated by the example of progressive rehabilitation within the long-term closure
planning of the Kostolac coal basin opencast mines (Subaranovic et al., 2018; Faculty of Mining and Geology,
2009).

2. Materials and Methods

All international standards and guidelines recommend that, when planning closure, the mining areas of surface
mines should be progressively and integrally rehabilitated as early as possible during the life cycle of the
surface mine (Pearce et al., 2016). In this way, a key advantage is provided through continuous practical
verification of possible implementation options over time, with the gradual development and improvement of
rehabilitation methods. This reduces long-term costs due to improved rehabilitation process outcomes and the
reduction of risks associated with the need for reworking poorly rehabilitated areas.

In general, the rehabilitation of surface mines is an expensive process, and financial resources for repeating
unsuccessful works are often limited. It is therefore important to consistently adhere to the adopted basic or
modified plan in order to achieve acceptable economic results.

The objective of implementing the rehabilitation process is that, after mining, the agreed and designed
landform is re-established, contributing to the long-term safety, health, and functionality of the mining area,
in accordance with the social, economic, and environmental principles of sustainability, so that the plan
includes:

e Minimizing costs and environmental risks, but without affecting the achievement of other long-
term objectives;

o Remediation of degraded areas, contaminated soil and water, with an established timeline for the
process flow;

o Establishment of sustainable ecosystems;
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e Maximizing the use of existing mine infrastructure and the mining area for future optional
economic activities;

o Implementation of a safe and sustainable environment aligned with local and regional development
plans.

In addition to its direct effects on improving the sustainability of surface mining, progressive rehabilitation
enables the implementation and monitoring of the effects of experimental land use. As a rule, it includes basic
technical and biological reclamation with possibilities for sustainable modifications as indicated in Figure 2,
which has been practically implemented at the Drmno opencast mine. From a planning perspective, it should
fulfill four key objectives:

1. Long-term stability and sustainability of landform shapes, soil, and site hydrology;

2. Sustainable usability of the mining area;

3. Partial or complete restoration of the ecosystem’s capacity to provide habitat for biota and services
for people; and

4. Prevention of potential pollution and environmental degradation.
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Figure 2: Implementation of a sustainable mine rehabilitation plan

Cost estimates for closure and rehabilitation demonstrate to stakeholders that financial obligations are being
actively considered and that risks are well managed during mining operations. This estimate in the early stages
of a mine’s life is accompanied by many assumptions and unforeseen events. For this reason, it is essential
that closure costs with rehabilitation options are assessed as early as possible in the mine’s life and are
continuously adjusted as more knowledge is gained. The process and methodology for calculating cost
estimates must be transparent and verifiable, with all assumptions documented (Pavlovié¢ & Subaranovi¢, 2012;
Pavlovic & Ignjatovic, 2018).

Landforms are shaped to mimic natural water flow patterns as much as possible, in order to prevent erosion.
Where water runoff and infiltration may affect the quality of surface and groundwater, additional protective
linings and drainage systems with controlled water flow must be used.

The dynamics of degradation and renewal of the terrain might be defined by degraded and rehabilitated
surfaces within a defined moment in time. The coefficient of total rehabilitation can be used as an indicator,
with technical and biological recultivation (usually considered separately), representing the ratio of the surface
of the renewed terrain at a given moment in time, for example in years or phases (S;), to the surface of the
degraded terrain at that time (Sa, » = 1,..., n as the final phase). The coefficient of rehabilitation K, changes
during various mining stages. The rehabilitation state can then be expressed as a function where: K;= Si/San.
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At the stage of opening and at the beginning of mining or dumping it is equal to zero, because usually there
are no rehabilitation works in this period. During actual mining, with the same progress of works on mining
and dumping with recultivation, the coefficient of recultivation might, especially on the external dumps, be
equal to one. In the period of closing the surface mine, the degradation of land stops. Then, through
recultivation of dumps and final mine boundary, the coefficient of recultivation exceeds one. The surface of
renewed external and internal dumps could cover 80 to 85% of degraded surface and thus the coefficient of
recultivation from 0.8 to 0.85 refers to agricultural and forestry terrain. The remaining part of the total degraded
surface area could be flooded and utilized for fishing and recreation and tourism (Pavlovic, 2002).

The set recultivation system connected to the effect of the surface mining on land degradation can, in theory,
have three states (Ey, £;, E2). The normal state of the rehabilitation/recultivation system is denoted by EO; state
E1 represents a condition in which the process realization time is at risk but still within permitted limits, while
state E2 represents an extreme failure condition in which the realization time exceeds the permitted limits.
Then, a more active recultivation causes a decrease in degradation and transfers the system from situation E
into situation E; and further into situation E, (Pavlovic & Ignjatovic, 2018).

For the calculation of the probabilities and risks of rehabilitation realization, the functioning of the
rehabilitation system can be presented as a Markov stochastic process with discrete states for all possible states.
Assuming exponentially distributed failure and renewal times for each state, transition intensities (a) and (b)
have mean time to failure (7y= I/a) and mean time to renewal (7, = 1/b). In this way, a graph of three states is
formed in the shape of a chain as indicated in Figure 3.

L Q0
Eo, Po VYl E4,Pq
b,

Figure 3: Directed graph of the rehabilitation process with three states

For this process, the limiting probabilities of states are expressed by the following formulas:
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the sum total of which equals one. On the basis of the total probability, the rehabilitation probabilities under
the criteria of occurrence of the extreme situation (system failure) are determined and are as follows: P,= 1-
Po-P1.

3. Results and Discussion

Opencast coal mine Drmno, which is working as a part of the state-owned Joint Stock Company
Elektroprivreda Srbije (Electric Power of Serbia), is located south of the southern bank of the River Danube,
about 65 km east of Belgrade, with an annual output of 9*10° tonnes of coal. A medium-sized external dump
is situated east of the Drmno opencast mine, spreading over around 200 ha as indicated in Figure 4. Dumping
was finished in 2000, and rehabilitation began with the removal of the main equipment and shaping of
75,000,000 m? of overburden material. After that, ecorecultivation was selected for recultivation by the Project
(Faculty of Mining and Geology, 2009) on the degraded terrain created by the dumping at the external dump.

Final reclamation of the dump, as part of the planned rehabilitation, is implemented in two distinct phases.
The first progressive phase refers to the execution of the original mine closure and rehabilitation plan, which
aimed to restore the external dump to a condition suitable for agricultural production, grazing lands, and
meadows. The second phase covers changes in the reclamation process resulting from the subsequent decision
to construct a wind park on the dump site, with planned full completion by 2026.

In accordance with the original recultivation concept, the external dump was meliorated to a state suitable
for agricultural use. Existing surfaces have been given a shape that ensures ecologically favorable integration
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of these surfaces with the environment, and conditions have been created for biological recultivation to the
extent that the available dumping technology makes possible.

By engineered measures of technical recultivation, conditions are met for the final forming of surfaces of
the external dump. The preparation of the dump for biological recultivation is done through leveling horizontal
and slightly inclined surfaces with the appropriate slope for water drainage. Reforestation is planned for the
steeper slopes. Recultivation according to the original plan was completed in five years, after which
modifications were introduced in the second phase. Technical recultivation includes earthworks as well as
engineering measures such as drainage and infrastructure development, forming the basis for subsequent
biological recultivation. It consists of the following number of measures and actions:

e Leveling and shaping of flat surfaces at external dump benches;

e Shaping of external dump slopes;

e Fine leveling of external dump surfaces;

e Construction of channels and lakes for dewatering and irrigation of the external dump, and
e Construction of access and internal roads.

Throughout the recultivation works, the terrain, weather, and technological parameters have been
monitored in order to ensure control of risks related to process realization, scheduling, and planning. Results
of these measurements and monitoring, with probability of states, as presented in Table 1.

Table 1: Change of parameters in the external dump recultivation system

Recultivation

. 2010 2011 2012 2013 2014 2015
completion

Planned Area
(2*10° m?)
Technical
recultivation (%)

274,000 708,000 510,000 258,000 250,000  (112,500)

Current year 75 70 80 20 55
F romyf;er‘”ous - 25 30 20 80 45
Biological
recultivation (%)
Current year 70 60 50 10 05
F romyf;er‘”ous - 30 40 50 90 95
K, 0.096 0.350 0.619 0.759 0.881 1
ap 0.01 0.02 0.05 0.12 0.02 0.01
a 0.02 0.03 0.05 0.18 0.03 0.03
by 0.03 0.05 0.11 0.08 0.09 0.05
b, 0.06 0.09 0.08 0.06 0.11 0.06
Po 0.69 0.65 0.58 0.14 0.78 0.77
Py 0.23 0.26 0.26 022 0.17 0.15
P, 0.08 0.09 0.16 0.64 0.05 0.08

The results indicate a clear improvement in system stability over time, as reflected in the increase of the
probability of the normal operating state Py, which reached values of up to 0.78-0.77 in the final years of
recultivation. At the same time, the probability of extreme failure P> remained low, except for a temporary
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increase in 2013 (0.64), which corresponds to delays in the implementation phase. Following corrective
technical measures, the system rapidly returned to stable conditions.

Throughout the entire planned lifespan of the rehabilitation of the external dump, implementation risks
remained high, with significant consequences and losses, primarily due to delays in execution (2013) and the
realization of the progressive rehabilitation plan for the dump in the second phase (2015).

The system operating probability reached up to 80% following corrective interventions, so that all planned
works were successfully completed on schedule in 2015, with the recultivation of the remaining dump surface
of 112,500 m? mainly due to the auxiliary construction works of the wind park. The appearance of the
completed external dump of the opencast mine Drmno with the layer of humus is shown in Figure 4. Total
costs for the recultivation works of the external dump are €3,254,000.

Figure 4: Final rehabilitation phase of the external dump

Since it was proven that there is no risk of liquefaction on the well-stabilized external dump, the remaining
areas were subsequently designated for the construction of a wind park, including full infrastructure, which
led to a general revision of the final rehabilitation plan in the second progressive phase [8]. By 2024, internal
access roads and foundations for seven wind generators, each with a capacity of 3.3 MW, were constructed as
indicated in Figure 5. Final works were being carried out in 2025, and successive trial operations of the wind
park started in December 2025.
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Figure 5: Constructed wind park on the external dump

The application of the Markov model enabled quantitative assessment of rehabilitation risks and
demonstrated that timely technical interventions significantly reduce the probability of system failure. The
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construction of the wind park was carried out on a stabilized and fully recultivated dump surface without
compromising its geotechnical stability, as a progressive rehabilitation solution.

4. Conclusion

Climate change and the energy transition have driven a global increase in the exploitation of mineral resources
and the expansion of surface mining areas, while also presenting mining companies with significant ecological,
social, and economic challenges. Consequently, alongside detailed assessments, growing attention is being
given to progressive, modified processes, facilities, and technologies for the rehabilitation of surface mines as
integral components of new projects. In accordance with widely accepted standards, continuous integrated
management is essential, encompassing ongoing monitoring of environmental impacts, social and financial
risks, and the implementation dynamics of surface mine rehabilitation plans.

This approach has demonstrated positive, sustainable, and adaptable outcomes in the progressive two-phase
rehabilitation of the external dump of the Drmno opencast mine in Serbia, successfully supporting both
agricultural use and subsequent development of a wind farm. The results show that integrating progressive
closure planning with a Markov-based risk assessment framework allows early identification of rehabilitation
delays and instability, enabling timely corrective actions and reducing long-term closure risk. The study also
confirms that properly executed recultivation can support safe transition to alternative land use, including wind
energy development.
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Ozet

Bu ¢alismanin temel amaci, acitk mermer ocaklarimin peyzaj ve topografya iizerinde yarattigi tahribati
azaltmak igin Burdur ili Yesilova ilcesinde bulunan terkedilmis bir acitk mermer ocaginda oérnek bir
rehabilitasyon projesi gelistirmektir. Arazi calismalart kapsaminda [HA ile sayisal yiikseklik modeli
olusturulmus, goletin batimetrik haritasi ¢ikarilarak derinligin 9,6 metre oldugu tespit edilmistir. Cevresel
durumu belirlemek amaciyla toprak, sediman ve su numuneleri alinmis, major oksit ve agwr metal kirlilik
diizeyleri incelenmistir. Agw metal varligimin antropojenik degil, bolgedeki ofiyolitik kayaglarin
jeokimyasindan kaynaklandigr ve su kalitesinin tarimsal ve rekreasyonel kullamima uygun oldugu
goriilmiistiir. Ayrica, sahada bulunan 137.886 m® mermer pasasumin agrega ve farkll endiistrilerde
hammadde olarak yeniden kullanilabilirligi kanmitlanmistir. GZFT ve ekosistem degerleme analizleri
sonucunda, alamin dogal potansiyeli goz oniine alinarak bir "Arkeopark” olarak tasarlanmasi énerilmis ve
peyzaj senaryolart modellenmistir.

Anahtar Kelimeler; Maden Sahasi Rehabilitasyonu, Ekosistem Degerleme, Uzaktan Algilama, Arkeopark,
GZFT

Investigation, Characterization, And Assessment Of The Rehabilitation Of An Abandoned
Marble Quarry (Burdur)

Abstract

The main objective of this study is to develop a rehabilitation project in an abandoned open marble quarry
located in Burdur province, Yesilova district, to reduce the destruction caused by mining on the landscape
and topography. A digital elevation model was created via UAV, and the bathymetric map of the pond
revealed a maximum depth of 9.6 meters. Soil, sediment, and water samples were analyzed for major oxide
and heavy metal pollution. Results showed that heavy metal presence originates from the geochemistry of
ophiolitic rocks rather than anthropogenic sources, and the water quality is highly suitable for agricultural
and recreational use. Furthermore, 137,886 m* of marble waste is proven reusable in various industries.
Based on SWOT and ecosystem valuation analyses, the site is recommended to be designed as an
"Archaeopark”.

Keywords; Mine Rehabilitation, Ecosystem Valuation, Remote Sensing, Archaeopark, SWOT
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Terkedilmis Mermer Sahasinin (Burdur) Rehabilitasyonunun Arastiriimasi.... Serkan Palas vd.,

1. Giris

Maden Tetkik ve Arama (MTA) Genel Midiirliigii Cevre Arastirmalar1 Dairesi, 2010 yilindan bu yana
bilimsel arastrma programlarn kapsaminda siirdiiriilebilirlik prensibini ve toplumsal refahi temel alan
kapsamli rehabilitasyon projeleri yiiriitmektedir. Kurumumuzun bu alandaki koklii tecriibesinin bir yansimast
olarak, ge¢mis yillarda Mugla'da Tiirkiye Komiir Isletmelerine (TKI) ait Yenikdy Linyitleri Isletmesi
Yayliktepe pasa sahasinda ve Manisa-Soma'da Ege Linyitleri Isletmesi Isiklar pasa sahasinda benzer nitelikte
dogaya yeniden kazandirma projeleri basariyla hazirlanmistir. Uluslararasi teknik standartlara uygun olarak
gelistirilen bu projeler detaya inildiginde; fiziksel, kimyasal ve peyzaj onarimini kapsayan 'teknik analiz' ile
alanin yaratacagi net toplumsal faydayi dlcen 'ekonomik degerlendirme' olmak iizere iki temel bilesen
iizerine kurgulanmaktadir. Kurumumuzun Soma ve Mugla projelerinde elde ettigi bu giicli birikim ve
multidisipliner yaklagim, Burdur'da yiiriittiiglimiiz mermer ocag: rehabilitasyon projesinin de saglam bir
temelini olusturmaktadir.

Madencilik faaliyetleriyle bozulan ekosistemin onarilmasi sorunu giiniimiizde siirdiiriilebilirlik ve
rehabilitasyon kapsaminda ele alinmaktadir. Madenlerin dogaya yeniden kazandirilmasi, ¢evresel bozulmay1
minimize ederken arazinin ekolojik olarak dengeli ve verimli bicime doniistiiriilmesini saglar (Demirbugan,
2019a; Down & Stocks, 1977). Burdur ili Yesilova ilgesi Caltepe kdyilinde bulunan terkedilmis agik mermer
ocag1, Salda Golii ve tarihi kaya mezarlarina yakinligi nedeniyle dnemli bir rekreasyonel potansiyele sahiptir.
Turizm potansiyelinin yiiksek olmasi rehabilitasyon ¢alismalarinin basarisi agisindan oldukga degerlidir. Bu
calismada, s6z konusu sahanin cevresel parametreleri ve rehabilitasyon potansiyeli multidisipliner bir
yaklagimla arastirilmis, bolgenin ¢evresel, hidrojeolojik ve peyzaj dinamikleri incelenmistir.

Burdur ilinin "ekonomik gelisiminin dinamosu" olarak nitelendirilen sektdr mermerciliktir ve bolgede
cikarllan "Burdur Beji" diinya dogal tas sektoriinde onemli bir markaya ve yere sahiptir. Burdur Beji
mermerinin ve genel olarak dogal tas iiretiminin bolge ekonomisindeki dogrudan pay1 su temel gdstergelerle
ifade edilebilir:

o Ihracattaki Biiyiik Pay: 2012 yili verilerine gore madencilik iiriinleri, Burdur ilinin imalat
ihracatinin %40’ tek basina karsilamistir (World Bank, 2016). Ayrica 2022 yili TUIK verilerine
gore de ilin ihrag ettigi lirlinlerin en basinda dogal tas ve yan iiriinleri gelmektedir.

o Uretim ve Satiy Kapasitesi: Burdur'daki mevcut mermer iiretiminin biiyiik bir kism1 olan %85’
dogrudan ihrac¢ edilmekte, geriye kalan %15°lik kisim ise i¢ piyasada satilmaktadir (Kalkan, 2018).

e Yiiksek Istihdam Oram: Bolgede 184 adet aktif olarak galisan mermer ocagi ile 124 adet mermer
fabrikas1 ve atolyesi bulunmaktadir. Bu isletmeler, Burdur ilinde 9.000'den fazla kisiye is imkani
sunmaktadir. Bu sayi, ildeki toplam istihdam degerinin iicte birine (1/3) karsilik gelerek bolge
halki i¢in hayati bir gelir kaynagi olusturmaktadir.

Mermer, dogal tas ckonomisi ve sanayisi, yarattigi bu genis ticaret hacmi ve yliksek istihdam
kapasitesiyle Burdur il ekonomisine en biiyiik katkiy1 saglayan sektordiir.

2. Calisma Sahasi

Caligma alani, Burdur ili Yesilova ilgcesindeki Derekoy ile Caltepe kdyleri arasinda bulunan (Sekil 1) ve
onceden agik isletme yontemi ile isletilmis terkedilmis bir mermer ocagidir. Ruhsat alaninda yer alan bu
sahanin igerisinde, yeralti sularinin birikmesiyle olusmus yaklasik 150x110 metre ebatlarinda bir golet
bulunmaktadir.

Cografi olarak Goller Yoresi'nin batisinda yer alan sahanin rehabilitasyonu i¢in konumundan ve ekolojik
altyapisindan kaynaklanan pek ¢ok avantaji bulunmaktadir. Yilda yaklagik 1,5 milyon turistin ziyaret ettigi
turkuaz renkli Salda Golii'ne sadece 15 km mesafede olmasi ve turizm yogunlugunun yiiksek oldugu Burdur-
Fethiye (7 km) ile Burdur-Denizli (12 km) karayollarina yakinligi alanin ulasilabilirligini ve turistik
cazibesini artirmaktadir. Sahanin sadece 400 metre giineyinde yer alan antik kaya mezarlar1 (gavur damni)
gibi arkeolojik kalintilar ile ocak i¢indeki hidrolojik olusumun (gdletin) bir arada bulunmasi, bu alanin kiiltiir
ve doga turizmini harmanlayan bir "Arkeopark" konseptiyle degerlendirilmesine biiyiik bir potansiyel
saglamaktadir. Bunlara ek olarak, madencilik faaliyetlerinden arta kalan mermer pasalarinin (artiklarinin)
alandan bagka bir yere taginmasina gerek kalmadan, dogrudan yerinde insa edilecek rekreasyonel ve mimari
yapilarda kullanilabilecek olmasi ¢ok 6nemli bir avantajdir (Sekil 2).
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Sekil 2: Calisma sahasinin bulunan pasalar ve arkeolojik kalintilar

3. Calisma Sahasinin Jeolojisi

Tiirkiye’nin giineybatisinda (Bat1 Toroslar) Burdur ili sinirlar igerisinde yer alan ¢aligma alanmin (Sekil 1)
jeolojisi; alttan iiste dogru otokton konumlu Beydaglar1 otoktonu, allokton konumlu naplar (Antalya,
Yesilbarak ve Likya naplar1) ile paraallokton ve neootokton konumlu ortii kayalarmdan olusmaktadir.
Sahanin genelinde Marmaris Peridotiti, Kizilcadag Melanj ve Olistostromu, Dutdere Kirectagi, Mamatlar
Formasyonu, Varsakyayla Formasyonu ve Cameli Formasyonu yiizeylenmektedir (Sekil 3).

Caligma alan1 ve ¢evresindeki temel jeolojik birimler su sekildedir:

Bodrum Nap1: Bélgedeki en alt yapisal birimdir ve Mallidag, Akgdl ile Oren birimleriyle temsil edilir.

Marmaris Ofiyolit Napi: Bodrum napinin iizerinde yer alan bu birim, Marmaris Peridotiti ve Kizilcadag
Melanj ve Olistostromu ile temsil edilir.

Marmaris Peridotiti: Capan (1980) tarafindan adlandirilmis olup, ¢ogunlukla serpantinit, peridotit
(agirlikli olarak harzburgit), piroksenit ve dunitlerden olusur. Birimin olusum yasi Thuizat vd., (1981)
tarafindan Apsiyen-Albiyen olarak belirlenmis olup, bolgeye yerlesimi Senel vd. (1996) tarafindan Geg
Senoniyen olarak ifade edilmistir.

Kizilcadag Melanj ve Olistostromu: Poisson (1977) tarafindan tanimlanan bu karmasik yapi; serpantinit,
radyolarit, ¢ort ve pelajik/neritik kiregtagi bloklarmi kapsar. Senel vd., (1996) birimin olusum yasini Geg
Senoniyen (Kampaniyen-Maastrihtiyen) olarak kabul etmektedir.
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Giilbahar Nap1: Ofiyolit napinin {izerinde bulunur ve Meshur vd., (1989) tarafindan adlandirilan, Jura-
Kretase yasli Orhaniye Formasyonu'nu (¢ortlii mikritler, bazik volkanitler ve radyolaritler) igerir.

Domuzdag Napt ve Dutdere Kiregtasi: Likya naplarin en iist yapisal birimidir. Ersoy (1989,1990)
tarafindan adlandirilan Dutdere Kirectas: ile temsil edilir. Orta Triyas-Liyas yash bu kirectaslari, 700 metre
kalinliga ulagabilen masif, rekristalize karbonatlardan olusur, Alanin temel ekonomik degeri olan "Burdur
Beji" mermeri, bu formasyon icerisindeki kirectaglarindan elde edilmektedir.

Karabdogiirtlen Formasyonu: Philipson (1915) tarafindan adlandirilan Geg Senoniyen yasl bu formasyon,
tabaninda kalsitiirbiditler igeren ve bloklu fliglerle temsil edilen kaotik bir yap1 sunar. Formasyonun yas ve
¢Okelme Ozellikleri Sarp (1976) ve Senel vd. (1996) tarafindan da arastirilmistir.

Mamatlar Formasyonu: Senel vd., (1989) tarafindan tanimlanmustir. Likya naplar1 iizerinde acisal
uyumsuzlukla oturan, Geg Paleosen yash s1g self ortami ¢okeli olan bol algli kiregtaglarindan olusur.

Varsakyayla Formasyonu: Poisson (1977) tarafindan adlandirilan bu formasyon, tiirbiditik karakterli
kumtasi, silttasi ve polijenik konglomeralardan olusur. Geg Liitesiyen-Priyaboniyen yashdir (Senel vd.,
1989).

Cameli Formasyonu: Erakman, vd., (1982) tarafindan adlandirilmistir. Ge¢ Miyosen-Pliyosen yasgh bu
formasyon, karasal aliivyon yelpaze ¢okelleri ve golsel karakterde kiltasi, marn, kumtasi gibi kirintililardan
meydana gelir (Goktas vd., 1989).

Kuvaterner Cokelleri: Sahada en iist ortii birimi olarak dag eteklerinde yamag molozlari (Qym) ve akarsu
yataklarindaki diizliiklerde giincel aliivyon (Qal) birikintileri bulunur

29.700 29.800 29.900

37.500 37.500

Litoloji

B Ot : Alivyon

B 0ym : Yamag Molozu

D Ple : Cakiltag-Kumtasi-Camurtase
D Tev : Kumtagi-Camurtasi-Kiregtase
D Tpm : Kiregtagt

B Kmok : Peridotit

D Kka : Kumtagi-Camurtagi-Kiregtast
[ Kmo : Peridorit

[ Kkzm : Melanj

B /Ko :Cortlii Kiregtase

B /Kor : Cort

[ /Kov: Bazalr

I /Kya : Cortlii Kiregtast

) I 7RYd : Kiregtag:

37.400 37.400

29.700 29.900

Sekil 3: Calisma sahasinin jeoloji haritast
3. Materyal ve Metot

Caligma alanimin mevceut ¢evresel durumunu ve morfolojisini belirlemek amaciyla THA &lgiimleriyle sayisal
ylikseklik modeli (DEM) ve topografik haritalar olusturulmus, eski isletme basamaklarinda olusan goletin
batimetrik etiidii tek 1s1nl1 derinlik dlger cihazlariyla gerceklestirilmistir. Kimyasal kirliligi belirlemek iizere
sahay1 ve tampon bolgeleri temsil eden 25 adet toprak ve dere sedimani ile 20 adet su numunesi alinarak
XRF ve ICP-OES analizlerine tabi tutulmustur. Agir metal kirliligini degerlendirmek i¢in Turekian ve
Wedepohl (1961) tarafindan belirlenen diinya seyl ortalamalari kullanilarak Zenginlesme Faktorii (Ef),
Jeobirikim Indeksi (Igeo), Kirlilik Faktorii (Cf) ve Kirlilik Yiikii indeksi (PLI) hesaplanmistir. Sosyo-
ekonomik ve stratejik degerlendirme i¢in ise GZFT analizi ve ekosistem degerleme yontemleri
uygulanmistir.
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Peyzaj mimarlig1 ve doga onarmmi g¢alismalar1 kapsaminda, oncelikle faaliyetini sonlandirmis mermer
ocaginin giincel durumunu, fiziksel ve g¢evresel Gzelliklerini belirlemek amaciyla detayli alan analizleri
gerceklestirilmigtir. Bu analizler dogrultusunda; topografik yapi, hakim riizgar, giineslenme yonii, su 6gesi
(golet) ve alanin hemen gilineyinde yer alan arkeolojik sit alani gibi veriler ¢akistirilarak alanin tasarim
potansiyelleri saptanmistir. Tespit edilen potansiyellere gore ziyaretgi gereksinimlerini karsilayacak bir
ihtiyag listesi (otopark, kafeterya, miize, cadir kamp alani, seyir teraslar1 vb.) belirlenmis ve bu kullanimlarin
mekansal dagilimini gosteren leke paftalari olusturulmustur. Sahanin rehabilite edilmesi amaciyla bilgisayar
destekli modelleme programlari kullanilarak 21 farkli peyzaj senaryosu firetilmis; alanin tarihi kaya
mezarlarina ve arkeolojik kalintilara yakinligi sebebiyle “Arkeopark” konsepti temel alinarak leke paftalar
6lcekli bir avan projeye doniistlirilmiistiir

Caligma sahasinin rehabilite edilebilirligini ekonomik boyutuyla incelemek amaciyla GZFT (SWOT)
analizi, ekosistem degerleme ve ticari karlilik analizlerini kapsayan biitiinlesik bir degerlendirme yontemi
izlenmistir. Stratejik planlamanin bir pargasi olarak uygulanan GZFT analizi ile alanin i¢ ¢evre faktorleri
(glicli ve zayif yonler) ile dis ¢evreden kaynaklanan kosullar (firsat ve tehditler) sistematik olarak tespit
edilmistir. Cevresel varliklarin madencilik siirecindeki degisiminin toplumsal refaha etkisini 6lgmek icin
“Toplam Ekonomik Deger (TED)” yaklasimina dayali ekosistem servis degerlemesi yapilmistir. Bu
hesaplamalarda, kiiresel ekosistem servis birim degerleri “fayda transferi yontemi” kullanilarak enflasyon
oranlar1 ve kisi basina diisen milli gelir esnekligi bazinda yerel kosullara uyarlanmistir. Onerilen peyzaj ve
rekreasyon projesinin (CDRP) finansal uygulanabilirligini belirlemek amaciyla ise cari piyasa fiyatlari
iizerinden ticari karlilik analizi gergeklestirilmis; projenin yatirim maliyetleri ve isletme gelirleri
iliskilendirilerek Fayda/Maliyet oram (F/M), Basit Karlilik Oran1 (BKO) ve Geri Odeme Siiresi (GOS) gibi
temel karlilik 6l¢iitleri hesaplanmistir.

4. Bulgular ve Tartisma

Calisma kapsaminda Insansiz Hava Araci (IHA) ugus verilerinden elde edilen 2 cm ¢dziiniirliiklii Sayisal
Yikseklik Modeli (DEM) kullanilarak alanin topografik karakteristikleri modellenmistir. Cografi Bilgi
Sistemleri (QGIS) yazilimi {izerinden islenen bu veriler yardimiyla sahanin topografik egim, egim yonii,
topografik ayrim kiimelenmeleri ve alt havza haritalari tiretilmistir.

Uretilen topografik egim haritas1 incelendiginde, rehabilitasyon projesi kapsaminda alana kurulmasi
planlanan giines enerjisi panelleri i¢in yer secimi degerlendirilmistir. Panellerin birbirini gélgelememesi ve
verim kaybi yasanmamasi adina 0-30 derece arasi egimler ideal kabul edilmis olup, mermer sahasinin bati
kisimlarinda bu kosullar1 saglayan uygun egimli alanlar tespit edilmistir (Sekil 4).

S — — ——_ﬂ
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Sekil 4: Calisma sahasinin topografik egim haritast
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Bununla birlikte, DEM verilerinin igerdigi yiikseklik bilgileriyle olusturulan topografik egim yonii
haritasina gore, giines paneli yerlesimi i¢in en verimli yon olan gilineye bakan uygun egimli topografyanin
yine ocagin bat1 kisimlarinda yogunlastigi dogrulanmistir (Sekil 5).

748200.000 748350.000 748500.000 748650.000 748800.000 748950.00}
4146450.000 4146450.000
0 75 150 m
)
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Topografik Egimlerin Yonleri
Kuzey Giiney Kuze;
4146000.000 ey SR,
748200.000 748350.000 748500.000 748650.000 748800.000 748950.00]

Sekil 5: Calisma Sahasinin topografik egim yonleri haritasi

Calisma bolgesindeki morfolojik yapilarin siniflandirilmasi amaciyla topografik ayrim kiimelenmeleri
calisilmistir. Analiz sonucunda alanda {i¢ ana topografik ayrim saptanmistir: Ruhsat igerisindeki golet ve
dogal sulama kanallarindan olusan su kiitleleri, tarla olarak kullanilan alanlar ve mermer artiklarinin

bulundugu pasa yiginlaridir (Sekil 6).
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Sekil 6: Calisma sahasinin topografik ayrim kiimelenmeleri haritas
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Hidrolojik degerlendirmeler kapsaminda ruhsat alani igerisindeki su ayrim ¢izgileri (alt havzalar)
belirlenmis ve alan igerisinde toplam 5 adet alt havza oldugu saptanmistir. Rehabilitasyon arastirmalarinin
odak noktasi olan ve ocak bdlgesini kapsayan ana alt havzanin yaklasik 5 hektar biiyiikliigiinde oldugu
hesaplanmistir. Bu havzanin negatif rolyefinin tabani dogrudan ocak ¢ukurunda yer almakta olup, alandaki
ylizey akiglarinin yoniiniin ocaga dogru oldugu belirlenmistir (Sekil 7). Ocak igerisinde bulunan su kiitlesi
agirlikli olarak yeralti suyuyla beslense de topografik egim ve havza simirlart sebebiyle az da olsa yer iistii
besleniminin de hidrolojik biitceye katki sagladig1 goriilmektedir.
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Sekil 7: Calisma bélgesinde yer alan alt havzalar: gosterir harita

Batimetrik Olglimler sonucunda ocak igindeki gdletin en derin noktasinin 9,6 metre oldugu, genel
derinligin ise 3 ila 9 metre araliginda degistigi tespit edilmistir (Sekil 8).
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Sekil 8: Calisma bolgesinde yer alan ocagin batimetri haritas

90



Terkedilmis Mermer Sahasinin (Burdur) Rehabilitasyonunun Arastiriimasi.... Serkan Palas vd.,

IHA verileri kullanilarak hesaplanan 137.886 m® (yaklasik 366.227 ton) mermer 9lasasinin, fiziksel ve
kimyasal uygunlugu incelendiginde; seker sanayii, lastik-kauguk sektorii ve cesitli insaat agregalari (dolgu ve
asfalt karisimi) olarak kullanima uygun oldugu tespit edilmistir (Cizelge 1). Atiklarin bu sekilde
degerlendirilmesi, madencilik sonrasi atik yiikiinii azaltarak dongiisel ekonomiye katki saglamaktadir
(Kalayct & Uzun, 2016).

Tablo 1: Mermer artiklarumin (91asasinin) endiistriyel kullanim alanlart ve ekonomik potansiyeli

Degerlendirme Kriteri Miktar / Ekonomik Potansiyel
Toplam Pasa Hacmi 137.886,75 m3.
Toplam Artik (Pasa) Agirhg: 366.227,61 ton.

Seker Sanayisinde Kullanimi Icerdigi Kalsiyum Karbonat (CaCOs) oraninin %98,3 olmasi (standart>%95) sebebiyle, seker
iiretiminde pancar serbetinin aritilmasinda agartict hammadde olarak yiiksek ekonomik degere

sahiptir,
Lastik-Aktif Kaucuk Gerekli fiziksel ve kimyasal standartlari sagladig1 i¢in kauguk sektdriinde ve lastik hamurunda, karbon
Sanayisinde Kullanim karasi yerine dolgu malzemesi olarak giivenle kullanilabilir,
insaat ve Karayolu Don kaybu, parcalanma direnci ve su emme gibi Karayollar1 Teknik Sartnamesi testlerini gecerek; tas
Sektoriinde (Agrega) dolgu, asfalt karisumi (bitiimlii sathi kaplama), temel ve alt temel yap1 malzemesi olarak ingaat
Kullanimi sektoriinde dogrudan ekonomik girdi saglar,
Dogrudan Uretim (Blok Sahanin igletildigi donemde pasa (artik) oraninin %97, blok mermer veriminin ise %3 (10.051 ton)
Mermer) Degeri oldugu hesaplanmistir. Bu mermer iiretiminin sagladig: dogrudan ticari fayda (toplam ekosistem
faydasi i¢inde) 60.007,731 TL olarak belirlenmistir,
Dolayl Ekonomik Fayda Atik yigmlarinin baska bir yere tasinmasina gerek kalmadan yerinde insa edilecek rekreasyon
(Enerji/Nakliye) yapilarinda kullanilmasi, nakliye maliyetlerini sifirlayarak ¢ok 6nemli bir enerji tasarrufu ve

ekonomik kazang saglar.

Jeokimyasal analizlerde toprak ve sediman numunelerinde Nikel (Ni), Krom (Cr) ve Magnezyum (MgO)
gibi elementlerin yiiksek oldugu goriilse de bu durumun antropojenik (insan kaynakli) olmadigi, Kizilcadag
Melanj1 igerisindeki ofiyolitik kayaclarin (peridotit) dogal yapisindan kaynaklandigi belirlenmistir. Nitekim
Kirlilik Yiikii indeksi (PLI) sonuglarina gore alanin geneli (22 6rnekte katsay1 1’in altinda kalmistir) agir
metaller acisindan kirlenmemis olarak siiflandirilmistir (Sekil 9). Yeralti ve yiizey sularinin analizi
sonucunda, sularin tarimsal pompaj sulamasi ve rekreasyonel kullanim i¢in Wilcox diyagramina gore “gok
iyi” kalitede oldugu goriilmiistiir (Sekil 10).

29.780 BTR-12,_BTR-13 29.800 29.820
“BTR-11
BTR-14
37.440 . 37.440
BTR-15
BTR-16
BTR-22, ,BTR-1 BTR-24
... 23__.BTR_25.BTR_2 BTR-10,
- RA
BTR-6 e
BTR3 BTR4
o ‘
BTRA7, BIR9
JBTR7
BTR-8
37.420 ) : 37.420
0 9 BTR-18
29.780 29.80 29.820

0 25 500m PLI
[ — L -
A 0.65 1.03

Sekil 9: Toprak ve dere sedimanlarimin PLI dagilim haritas:
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Yapilan alan analizleri sonucunda, sahanin giineyinde bulunan arkeolojik sit alaninin (kaya mezarlari)
varlig1 ve Salda Golii'ne olan yakinligr dikkate alinarak alan i¢in bir "Arkeopark” konsepti 6n plana ¢ikmis
ve bu dogrultuda 21 farkli peyzaj senaryosu modellenmistir. Avan proje kapsaminda alan icerisinde rahat ve
etkili bir dolasim saglamak amaciyla ii¢c ana aks belirlenmistir; bunlar alanin kuzeyinden kafeterya ve
etkinlik alanina giden ara¢ yolu, sahanin ortasinda dolagimi saglayan yaya aksi ve batidan kafeterya ile
miizeyi birbirine baglayan yaya yoludur.
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Sekil 10: Yeraltr ve yiizey sularimin analizi sonuglarinin Wilcox diyagraminda degerlendirilmesi

Tespit edilen potansiyellere gore ziyaret¢i gereksinimlerini karsilayacak bir ihtiyag listesi (Sekil 11)
(otopark, kafeterya, miize, cadir kamp alani, seyir teraslart vb.) belirlenmis ve bu kullanimlarin mekansal
dagilimim gosteren leke paftalart olusturulmustur. Ziyaret¢i potansiyeli ve alanin dogal yapisi géz Oniine
almarak olusturulan ihtiya¢ programi dogrultusunda alana; 100 kisilik bir amfi-tiyatro, gél manzarali agik ve
kapali kafeterya, cadir kamp alani, seyir teraslar1 ve yorenin endiistriyel gegmisini yansitan bir maden miizesi
konumlandirilmistir. Ziyaretci ve personel kapasitesi diisiiniilerek alanin {i¢ farkli noktasinda (dogu, kuzey
ve gliney) binek ara¢ otoparki ile turistik otobiisler i¢in 5 araglik ek bir otopark tasarlanmustir.

Ocak c¢ukurunda biriken ve su kalitesi yliksek olan gdletin rekreasyonel potansiyelini degerlendirmek
amaciyla, golet icerisinde kano ve sal gezinti alanlari ile balik tutma platformlar1 olusturulmustur. Ayrica
golet tabanina atik mermerlerden yapilan heykellerin yerlestirilecegi yenilik¢i bir dalis alan1 da tasarima
entegre edilmistir. Alanin bitkisel onarim (reklamasyon) safhasinda ise topografyaya tamamen dogal bir
goriiniim kazandirmak ve bolgenin kurak iklim kosullarina karsi yiiksek hayatta kalma orani saglamak
amaciyla yoreye 6zgili karagcam (Pinus nigra Arn. subsp. pallasiana (Lamb.) Holmboe), kizilgam (Pinus brutia
Ten.) ve Toros sediri (Cedrus libani A. Rich.) gibi dogal taksonlarin kullanimi1 uygun bulunmustur. Elde
edilen bu tasarim bulgulari, terkedilmis maden sahalarin atik yonetimi ve peyzaj mimarligi disiplinleriyle
entegre edilerek siirdiiriilebilir, ekolojik ve ekonomik ac¢idan degerli alanlara doniistiiriilebilecegini
kanitlamaktadir.

Alanin tarihi kaya mezarlarina ve arkeolojik kalintilara yakinlig1 sebebiyle "Arkeopark" konsepti temel
alinarak leke paftalar1 6lgekli bir avam projeye doniistiiriilerek final senaryosu ¢izilmistir (Sekil 12).
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Sekil 12: Avam Proje (Peyzaj Mimarlig teknik usul ve esaslarina gore ¢izilmis) final senaryosu
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Gergeklestirilen GZFT (SWOT) analizi sonucunda, sahanin igerisinde olusan gdletin ve hemen gilineyinde
yer alan arkeolojik sit alaninin (kaya mezarlar1) rekreasyon ve kiiltiir turizmi amaciyla degerlendirilmesi
projenin en giiglii yonii ve firsati olarak belirlenmis; bu dogrultuda alana 6zgii entegre bir "Arkeopark"
projesi gelistirilmistir. Cevresel varliklarin madencilik ve onarim siirecindeki degisimini 6lgen ekosistem
servis degerlemesi hesaplamalarina gore; mermer iiretimi, pompaj sulamasi, rekreasyon ve iklim/su akimi
diizenleme gibi ekosistem faydalarindan mahrum kalinan tarimsal maliyetler ¢ikarildiginda, projenin Net
Ekosistem Servis Faydas1 154.976.490 TL olarak bulunmustur. Onerilen peyzaj ve rekreasyon projesinin
(CDRP) ticari karlilik analizi sonuglarina gore ise; projenin toplam yatirim tutar1 1.337.761 TL, proje omrii
(50 y1l) boyunca saglayacagt Toplam Ticari Fayda ise 28.637.864 TL olarak hesaplanmistir. Temel karlilik
Olciitleri incelendiginde; Fayda/Maliyet oran1 (F/M) 21.41, Basit Karlilik Oran1 (BKO) 0.45 ve yatirimlarin
Geri Odeme Siiresi (GOS) 2,23 yil gibi oldukea kisa bir siire olarak tespit edilmistir.

5. Sonuclar

Terkedilmis maden sahasinin Salda Golii'ne ve ¢evresindeki tarihi kalintilara olan yakinligi, alanin ekoturizm
ve kiiltiir turizmi entegrasyonuyla bir "Arkeopark" olarak degerlendirilmesini miimkiin kilmaktadir. Mermer
artiklarinin endiistriyel hammadde olarak sahada geri kazanimi, heykeltiraslik ¢alismalarinda kullanimi ve
goblet suyunun tarimsal sulama ile degerlendirilmesi, projenin ekosistem net faydasini maksimize etmistir.
Yapilan ekonomik degerleme analizleri, projenin toplam ekonomik faydasinin olduk¢a yiiksek oldugunu
(yaklasik 183 milyon TL) ve yapilan ¢evresel yatirimlarin kisa siirede geri donebilecegini gostermistir.

Sonug olarak bu alan, siirdiiriilebilirlik ilkelerine uygun olarak tasarlanan peyzaj onarim projeleri ile
topluma ve ekonomiye kazandirilabilir.

Tesekkiir

Bu calismaya lojistik ve bilimsel anlamda destek veren T.C. Burdur il Ozel Idaresine, Burdur AFAD il
Midiirliigiine, MTA Deniz Arastirmalart Dairesi Bagkanligina ve MTA Jeofizik Etiitleri Daire Bagkanligina
tesekkiir ederiz.
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Ozet

Bu ¢alisma, Soma (Kisrakdere) bolgesindeki acik ocak maden sahasuin 1990-2024 yillari arasindaki 34 yillik
degisimini bulut tabanli uzaktan algilama teknolojileri (Google Earth Engine) kullanarak analiz etmeyi
amaglamaktadir. Landsat (L5, L7, LS8, L9) uydu goriintiileri kullanilarak 5 yillik araliklarla bulutsuz kompozit
goriintiiler olusturulmugtur. Stiflandirma isleminde ESA WorldCover verileriyle egitilen Random Forest (RF)
algoritmast kullanmilmis ve %99,55 gibi yiiksek bir genel dogruluk skoru elde edilmistir. Analizler, maden
sahasmin 2000 yuina kadar genisledigini, ancak bu tarihten sonra sistematik rehabilitasyon ¢alismalariyla
orman varligimin %84 oraminda arttigim géstermistir. Ayrica yiizey Albedo degisimleri, sahanin ekolojik geri
kazammin kantitatif olarak dogrulamaktadir. Ayrica yiizey Albedo degisimleri, sahanin ekolojik olarak geri
kazamminm kantitatif olarak dogrulamaktadir.

Anahtar Kelimeler: Arazi Kullanimi Degisimi, Google Earth Engine, Albedo, Maden Rehabilitasyonu,
Uzaktan Algilama.

Time Series Analysis of Land Degradation and Rehabilitation Success in Open-Pit Mining:
Kisrakdere (Soma) Albedo and Land Cover Change

Abstract

This study aims to analyze the 34-year spatio-temporal evolution of an open-pit mine site in the Soma
(Kisrakdere) region between 1990 and 2024, utilizing cloud-based remote sensing technologies
(Google Earth Engine). Cloud-free composites were generated at five-year intervals using imagery
acquired from Landsat (L5, L7, L8, L9) sensors. For land cover classification, the Random Forest
(RF) algorithm was employed, trained with samples derived from the ESA WorldCover dataset,
achieving a high overall accuracy score of 99.55%. Analyses indicate that the mining site expanded
until 2000; however, after this period, systematic rehabilitation efforts led to an 84% increase in forest
coverage. Furthermore, changes in surface Albedo quantitatively verify the ecological recovery of
the site.

Keywords: Land Use Change, Google Earth Engine, Albedo, Mine Rehabilitation, Remote Sensing.
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1. Giris

Acik ocak madenciligi, ekonomik kalkinma i¢in kritik hammadde saglarken, operasyonel siiregleri boyunca
yerel ekosistemler iizerinde derin ve genellikle kalici izler birakmaktadir. Bu faaliyetler, bitki Ortiisiiniin
tamamen kaldirilmasi, toprak profilinin bozulmasi ve topografyanin yeniden sekillenmesi gibi siirecleri
kapsayarak arazi kullaniminda (LULC) radikal degisimlere neden olmaktadir (Townsend vd., 2009). Ozellikle
komiir madenciligi gibi genis alanlara yayilan operasyonlarda, cevresel etkilerin izlenmesi ve operasyon
sonrasi rehabilitasyon basarisinin degerlendirilmesi, siirdiiriilebilir madencilik yonetimi i¢in zorunluluk arz
etmektedir (Kavct, 2014).

Maden sahalarimin izlenmesinde geleneksel yontemler, sahanin dinamik yapis1 ve genis 6l¢egi nedeniyle
zaman ve maliyet acisindan kisith kalmaktadir. Buna karsin, son elli yilda uzaktan algilama teknolojileri,
madencilik faaliyetlerinin ¢evresel ayak izini takip etmede ve ekolojik iyilesmeyi nicellestirmede en etkin
yontem haline gelmistir (McKenna vd., 2020). Bu baglamda, Google Earth Engine (GEE) gibi bulut tabanli
platformlar, Landsat arsivindeki onlarca yillik veriyi makine 6grenmesi algoritmalariyla isleyerek uzun siireli
zaman serisi analizlerine olanak tanimaktadir (Yuan vd., 2022). Maden sahalarindaki arazi degisimlerini
simiflandirmak i¢in Random Forest (RF) gibi algoritmalarin kullanilmasi, karmasik arazi ortiisii siniflarinda
yiiksek dogruluk degerlerine ulasilmasini saglamaktadir (Loskot, 2023).

Ekolojik restorasyon siireglerinde, sadece bitki ortiisii sikligini izlemek yeterli olmayip, ylizeyin fiziksel
ozelliklerindeki degisimlerin de incelenmesi gerekmektedir. Yiizey yansiticiligi (Albedo), giines enerjisinin
yiizey tarafindan ne kadarimin geri yansitildigini belirleyerek sahanin biyogeofiziksel durumu hakkinda kritik
veriler sunmaktadir (Chen vd., 2017). Maden sahasinin acgilmasiyla artan yiizey yansiticiligi, basarili bir
rehabilitasyon siireciyle birlikte bitki Ortiisiiniin yeniden tesisi sonucunda tekrar dengeye kavusmaktadir (Chen
vd., 2025). Bu nedenle Albedo, rehabilitasyonun basarisini 6lgmek igin nesnel bir gdsterge olarak kabul
edilmektedir (Zhang vd., 2023).

Tiirkiye'de madencilik sonrasi ekolojik rehabilitasyon calismalari, yasal diizenlemelerle desteklense de
uygulama asamasinda ¢esitli zorluklarla karsilasilmaktadir (Fidan & Bayrak, 2019). Bu calisma, Soma
(Kisrakdere) agik ocak linyit igletmesinde 1990-2024 yillar1 arasindaki 34 yillik siireci analiz etmeyi
amaglamaktadir. Calisma kapsaminda, GEE platformu {izerinden Landsat verileri kullanilarak Albedo
degisimleri hesaplanmis ve Random Forest algoritmas ile arazi Ortiisii degisimleri siniflandirilmigtir. Elde
edilen bulgular, bolgedeki madencilik faaliyetlerinin mekansal yayilimini ve es zamanlh olarak yiiriitiilen
rehabilitasyon ¢alismalarinin etkinligini sayisal verilerle ortaya koymaktadir.

2. Literatiir

Acik ocak madencilik faaliyetleri, topografya ve arazi Ortiisii lizerinde hizli ve genis ¢apli degisimlere
neden olan dinamik siireglerdir. Bu degisimlerin ekosistem servisleri, biyogesitlilik ve ¢evresel
stirdiriilebilirlik {izerindeki etkilerinin dogru bir sekilde nicellestirilmesi biiyiik dnem tagimaktadir (Townsend
vd., 2009). Geleneksel arazi ¢alismalar1 bu tiir genis alanlarin izlenmesinde maliyet ve zaman agisindan sinirh
kalirken, son elli yilda gelisen uzaktan algilama teknolojileri maden sahalarinin izlenmesinde ve restorasyon
stireclerinin degerlendirilmesinde temel arag haline gelmistir (McKenna vd., 2020).

Maden sahalarinda restorasyonun basarisi, genellikle bitki Ortiisiiniin yeniden tesisi ve ekolojik dengenin
kurulmasiyla dl¢iilmektedir. Ancak, dokiim sahalar1 gibi alanlarda bitki restorasyon siireci kararsiz bir yapi
sergileyebilmekte ve bu durum siirekli izlemeyi zorunlu kilmaktadir (Zhang vd., 2023). Ozellikle yar1 kurak
bolgelerde yiiriitiilen ekolojik restorasyon c¢aligmalarmin biyogeofiziksel etkileri, ylizey albedosu ve ylizey
sicaklig1 gibi parametreler lizerinden takip edilebilmektedir (Chen vd., 2017). Yiizey yansiticiligt (Albedo),
yilizeydeki fiziksel degisimleri ve rehabilitasyon basarisin1 dlgmede hassas bir gosterge olarak kabul
edilmektedir. Restorasyon Oncesi ve sonrasi siireclerde yiizey sicakligi degisimlerinin izlenmesi, sahadaki
ekolojik iyilesmenin termal boyuttaki yansimalarinmi da ortaya koymaktadir (Chen vd., 2025).

Tirkiye 6zelinde madencilik faaliyetleri sonrasi dogaya yeniden kazandirma galigsmalari, hem yasal
zorunluluklar hem de siirdiiriilebilir madencilik ilkeleri ¢ergevesinde ele alinmaktadir. Fidan ve Bayrak (2019),
Tiirkiye’deki madencilik sonrasi ekolojik rehabilitasyonun karsilastigi temel sorunlart vurgulayarak, bu
stireclerin sadece bitkilendirme degil, biitiinciil bir ekosistem tasarimi gerektirdigini belirtmektedir. Cografi
Bilgi Sistemleri (CBS) ve uzaktan algilama entegrasyonu, maden kapatma planlarinin ve dogaya yeniden
kazandirma projelerinin daha etkin yonetilmesini saglamaktadir (Kavei, 2014).
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Son yillarda, Google Earth Engine gibi bulut tabanli platformlarin ve Random Forest (RF) gibi makine
Ogrenmesi algoritmalarinin kullanimi, uzun siireli zaman serisi analizlerinin dogrulugunu artirmistir (Yuan
vd., 2022). Bu yontemler, maden sahalarindaki arazi kullanim degisikliklerini ve rehabilitasyon sahalarinin
izlenmesini otomatiklestirerek, karar vericilere diisiik maliyetli ve giivenilir veriler sunmaktadir (Loskot,
2023).

3. Materyal ve Metot
3.1. Calisma Alam

Bu ¢aligma, Tiirkiye'nin en 6nemli linyit havzalarindan biri olan Manisa ilinin Soma ilgesindeki Kisrakdere
acik ocak maden sahasinda yiiriitilmiistiir. Ege Bolgesi’nde yer alan ¢alisma alani, Akdeniz ikliminin etkisi
altinda olup, madencilik faaliyetleri dncesinde yogun orman ve tarim arazilerine sahiptir. Kisrakdere sahasi,
1990'1 yillardan giiniimiize kadar siirekli genisleyen kazi alanlar1 ve es zamanli olarak yiiriitiilen rehabilitasyon
(dokiim sahalarmin bitkilendirilmesi) ¢calismalariyla dinamik bir arazi degisim yapisi sergilemektedir.

3.2. Veri Kaynaklari ve Bulut Bilisim Platformu

Caligmanin 34 yillik (1990-2024) zaman serisi analizi, Google Earth Engine (GEE) bulut bilisim platformu
iizerinde gerceklestirilmistir. GEE, biiyiikk 6l¢ekli uydu verilerinin yerel donanim gereksinimi olmadan
islenmesine olanak tanimaktadir (Yuan vd., 2022). Analizlerde kullanilan ana veri kaynagi Landsat uydu
arsividir:

e 1990-2010 donemi: Landsat 5 (TM) ve Landsat 7 (ETM+) verileri.
e 2015-2024 donemi: Landsat 8 (OLI) ve Landsat 9 (OLI-2) verileri.

Her 5 yillik periyot igin (1990, 1995, 2000, 2005, 2010, 2015, 2020 ve 2024) vejetasyon donemine
(Haziran-Eyliil) ait bulutsuz (cloud-free) kompozit goriintiiler olusturulmustur. Bulut ve golge maskeleme
islemleri GEE kiitiiphanelerindeki algoritmalarla otomatik olarak yapilmistir.

3.3. Arazi Ortiisii Stmflandirmasi ve Random Forest

Arazi Ortiisii degisimlerini belirlemek amaciyla makine 6grenmesi tabanli Random Forest (RF) algoritmasi
kullanilmistir. RF algoritmasi, maden sahalar1 gibi spektral agidan karmasik alanlarda yiiksek dogruluk
sunmasi nedeniyle tercih edilmistir (McKenna vd., 2020).

e Egitim Verileri: Stniflandirma modelini egitmek i¢in ESA WorldCover 2020 veri setinden
tiiretilen referans 6rnekler kullanilmugtir.

e Simflar: Arazi ortiisii; Orman/Bitki Ortiisii, Maden (Kazi ve Pasa), Tarum, Yerlesim ve Su
olmak iizere ana siniflara ayrilmistir.

e Uygulama: Tiim yillar i¢in tutarlilig1 saglamak amaciyla, egitilen model 34 yillik tiim veri
setine uygulanarak hektar bazinda alan hesaplamalar1 yapilmustir.

L]

3.4. Albedo Hesaplama Yontemi

Yiizeyin fiziksel degisimlerini nicellestirmek i¢in kisa dalga yiizey albedosu hesaplanmistir. Albedo, yiizey
yansiticiliginin (surface reflectance) agirlikli ortalamasi olarak formiile edilmistir. Hesaplamalarda, uydu
sensorlerinin farkli spektral araliklarini normalize eden ve literatiirde kabul gérmiis olan Liang (2001)
doniigim katsayilar1 kullanilmistir. Elde edilen Albedo degerleri 0 ile 1 arasinda normalize edilerek,
madencilik faaliyetleri (yliksek yansiticilik) ve rehabilitasyon (diisiik yansiticilik) arasindaki gegislerin
zamansal analizi yapilmstir.

3.5. Dogruluk Analizi (Accuracy Assessment)

Siniflandirma sonuglarinin giivenilirligini test etmek i¢in her periyot igin "Karmagiklik Matrisi" (Confusion
Matrix) olusturulmustur. Bagimsiz kontrol noktalar1 kullanilarak Genel Dogruluk (Overall Accuracy) ve
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Kappa katsayilar1 hesaplanmistir. Calismada hedeflenen minimum genel dogruluk diizeyi %85 olarak
belirlenmistir.

Tablo 1. Dogruluk Analizi

Producer's Accuracy User's Accuracy
Simif (%) (%)
Su / Sulak Alan 100 99.01
Orman 99.5 99.5
Cal1 / Fundalik 99 99.5
Mera / Otlak 99 100
Tarim 99.5 99.5
Ciplak Toprak 99.5 100
Yerlesim /
Yapay 100 100
Diger 100 98.73
Karisiklik Matrisi (Confusion Matrix) 200
& & &

Tahmin Edilen Sinif

Sekil 1: Karmagsiklik Matrisi
4. Bulgular ve Tartisma
4.1. Arazi Ortiisii Degisim Analizi (1990-2024)
Yapilan Random Forest simiflandirmasi sonucunda Kisrakdere bolgesindeki arazi kullanim degisimleri

hektar (ha) cinsinden hesaplanmistir. Asagidaki tablo, 34 yillik siirecteki temel siniflarin zamansal degisimini
Ozetlemektedir:
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Land Use / Land Cover Legend
W Su/Sulak Alan B Cali / Fundahk Tanm W Yerlesim / Yapay
N Orman Mera / Otlak EEm Cplak Toprak WM Diger

Sekil 2: Arazi Ortiisii Degisim Analizi (1990-2024)

Tablo 2. Kisrakdere Bolgesi Arazi Ortiisii Degisimi (1990-2024)

Simif Kodu Simf Adi 1990 1995 2000 2005 2010 2015 2020 2024
10 Su/Sulak Alan  1229.71 1786.07 1326.56 1499.75 1508.66 1911.18 2106.87 2100.53
20 Orman 169.83  259.18 180.73  180.15 288.01  438.87 502.64 312.41
30 Cali/ Fundalik  1212.33  888.62 764.7 917.75 1054.68 906.28 91493 1118.76
40 Mera / Otlak 640.58  634.65 452 432.59  467.57 478.85  522.58  488.21
50 Tarim 1195.86 136422 2031.07 19732 1596.02 107439 870.41 113847
60 Ciplak Toprak ~ 805.83  862.72 975.86 1211.82 1386.33 1518.17 1404.24 1059.57

Yerlesim /

80 Yapay 600.3 426.79 45374 237.77 19244 179.73  163.38  230.67
90 Diger 669.29  301.46  339.08 70.69 30.03 16.26 38.68 75.11

*Not: 50 ve 60 kodlart maden tesisleri ve acik ocak alanlarini temsil etmektedir.
4.2. Rehabilitasyon Basarisinin Degerlendirilmesi

Veriler incelendiginde, 1990 yilinda 169,83 ha olan orman varliginin, madencilik faaliyetlerini takiben
2024 yilinda 312,41 ha seviyesine ¢iktigi goriilmektedir. Bu durum, bolgede yiiriitillen agaglandirma
caligmalarinin basarili oldugunu kanitlamaktadir. Maden ve ¢iplak toprak alanlarinin (Kod 50 ve 60) 2000
yilinda gozlenen pik degerinin ardindan diislise gegmesi, iiretim faaliyetleri tamamlanan sahalarin hizla dogaya
yeniden kazandirildigini gostermektedir.

4.3. Smiflandirma Dogrulugu ve Model Performansi

Random Forest algoritmasi ile gergeklestirilen arazi ortiisii siniflandirmasinin basarisi, GEE platformu
iizerinden Out-of-Bag (OOB) yontemi ile test edilmistir. Yapilan analiz sonucunda modelin Genel Dogruluk
(Overall Accuracy) skoru %99,55 olarak hesaplanmistir (Bkz. Tablo.1). Bu yiiksek dogruluk orani, ESA
WorldCover egitim verilerinin sahanin spektral 6zelliklerini temsil etmede ve Random Forest algoritmasinin

karmasik maden peyzajini ayirt etmede oldukega etkin oldugunu kanitlamaktadir.

4.4. Arazi Ortiisii Degisim Analizi (1990-2024)

100



Acik Ocak Madenciliginde Arazi Bozulmasi ve Rehabilitasyon Basarisinin Zaman... Mehmet Sedat Akdag

34 yillik siiregte Kisrakdere sahasindaki degisimler, madencilik faaliyetlerinin yayilimi ve rehabilitasyon
caligmalarinin basaris1 agisindan iki ana evreye ayrilmaktadir. Asagidaki tabloda siniflarin hektar (ha) bazh
degisimi sunulmustur.

Verilerin Analizi:

e Madencilik Yayilimi: 1990 yilinda yaklasik 2001 ha olan toplam maden ve ciplak yiizey alani, 2000
yilinda zirve noktasina ulasarak 3006,93 ha seviyesine ¢ikmistir. Bu 10 yillik periyot, sahadaki
dekapaj faaliyetlerinin en yogun oldugu dénemi temsil etmektedir.

¢ Rehabilitasyon ve Orman Varligi: 2000 yilindan sonra orman varliginda (Sinif 10) diizenli bir artig
gbzlenmistir. 1990 yilinda 1229,71 ha olan orman alani, 2024 yilinda 2100,53 ha degerine ulasarak
%70'lik bir artis sergilemistir. Bu artisin, 6zellikle eski dokiim sahalarinin agaglandirilmasi ve ekolojik
restorasyon stireclerinin bir sonucu oldugu degerlendirilmektedir (Townsend vd., 2009).

4.5. Yiizey Albedo Degisimleri ve Ekolojik Etki

Arazi Ortiisii degisimlerine paralel olarak hesaplanan Albedo degerleri, yiizeyin enerji dengesindeki
degisimi yansitmaktadir. Maden agma (dekapaj) faaliyetleri sirasinda bitki Ortiisiiniin kaldirilmasi ve parlak
ana kayanin (linyit iist tabakalar1) aciga cikmasi, bolgenin Albedo degerlerinde belirgin bir artisa neden
olmustur. Ancak, 2010 yilindan itibaren orman varligindaki artisla birlikte Albedo degerlerinin tekrar diisiis
egilimine girdigi ve sahanin biyogeofiziksel olarak maden Oncesi durumuna yaklasmaya basladigi
gozlemlenmistir. 1990-2024 fark haritas1 (Difference Map), rehabilitasyonun basariyla tamamlandigi
alanlarda negatif Albedo degisimi (yiizeyin koyulagmasi ve vejetasyon tesisi) ile kendini gostermektedir.
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Sekil 3: Albedo Analizi
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5. Sonuc¢

Bu calisma, Soma-Kisrakdere agik ocak linyit maden sahasinin 1990-2024 yillar1 arasindaki 34 yillik
degisimini, bulut tabanli uzaktan algilama teknikleri (Google Earth Engine) ve Random Forest algoritmasi
kullanarak analiz etmistir. Elde edilen bulgular dogrultusunda su temel sonuglara ulasilmistir:

e Metodolojik Basari: ESA WorldCover verileriyle egitilen Random Forest modelinin %99,55 genel
dogruluk oranina ulagmasi , Landsat zaman serilerinin maden sahalarindaki karmasik arazi degisimlerini
izlemede son derece giivenilir oldugunu gdstermistir. Sinif bazli analizlerde, 6zellikle "Yerlesim/Yapay"
ve "Su/Sulak Alan" siniflarinda %100 iiretici dogrulugu elde edilmistir.

e Alan Degisimi ve Rehabilitasyon: 1990-2000 yillar1 arasinda madencilik faaliyetlerinin yogunlagmasiyla
maden ve ¢iplak toprak alanlarinda belirgin bir artis gozlenmistir. Ancak, 2000 yilindan sonra sistematik
olarak yiiriitiilen rehabilitasyon caligmalar1 sayesinde, 1990 yilinda 169,83 ha olan orman varligi, 2024 yili
itibariyla 312,41 ha seviyesine ulasarak yaklasik %84 oraninda bir artig sergilemistir. Bu sonug, sahanin
maden 6ncesi durumun da 6tesinde bir ekolojik iyilesme gdsterdigini kanitlamaktadir.

e Albedo ve Yiizey Karakteristigi: Maden dekapaji1 ile artan yiizey parlakligr (0,2 - 0,3 Albedo bandi),
bitkilendirme c¢aligmalariyla birlikte yerini daha diisiik Albedo degerlerine birakmugtir. Albedo fark
haritasinda (Difference Map) goriilen negatif degisimler, sahanin sadece gorsel olarak degil,
biyogeofiziksel enerji dengesi agisindan da ekosisteme yeniden kazandirildiginin somut bir gostergesidir.

e Siirdirilebilirlik: Gelistirilen bu yontem, genis Olgekli maden sahalarinin diisiik maliyetle, yliksek
dogrulukla ve periyodik olarak izlenmesi i¢in karar vericilere giiglii bir izleme araci sunmaktadir.

Sonug olarak; Kisrakdere sahasi, madencilik sonrasi dogaya yeniden kazandirma ¢aligmalarinin zamansal
ve mekansal olarak bagarili bir 6rnegini teskil etmektedir.
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Abstract

In this study, we develop the first 3D geological reconstruction of the Tuchlovice mine in the Kladno Coal
Basin, Czech Republic. Because the site historically lacked digital 3D documentation, we had to rely entirely
on rescuing legacy data from old analog maps and 2D records. Our main goal was to turn these historical
archives into a precise Digital Twin to evaluate the surface uplift risks currently triggered by mine
flooding. To do this, we integrated coal seam thickness, tunnels, shafts and tectonic fault data with high-
resolution LiDAR topography, using a combination of Rhino 8 and custom Python scripts. A significant part
of our work focused on cleaning up and simplifying the complex mining perimeters and fault planes, a
necessary step to ensure numerical stability for later simulations in Flac3D. The results show exactly how
tectonic displacements split the coal seams into separate hydraulic compartments, which explains the uneven
deformation we see on the surface. Ultimately, this model creates a mathematically solid foundation, bridging
the gap between old mining records and modern satellite monitoring (InSAR/GNSS) to help predict future
ground movements.

Keywords; Geo-hazard, Underground Coal Mine, Flooding of Coal Mine, Surface Uplift, Kladno Coal Basin

1. Introduction

Deep underground mining inevitably breaks the balance of the overlying rock strata. These movements
work their way up to the surface, where they eventually form subsidence basins. But the issue doesn't disappear
once the pumps stop and the mines are abandoned. Even after closure, the ground continues to shift, often
through uneven deformations that make it very difficult to repurpose these post-mining landscapes. To deal
with this, we have to understand exactly what is happening inside the rock mass during this transition period
[Sokota-Szewiota et al, 2023].

Based on their identification and understanding, we are subsequently able to predict the behavior of the
affected surface and make relevant decisions. After mine closure, surface uplift generally occurs due to the
flooding of abandoned underground workings. These manifestations may arise from two main causes.

The first cause is usually the release of elastic deformations in the overburden above the mined seams. The
second cause may be the swelling of rocks within a previously drained rock mass. Is assumed that surface
uplifts over time will reach 2—5% of the total subsidence at a given locality [Pottgens, 1985]. Thanks to modern
satellite technologies, it is possible to analyze time series of satellite images of the Earth's surface. Based on
outputs from the Sentinel-1 satellite, trends of surface uplift at selected closed mining sites can be
demonstrated. The data are publicly accessible on Copernicus Land Monitoring Service.

In the case of the Hamm locality in Germany, where mining was terminated in 2010, it is possible to observe
a trend of regular vertical displacements with an average rate of 15.9 mm per year [Copernicus Land
Monitoring Service]. At the site of the closed Kazimierz-Julius mine located in the Polish part of the Upper
Silesian Coal Basin, the situation is similar. Mining at this site was terminated in 2015. Processing of satellite

* Claudio G. Borel: Tel: +420776096667
E-posta: Claudio.Borel@ugn.cas.cz, Eva.Jirankova@ugn.cas.cz



Geological model of hardcoal mine flooding as a basement for numerical simulation of surface uplifts Borel et al., 2026

data clearly shows that regular surface uplift also occurs here, with an average rate of 14.3 mm per year
[Copernicus Land Monitoring Service].

What is particularly striking is how quickly these effects manifest. In those cases, the first signs of flooding
reached the surface just a year after the pumps were turned off. However, the situation in the Kladno Coal
Basin—the focus of this study—is quite different. Although mining ceased in 2002 and the workings have
been flooding ever since, the terrain has only been rising by about 4 mm per year. This rate is significantly
slower than what we see in Germany or Poland, which raises interesting questions about the local
geomechanical conditions [Copernicus Land Monitoring Service].

This paper introduces the locality and its scope. The main goal of the paper is to present a geological model
of the pilot locality (a digital twin of the pilot locality). It should be noted that the paper does not focus on the
numerical simulation of uplifts, but rather on the creation of a geological model of the area, which will serve
as the basis for subsequent numerical simulation of uplifts. Only then will it be possible to determine the
necessary relationship between flooding, i.e., the rise of mine water levels, and surface movements.

1.1. Surface deformations monitoring

Looking ahead, we know that the success of this geomechanical model depends on its calibration. To get it
right, we need a steady stream of real-world data on how the ground moves and how fast the water levels are
rising. The issue we face right now is a simple lack of measurements, which makes it impossible to fully
calibrate the model or run reliable simulations at this stage.

To bridge this data gap, we launched a field campaign in 2024 to set up a dedicated monitoring network in
the Tuchlovice area (part of the DiAMo project). This site sits in the western section of the Kladno Coal Basin,
and our goal with this new network is to pinpoint exactly how intense the flooding effects are becoming at the
surface. We chose our monitoring tools specifically to handle the expected uplift values, focusing on systems
that offer high-precision, automated tracking. The current setup is quite comprehensive, featuring 14 GNSS
receivers and 15 InSAR corner reflectors designed to catch and return the Sentinel-1 radar signal. We’ve also
included three gravimetric points to monitor gravitational acceleration using absolute gravimetry (see Fig.
N°l).

4 GNSS geodetic
¢ GNSS low cost
O satellite InSAR corner reflector

O gravimetric point /
(/| mined area //'

Figure 1. lllustration of the network of measurement points and mined areas in the Tuchlovice pilot area
The measurement network was fully prepared for monitoring by the end of 2025. Since then, digital
automatic monitoring of the synergistic effects of flooding has been underway at all points of the network

using the following methods:

(i) GNSS for the continuous measurement of position and altitude;
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(i1) Satellite InSAR technology to determine the altitude of permanent reflectors and their displacement in the
east-west direction;

(iii) Ground GB-RAR technology to determine precise changes in distance between GNSS points with direct
visibility.

The GNSS station network comprises both precise geodetic receivers and low-cost devices (Hamza et al.,
2023). The project also includes an evaluation of the suitability of low-cost devices for achieving the desired
level of accuracy for a given monitoring purpose. This will result in the determination of absolute coordinates
related to the European/global reference frame, as well as the derivation of relative 3D changes in position
over time for individual points in the monitoring network. The repeatability achievable (1o) for the determined
components of the geodetic station coordinates currently reaches several millimetres, or tenths of millimetres
per year for determining long-term linear trends (Le et al., 2025; Tunini et al., 2024). An additional outcome
will be the identification of atmospheric influences above individual stations, which can be used for
atmospheric corrections and to improve the precision of the InSAR satellite method in a given location. The
InSAR satellite method uses freely available data from the Copernicus Sentinel-1 satellite system, which scans
with an interval of 12 days per orbit. This data can be processed using specific methods for multi-temporal
analysis. Unlike other surface monitoring methods, InSAR methods provide information on ground surface
deformations across a whole area. They are therefore ideal for evaluating the formation of subsidence troughs
(Jirankova & Lazecky, 2016; Lazecky & Jirdnkova, 2013; Jirankova & Lazecky, 2022). In addition to the
network of constructed corner reflectors outside built-up areas, any points where a strong and stable radar
signal is reflected will be used in the processing.

But tracking surface movement is only half the story. To really understand the system, we also monitor the
rising water levels through piezometric sensors in the Jaroslav shaft, alongside gravimetric readings at three
key locations. We strategically placed these gravimetric points in different environments: one in the area of
maximum subsidence, one right at the Jaroslav shaft, and a third in stable ground outside the mining zone. By
repeating these absolute gravity measurements three times a year, we can detect subtle shifts in mass beneath
the surface—usually caused by the redistribution of groundwater [Palinkas et al., 2010]. Watching how these
factors work together gives us a fresh perspective on the impact of old mining sites and, most importantly,
provides the hard data we need to calibrate our simulations. Only then can we move from observation to
actually predicting how the surface will rise.

2. Materials and Methods

To accurately model how mine flooding affects the surface, we first had to build a precise spatial
representation of the coal seams and the historical mining voids. Our work focuses on the Tuchlovice Mine—
a site that serves as our pilot locality. A major hurdle in this project was the complete lack of modern digital
archives; since the mining operations took place so many years ago, there were no ready-made 3D files to
work with. To overcome this, we had to perform what was essentially a "data rescue" mission, manually
extracting information from a mix of historical paper maps and the 2002 digital reserves calculations (Nevlud
et al. 2002). We processed all this raw data using a combination of MicroStation graphics software and several
proprietary applications we developed specifically for this task.

The first step was to create a spatial network of the two mined coal seams in the pilot area (Main Kladno
coal seam and Okrajova coal seam). These were created from seam depth data from mining maps. Polygons
of excavations were also created from mining seam maps. By projecting these polygons onto the network, 3D
polygons of excavations were created. Subsequently, networks of seam thickness were created from data on
mined thickness and seam thickness from boreholes, and surface networks were created from DMT 5G data
from the State Administration of Land Surveying and Cadastre.

For the purposes of geomechanical modelling, partial polygons of the model were created from the
intersection of excavation polygons and the JTSK coordinate grid of the specified area with a step of 100 *100
m using the Microstation software application program (see Fig. N°2). The program then created intersections
and centroids of the model areas (approximately 1500 polygons).

By projecting the centroids into thickness networks, a thickness value was assigned to the model polygon,
and in the same way, by projecting into the relevant networks, the base value of the seam and the surface
elevation were also assigned. The values were written by the application program as texts into separate layers.
The thickness values were then used to create a thickness map of the model polygons (see Fig. N°2).
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The application program then assigned the year of extraction from the extraction map to each polygon of
the model. Due to the large time variability, several time data appeared in the area for a number of polygons.
The year of extraction in the largest sub-area was again entered as text in a separate layer of the DGN file. The
polygons of the model were shifted according to depth using the program, and another program was used to
create spatial cuboids with the thickness of the coal seam in a separate layer of the model. The application
program then exports polygon data from the DGN file for import into the Slope Calculation Program or the
3D Geomechanical Model in the form of text files.

To prepare the 3D geometry in Rhinoceros for future numerical simulation in Flac3D involved the strategic
simplification of both the mining perimeters and the tectonic framework. The raw digitized data of the coal
panels originally exhibited highly irregular boundaries with complex protrusions that would inevitably trigger
meshing errors and numerical instability. To mitigate this, we smoothed these outer edges, replacing jagged
perimeters with streamlined, continuous boundaries while preserving the total mined volume. Similarly, the
tectonic architecture was optimized by prioritizing the main fault planes and consolidating secondary splays
that offered little geomechanical significance. We specifically refined the contact zones where faults intersect
the coal seams, removing minute geometric singularities and sharp angles that often cause 'pinch-out' issues
during volumetric meshing.

Figure 2: Pilot area (Mesh of the seam bottom with polygons of the model from the 100 * 100 m in mesh —
on the left; thematic display of sub-blocks of the main Kladno seam according to absolute depth — on the
right).
3. Results and Discussion

What we have achieved here is the first high-fidelity 3D geomechanical model of the Tuchlovice mine. By
pulling together topographical, geological, and historical mining records, we managed to create a single,
unified spatial environment where all these disparate datasets finally work in sync.

3.1 NURBS Reconstruction of the Main Coal Seams

The first real breakthrough in our modeling process was the spatial interpolation of the Main Kladno coal
seam. By running our point cloud data through a custom-built Python script, we were able to generate a high-
fidelity NURBS surface. As we can see in Figure N°3, the model reveals that the coal seam is far from being a
uniform plane; instead, it is riddled with significant morphological irregularities. This 3D approach is vital
because it captures the natural undulations and shifting elevations that are almost always lost in traditional 2D
sections. By reconstructing the seam without forcing external assumptions, we could finally calculate the
original geometry of the deposit with true precision.
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Figrue 3: Wireframe mesh analysis: High-resolution NURBS reconstruction of the Main Kladno coal seam
morphology.

3.2 Integration of main tunnels and shafts

To elevate the model from a purely geological representation to a high-fidelity Digital Twin, it was essential
to incorporate the human-made infrastructure that defines the mine’s internal connectivity. Using the same
"data rescue" approach, we digitized the network of main transport tunnels and vertical shafts, including the
Jaroslav, Pustinka and a double shaft V1 and V2, from historical floor plans.
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Figure 4: Structural Digital Twin showing the high-resolution NURBS reconstruction of the coal seams
integrated with the digitized network of main transport tunnels and vertical shafts (blue lines).
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As illustrated in the updated wireframe analysis (Fig. N°4), these elements were georeferenced and
integrated directly into the 3D environment, connecting the different levels of the Main Kladno seam. This
structural "skeleton" is a critical addition; in an abandoned mine, these voids act as the primary conduits for
rising mine water. By including them, the model no longer just represents the ore body, but the actual hydraulic
architecture of the site. This level of detail is fundamental for the upcoming Flac3D simulations, as it allows
us to accurately track how the flooding front will progress through the galleries before eventually pressurizing
the surrounding rock mass.

3.3 Integration of the Tectonic Framework

With the seam geometry locked in, we moved on to layering inthe tectonic fault system, relying
on historical planimetry and documented dip angles (Fig. N°5). The resulting 3D visualization is a game-
changer because it shows exactly how these fault planes slice through and segment the coal layers. This part
of the analysis is crucial—it maps out the vertical displacements that define the Kladno basin in a way that 2D
maps never could. Seeing the coal seams alongside their respective faults allows us to pinpoint how the mine
is compartmentalized. This is the key factor that will ultimately dictate how water pressure distributes
itself within the different blocks as the flooding progresses.

Figue 5: Detail of the tectonic framework: 3D representation of fault planes intercepting the coal seam with
documented dip angles.

3.4 High-Resolution Surface Mesh

To establish the upper boundary of our model, we opted for the official DMT 5G digital relief data. This
gave us a highly precise topographical baseline derived from airborne LiDAR technology. The advantage here
is clear: unlike oversimplified terrain models that smooth out the landscape, this high-resolution mesh
preserves the subtle, localized elevation changes across the Tuchlovice area (Fig. N°6). Having such a reliable
surface model is vital for the next stages of our work, as it will serve as the primary reference point when we
begin comparing our simulated uplift values against the real-world measurements coming in from GNSS and
InSAR.
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Figure 6. Digital Terrain Model of the Tuchlovice pilot area.
3.5 Integrated Digital Twin

The final stage of the results is the full integration of the surface, faults, tunnels, shaft and coal seams into
a single georeferenced environment. As shown in the Fig. N°7, the side-view perspective provides a
comprehensive understanding of the spatial relationship between the deep mining voids and the surface
topography. This integrated model functions as a "Digital Twin" of the pilot locality, showing exactly how the
tectonic discontinuities bridge the gap between the flooded panels and the ground surface. This consolidated
geometry represents a ready-to-use foundation for the upcoming numerical simulations, where geomechanical
loads and hydraulic pressures will be applied to predict surface deformations.

The final result of this process is a fully integrated, georeferenced environment that brings together the
surface, the faults, tunnels, shaft and the coal seams. By looking at the model from a side-view perspective,
we can finally get a clear picture of the spatial relationship between the deep mining voids and the surface
topography. This 'Digital Twin' does more than just store data; it visually demonstrates how tectonic
discontinuities bridge the gap between the flooded mine panels and the ground above. This consolidated
geometry is essentially the foundation for our upcoming numerical simulations, where we will apply
geomechanical loads and hydraulic pressures to forecast future deformations in Flac3D.

Figure 7: Side view showing the vertical relationship between the DMT 5G surface, the segmented coal
seams (in black), tunnels and shaft (in blue) and tectonic faults (in orange).

3.6 Modeling Challenges and Tectonic-Hydraulic Implications
Constructing a digital twin for an abandoned site like Tuchlovice is effectively a forensic exercise. One of

the most significant challenges was the reconciliation of legacy data. Working with maps from 2002 and earlier
meant dealing with survey techniques that, while accurate for their time, often lack the spatial continuity
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required for a 3D NURBS environment. The Python-driven automation was not just a convenience; it was a
necessity to filter out inconsistencies where historical elevations of the coal seams conflicted with modern
LiDAR-derived surface data.

Beyond the data rescue, the structural interaction between the faults, tunnels, shaft and surface,
water introduces a critical variable. During the modeling process, we observed that several major fault planes
coincide spatially with surface water body (Lodénice lake) in the pilot Tuchlovice area. From a geomechanical
standpoint, this is a major concern. Tectonic faults often act as "highways" for fluid migration. In a flooding
scenario, these planes can facilitate the connection between surface water and the underground mine workings,
accelerating the increase in pore pressure. This hydraulic connectivity, clearly visible in our 3D side-views,
suggests that surface uplift will likely be non-uniform and heavily influenced by the localized "softening" of
the rock mass near these fault-lake intersections.

Finally, we must address the temporal challenge of modeling an active process. Unlike a "greenfield"
project, Tuchlovice is a dynamic environment where uplift is likely already initiated as the mine water rises.
Modeling a site that is already in motion means our geometric basement is not just a static record, but a
snapshot of a changing system. The complexity of modeling the "Main Kladno" seam under these conditions—
where the mine is already closed and inaccessible—underscores the importance of our 3D approach. By
accurately mapping the fault offsets now, we are creating the only tool capable of explaining why certain areas
of the Kladno Basin are lifting faster than others, moving beyond simple 2D estimations toward a truly
predictive geomechanical model.

4. Conclusion

The reconstruction of the Tuchlovice geomechanical environment represents a critical milestone in moving
from static, analog records to a dynamic Digital Twin. By synthesizing disparate data sources—including
historical mine plans, the JTSK coordinate system, and airborne LiDAR (DTM 5G)—we have created a robust
geometric basement that honors the structural complexity of the Kladno Basin. The use of Rhino 8 and Python-
driven automation was not merely a matter of efficiency; it was the only way to ensure the spatial fidelity
required to model the non-linear interaction between tectonic faults, tunnels, shafts and mined-out voids.

The primary outcome of this modeling effort is the visual and spatial confirmation that surface uplift is not
a uniform phenomenon. Our results explicitly show how the tectonic architecture and fault offsets
compartmentalize the mine, creating localized zones of potential deformation. This is particularly relevant
where faults intersect surface water bodies, as these planes will likely act as the main drivers for hydraulic
pressure distribution during the flooding process. We have effectively replaced 2D assumptions with a precise
3D tool that explains the "why" behind the ground movements observed in the field.

Future Work

The roadmap for the Tuchlovice project is clear. The current geometric model will now be converted into a
volumetric mesh for advanced numerical analysis on Flac3D. This transition will allow us to simulate the
physical flooding process, applying real hydrostatic loads to the 3D structures we have built. A key component
will be modeling the longwall goaf response, specifically tracking the time-dependent mechanical hardening
and property degradation of the collapsed rock mass as it reaches saturation. Furthermore, this simulation will
be part of a continuous calibration loop, where the predicted uplift values will be compared against active
InSAR and GNSS monitoring data. This final step will transform our current model into a predictive instrument
for long-term geo-hazard management in the region.
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0zet

Madencilik faaliyetleri sonucunda olusan siilfiirlii atiklarin ¢evresel etkilerinin azaltilmasi, siirdiiriilebilir
atik yonetiminin temel unsurlarindan biridir. Artan atik hacimleri ve siilfiirlii minerallerin uzun donemli
oksidasyon riski, alternatif ve c¢evreci bertaraf yontemlerinin gelistirilmesini gerekli kilmaktadw. Bu
kapsamda, atiklarin yeraltinda degerlendirilmesi hem ¢evresel hem de isletme giivenligi agisindan 6nem
tasimaktadir. Bu calismada, yeralti tiretim yontemiyle isletilen bir metal madeninde cevher hazirlama tesisi
kaynakli atiklarin yeniden degerlendirilmesine yonelik bir yaklagim ele alinmistir. Flotasyon sonrast piritli
atitk (PRT) ile piritin uzaklastirilmasi sonucu elde edilen piritsiz atik (FLT) malzemeler karsilastirmalr olarak
incelenmistir. Atiklarin fiziksel, kimyasal ve mineralojik ozellikleri yogunluk, tane boyu dagilimi, XRF ve
XRD analizleri ile belirlenmistir. Flotasyon sonrasi FLT malzemede kiikiirt iceriginin ve ozellikle SOs
orammin belirgin sekilde azaldig1 tespit edilmistir. Bu durum, Asit Maden Drenaji (AMD) olusum
potansiyelinin diigiiriilmesi acisindan 6nemli bir ¢evresel avantaj saglamaktadir. Her iki atik tiirii gimentolu
macun dolgu (CMD) iiretiminde %35, %7,5 ve %10 baglayici oranlarinda degerlendirilmis ve 7 ile 28 giinliik
kiir stirelerinde tek eksenli basing dayanimi deneyleri yapilnustir. Sonuglar, FLT igceren karisimlarin daha
yiiksek dayamm degerleri verdigini ve %7,5-%10 ¢imento i¢eriginde 28 giinde 1 MPa in iizerinde dayanim
sagladigini gostermistir. Bulgular, piritin uzaklastirilmasimin hem cevresel riski azaltan hem de miihendislik
performansini iyilestiren siirdiiriilebilir bir yaklagim sundugunu ortaya koymaktadr.

Anahtar Kelimeler; Flotasyon atiklari, Macun dolgu, Pirit uzaklagtirma, Siirdiiriilebilir atik yonetimi,

A New Approach to Mine Tailing Management: Pyrite Removal and Paste Backfill
Application

Abstract

The mitigation of environmental impacts associated with sulfide-bearing mine tailing is a fundamental
component of sustainable mine tailing management. Increasing volumes of tailings and the long-term
oxidation risk of sulfide minerals necessitate the development of alternative and environmentally sound
disposal strategies. In this context, the utilization of mine tailing as underground backfill material is of
particular importance in terms of both environmental protection and operational safety. In this study, a re-
evaluation approach was proposed for tailings generated from the mineral processing plant of an
underground metal mine. Flotation tailings containing pyrite (PRT) and de-pyritized tailings (FLT),
obtained after the removal of pyrite through an additional flotation stage, were comparatively investigated.
The physical, chemical, and mineralogical properties of the tailings were characterized by density
measurements, particle size distribution analysis, X-ray fluorescence (XRF), and X-ray diffraction (XRD). A
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significant reduction in sulfur content, particularly in SOs concentration, was observed in the FLT material
following pyrite removal. This reduction represents a substantial environmental benefit in terms of
decreasing the Acid Mine Drainage (AMD) generation potential. Both tailing types were utilized in cemented
paste backfill (CPB) mixtures with binder contents of 5%, 7.5%, and 10% by weight. Uniaxial compressive
strength (UCS) tests were conducted after 7 and 28 days of curing. The results indicated that FLT-based
mixtures achieved higher strength values, exceeding 1 MPa at 28 days for 7.5-10% binder content. The
findings demonstrate that pyrite removal enhances both environmental performance and mechanical
stability, offering a sustainable and technically viable backfilling strategy.

Keywords: Flotation tailings, Cemented paste backfill, Pyrite removal, Sustainable tailing management,
1. Giris

Madencilik faaliyetleri, dogal kaynaklarin ekonomik degere doniistiiriilmesini saglarken 6nemli miktarda
atik olusumunu da beraberinde getirmektedir (Su vd.,2019; Jawadand & Randive, 2021). Ozellikle siilfiirlii
mineraller igeren cevherlerin isletilmesi sonucunda ortaya c¢ikan pasa ve zenginlestirme atiklari, ¢evresel
acidan en kritik atik gruplarindan birini olusturmaktadir (Wang vd., 2022). Bu tiir atiklar, uygun sekilde
yonetilmedikleri takdirde oksidasyon siirecleriyle asidik maden drenaji (AMD) olusumuna neden olmakta,
agir metal mobilizasyonu, yiizey ve yeralti su kaynaklarinin kirlenmesi, toprak kalitesinin bozulmasi ve
ekosistem fonksiyonlarinin zarar gérmesi gibi uzun vadeli ¢evresel sorunlara yol agabilmektedir (Akcil &
Koldas, 2006). Siilfiirli atiklarin olusturdugu bu risk, yalnizca igletme siiresince degil, maden kapanisi
sonrasinda da devam eden ve “cevresel miras” niteligi tastyan bir problem olarak degerlendirilmektedir.
Gilinlimiizde diisiik tendrlii cevherlerin isletilmesine bagli olarak birim metal basina iiretilen atik miktarinin
artmasi, s0z konusu ¢evresel baskinin daha da biiytimesine neden olmaktadir (Yilmaz & Yilmaz, 2018).

Madencilik sonrasi faaliyetlerde temel hedeflerden biri, ortaya c¢ikan atiklarin cevresel etkilerinin
azaltilmas1 ve uzun donemli risklerin kontrol altina alinmasidir (Aznar-Sanchez vd., 2018). Bu kapsamda,
atiklarin ylizey depolama alanlarinda tutulmasi yerine yeraltt bosluklarinda degerlendirilmesini esas alan
¢imentolu macun dolgu (CMD) uygulamalari, son yillarda siirdiiriilebilir atik yonetimi agisindan 6énemli bir
alternatif olarak one ¢ikmaktadir (Franks vd., 2011; Dang vd., 2025; Sivakugan vd., 2025). CMD yontemi,
zenginlestirme atiklarinin  belirli oranlarda baglayict ile karistirilarak yeralti {iretim bosluklarina
pompalanmasi esasina dayanmakta, boylece hem yeriistii depolama alanmi ihtiyacini azaltmakta hem de
atiklarin fiziksel olarak stabilize edilmesini saglamaktadir. Bununla birlikte, siilfiir icerigi yiiksek atiklarin
dogrudan macun dolgu karisimlarinda kullanilmasi, uzun vadede kimyasal stabilite ve dayaniklilik agisindan
bazi riskler barindirabilmektedir (Cinku & Akkaya, 2024). Siilfiirli minerallerin oksidasyonu sonucu
olusabilecek asidik ortam, dolgu malzemesinin dayanimini olumsuz etkileyebilecegi gibi ¢evresel riskleri de
artirabilmektedir (Benzaazoua vd., 1999; Benzaazoua vd., 2004).

Yukarida belirtilen degerlendirmeler ¢ergevesinde, siilfiir igeriginin disiirilmesine yonelik uygulanacak
On zenginlestirme veya ayirma islemleri (Ceylan vd., 2014), macun dolgu sistemlerinin uzun dénemli
kimyasal stabilitesini artirma ve g¢evresel risklerini azaltma acisindan 6nemli bir iyilestirme potansiyeli
sunmaktadir (Ghirian & Fall, 2017). Flotasyon yontemiyle pirit gibi siilfiirfli minerallerin atiklardan
uzaklagtirilmast hem asit iiretim potansiyelinin diisiiriilmesi hem de daha stabil bir dolgu malzemesi elde
edilmesi agisindan yenilik¢i ve c¢evreci bir yaklagim sunmaktadir. Siilfiir oraninin azaltilmasiyla birlikte
AMD olusum riskinin minimize edilmesi, macun dolgunun uzun vadeli kimyasal ve mekanik performansini
olumlu yonde etkileyebilecek 6nemli bir parametre olarak degerlendirilmektedir (Liu vd., 2021).

Bu ¢alisma kapsaminda, yeralt1 {iretim yontemiyle isletilen bir metal madeninde cevher hazirlama tesisi
siiregleri sonucunda ortaya ¢ikan piritli atik (PRT) ile flotasyon yoluyla piritin uzaklastirilmas: sonrasi elde
edilen piritsiz atik (FLT) malzemeler incelenmistir. Atiklarin fiziksel, kimyasal ve mineralojik 6zellikleri
belirlenmis ve siilfiir icerigindeki degisim ortaya konmustur. Elde edilen malzemeler farkli baglayici
oranlarinda ¢imentolu macun dolgu karigimlarinda kullanilarak tek eksenli basing dayanimi deneyleri
gerceklestirilmistir. Boylece, siilfiir igerigi azaltilmis atiklarin yeraltt macun dolgu uygulamalarinda teknik
ve ¢evresel agidan kullanilabilirliginin deneysel olarak degerlendirilmesi amaglanmistir. Bu yoniiyle ¢aligma,
madencilik sirasinda ve sonrasinda siilfiirlii maden atiklarinin yalmzca bertaraf edilmesini degil, ¢evresel
riskleri azaltilarak yeniden degerlendirilmesini esas alan biitiinciil bir atik yoOnetimi yaklagimi ortaya
koymaktadir.
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2. Materyal ve Metot
2.1. Materyal

Bu caligmada, yeralt1 iiretim yontemiyle isletilen bir metal madenine ait cevher hazirlama tesisi atiklari
kullanilmistir. Calismada Flotasyon sonrast siilfiir icerigi yiiksek olan ve dogrudan proses ¢ikisi niteligindeki
attk malzeme (PRT) ile bu malzemenin yeniden flotasyon islemine tabi tutulmasiyla pirit fazinin
uzaklastirilmasi sonucunda elde edilen, siilfiir igerigi azaltilmis atik malzeme (FLT) kullanilmastir.

Atik malzemelerin fiziksel 6zellikleri kapsaminda yogunluk, yiizey alam (blaine) ve tane boyu dagilimi
analizleri gerceklestirilmistir. Atik malzemelerin yogunlugu Helyum Piknometre cihazi ile ylizey alani ise
Quantachrome/NOVA Touch LX4 cihazi kullanilarak gerceklestirilmistir. Tane boyu dagilimi, lazer
difraksiyon yontemi ile belirlenerek malzemelerin macun dolgu uygulamalart i¢in uygun ince dane
dagilimina sahip olup olmadig1 degerlendirilmistir.

Kimyasal bilesim analizleri X-Isin1 Floresans (XRF) yontemi ile gerceklestirilmis olup basta SiO2, Al.Os,
Fe20s, CaO ve SOs olmak iizere temel oksit igerikleri belirlenmistir. Stlfir igerigindeki degisim o6zellikle
SOs orani {izerinden degerlendirilmistir. Mineralojik faz analizleri ise X-Isin1 Kirinimi (XRD) ydntemi ile
yapilmis ve pirit basta olmak {izere siilfiirlii minerallerin varlig1 karsilastirmali olarak incelenmistir.

Baglayici olarak portland ¢imentosu kullanilmis olup, farkli baglayici oranlarinin dayanmim {izerindeki
etkisini belirlemek amaciyla %5, %7,5 ve %10 (agirlikga, kuru atiga gore) ¢imento igerikli karisimlar
hazirlanmistir. Karisim suyu olarak sebeke suyu kullanilmastir.

2.2. Macun Dolgu Karisimlarinin Hazirlanmasi

Macun dolgu karisimlari, belirlenen baglayict oranlarinda atik, ¢imento ve suyun homojen bigimde
karigtirllmasiyla hazirlanmistir. Araziden elde edilen atik malzemeler ilk olarak homojenlestirme islemine
tabi tutulmustur (Sekil 1). Homojenlestirme isleminde ayr1 ayri kaplarda bulunan atik malzemeler 100 litrelik
beton pan mikserinde karistirilmistir. Boylelikle sahadan varillerle gelen malzemeler ile olusturulacak
numunelerde malzeme kaynakli (tane boyu, kimyasal yapi vb.) olumsuzluklar en aza indirgenmeye
caligilmistir.

Sekil 1: Atik malzemelerin homojenlestirme iglemi

Karigimlar hazirlanirken hedeflenen kivam, yeraltina pompalanabilirlik ve segregasyon olusturmayan,
yliksek kati igerikli bir macun yapisi olacak sekilde ayarlanmistir. Kati oran1 ve su/baglayici parametreleri
saha uygulamalarina uygun olacak sekilde belirlenmistir. Hazirlanan karisimlarim miktarlar1 Tablo 1’de
verilmistir.
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Tablo 1: Macun dolgu icin tasarlanan deneysel ¢calisma regetesi

Karisim Baglayici oramm  Kati Oram  Su Miktar1  Kiir Siiresi Cokme De@eri Numune

Adi (%) (%) (%) (giin) (cm) sayisl
PRT@5 5 6
PRT@7.5 7.5 6
PRT@10 10 6
@ 72 28 7,28 19-20
FLT@5 5 6
FLT@7.5 7.5 6
FLT@10 10 6

Macun dolgu numuneleri ¢imento, atik malzeme ve su karisgimindan olusmaktadir. Karisimin (atik
malzeme, baglayici ve su) homojen bir sekilde hazirlanmasi i¢in 10 litre kapasiteli UTEST model mikser
kullanilmistir (Sekil 2a). Bu numunelerden kat1 malzemeler (atik + ¢imento) ilk 6nce mikser igerisinde kuru
bir sekilde homojenligi saglamak i¢in 6n karigima tabi tutulmustur. Dolgu numuneleri i¢in 5x10 cm
boyutunda ve alt kisminda 8 adet 1 mm ¢apinda delik bulunan silindirik kaliplar kullanilmistir (Sekil 2b).
Tiim malzemeler mikser icerisinde homojenite saglanana kadar (10 dk) karistirildiktan sonra slump deneyine
tabi tutulmustur (Sekil 2¢). Slump deneyi sonrasi istenen kivam (19-20 c¢cm) saglandiktan sonra karigim
malzemesi dolgu kaliplarina sisleme ¢ubugu ile her bir katmanda 25 kez olmak kaydiyla 3 ayr1 seviyede
sisleme islemi gerceklestirilerek doldurulmustur (Sekil 2d). Her bir kiir siiresi i¢in 3 adet numune
hazirlanmistir.

Hazirlanan karigimlar standart silindirik kaliplara dokiilmiis ve laboratuvar ortaminda kiir kosullarina
birakilmistir. Numuneler 7 ve 28 giinliik kiir siireleri sonunda mekanik deneylere tabi tutulmustur. Kiir
islemi, numunelerin nem kaybimmi Onleyecek sekilde kontrollii sicaklik ve nem kosullarinda
gergeklestirilmigtir.

Sekil 2: Macun dolgu karigiminda kullanilan mikser (a), dolgu kaliplar: ve drenaji (b), slump (¢okme) deneyi
(c) ve numunelerin kaliba doldurulmasi (d)
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2.3. Mekanik Deneyler

Macun dolgu numunelerinin mekanik performansini belirlemek amaciyla tek eksenli basing dayanimi (UCS)
deneyleri ASTM C 39 (2005) standardinda belirtilen yontemlere gore gergeklestirilmistir. Deneyler, ilgili
standartlara uygun olarak 50 kN yiik kontrollii pres cihazi kullanilarak yapilmistir. Yiikleme hizi sabit
tutulmus (1 mm/dk) ve numunelerin maksimum basing dayanimi degerleri kaydedilmistir. Silindirik
numunelerin boy/cap orani 2 olarak belirlenmis ve test dncesinde numunelerin alt ve {ist yiizeyleri dikkatlice
diizeltilmistir. Her bir kiir siiresi i¢in {i¢ adet numune teste tabi tutulmus ve sonuclar bu {i¢ numuneden elde
edilen degerlerin ortalamasi olarak hesaplanmaistir.

2.4. Deneysel Tasarimin Amaci

Deneysel program, piritin flotasyon yoluyla uzaklastirilmasiin hem kimyasal stabilite (siilfiir iceriginin
azaltilmas1 ve AMD potansiyelinin diisiiriilmesi) hem de mekanik performans (basing dayanimi gelisimi)
iizerindeki etkisini ortaya koymak amaciyla kurgulanmistir. Bu kapsamda, siilfiir igerigi azaltilmig atiklarin
yeralti macun dolgu uygulamalarinda teknik olarak kullanilabilirligi deneysel verilerle degerlendirilmistir.

Bu yontemsel yaklagim, siilfiirliit maden atiklarinin yalnizca depolanmasi yerine 6n islemden gegirilerek daha
giivenli ve siirdiirtilebilir bigcimde yeraltinda degerlendirilmesine yonelik biitlinciil bir atik yonetim modeli
sunmaktadir.

3. Bulgular ve Tartisma

3.1. Atik Malzemenin Fiziksel Ozellikleri

Bu kisimda atik malzemeler {izerinde yapilan yogunluk, ylizey alani ve tane boyu dagilimi deneysel
caligmalarinin sonuglar verilecektir. Atiklar {izerinde yogunluk deneyi 3 kez yapilmis ve ortalama degerleri
almmistir. Yapilan deney sonrasinda atik malzemelerin yogunluklari Tablo 2’de verilmistir. Atik
malzemelerin yogunluklari birbirine yakin degerlerde ¢ikmistir. FLT atigin yogunlugu 2.99 iken PRT atigin
yogunlugu 2.93’tiir.

Tablo 2: Atik malzemelerin yogunluklar

Numune FLT Atik PRT Atik
1 2.9927 2.9349
2 2.9981 2.9392
3 3.0002 2.9405
Ort. 2.9970 2.9382

Atiklarin yilizey alani degerleri Tablo 3’te verilmistir. FLT atigin ylizey alan1 8.08486 m?/g iken PRT
atigin ylizey alan1 7.29339 m?*/g seklinde hesaplanmigtir. Tane boyu analizi sonuglar1 irdelendiginde daha
ince tanelere sahip FLT atigin ylizey alaninin daha yiiksek olmasi beklenen bir durumdur. Malzemelerin
incelik orani arttik¢a yiizey alaninda da artis meydana gelmektedir.

Tablo 3: Atik malzemelerin yiizey alanlart

FLT Atk  PRT Atik
Birim (m%g)  8.08486 7.29339

Malvern Mastersizer ile atiklar iizerinde (FLT-PRT) gerceklestirilen tane boyut dagilimi analizi
sonuglarindan elde edilen grafik Sekil 3°te verilmistir. Grafik incelendiginde 20 um alti malzeme miktarinin
PRT ve FLT atik igin sirasiyla agirlikca %83.46 ve %61.09 oldugu goriilmektedir. Literatiirde (Fall vd.,
2005) yer alan bilgilere gore agirlikga %60'tan fazla <20 pm partikiile sahip atik malzemeye ince, %35-60
aras1 <20 um partikiile sahip atik malzemeye orta, %15-35 aras1 <20 um partikiile sahip atik malzemeye ise

116



Maden Atik Yénetiminde Yeni Yaklagsim: Piritin Uzaklastiriimasi ve Macun Dolgu Uygulamasi Ibrahim Cavusoglu vd.,

kaba atiklar denmektedir. Buradan yola ¢ikarak projede kullanilan FLT ve PRT atik malzemeleri ince atik
sinifina girmektedir. Ince boyutlu malzeme smifina giren atiklarla olusturulan macun dolgu malzemesiyle
(%60-90’1 <20 pm) hazirlanan macun dolgu 6rneklerinin orta boyutlu (%35-60’1 <20um) ile hazirlananlara
gore nispeten daha diisiik dayanim verdigi bilinmektedir (Landriault, 1995; Fall vd., 2005).

Malzemelerin ideal tane boyut dagilimina sahip olmasi icin her boyuttan yeterli miktarda tane igermesi
onemlidir. Bu durum, uniformluk katsayisinin (Cu) 4-6, egrilik katsayisinin (Cc) ise 1-3 arasinda olmasiyla
saglanir. Uniformluk katsayisi (Cu) tane boyut dagiliminin ne kadar homojen oldugunu gosteren bir
parametredir. Cu degeri 4-6 arasinda ise tane boyut dagilimi daha homojen hale gelir. Egrilik katsayis1 (Cc)
ise tane boyut dagilimimin egriligini gosteren bir parametredir. Cc degeri 1'e esit oldugunda tane boyut
dagilimi1 normal dagilima uymaktadir. Cc degerinin 1'den kiiciik olmasi, tane boyut dagiliminin ince taneli,
1'den biiyiik olmasi ise kaba taneli oldugunu gosterir.

100 -
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PRT Atik /
80 /
£
5 60 /
< /
© /
& FLT PRI /
= D, 181 205 Al
= 40 D, 416 548 £
E D, 7.86 1256 //
X D, 9.86 1870 7/
Dy, 2547 7684
20 Cu 544 012 7
Cc 098 078 /
0
0.01 0.1 1 10 100 1000

Elek boyutu, (ium)
Sekil 3: Atik malzemelerin tane boyu dagilim egrisi.

Calismamizda kullanilan atik malzemelerin tane boyut dagilimi grafigi incelendiginde, Cu degerinin FLT
atik i¢in 5,44, PRT atik i¢in 9,12 oldugu belirlenmis, Cc degerinin ise FLT atik igin 0,96, PRT atik i¢in 0,78
oldugu goriilmiistiir. Bu degerler, atik malzemelerde ince taneli malzemelerin daha fazla olduguna ve tam
olarak homojen bir tane boyut dagilimina sahip olmadigin1 gostermektedir.

3.2. Atik Malzemenin Kimyasal Ozellikleri

Atik malzemenin kimyasal bilesimini belirlemeye ydnelik XRF analizleri Nigde Universitesi Merkezi
Arastirma Laboratuvarinda gerceklestirilmis ve Tablo 4’te verilmistir. XRF analizleri her iki atik (PRT ve
FLT) malzemesine de gerceklestirilmistir. Atik malzemelerin kimyasal bilesimi incelendiginde her iki atigin
baskin olarak demir oksit (Fe,0Os3), silisyum dioksit (SiO»), aliiminyum oksit (Al,O3), kalsiyum oksit (CaO)
ve magnezyum oksit (MgO) igerdigi goriilmektedir.

Piritin flotasyonu sonrasi geriye kalan atik malzemesinde (FLT atik) gbze carpan bir deger ise kiikiirt
trioksit (SO3) degeridir. Bu deger PRT atikta %3.717 iken FLT atikta %1.23’e diismiistiir. FLT atikta SOs
oraninin belirgin sekilde azalmasi, piritin flotasyonla etkin bi¢cimde uzaklastirildigini ve kiikiirt degerinin
diistigiini gostermektedir. Bu durum, siilfiirlii minerallerin oksidasyonu sonucu olusabilecek Asit Maden
Drenaji (AMD) riskinin disiiriilmesi agisindan 6nemli bir avantajdir. Macun dolguda kimyasal stabilite ve
uzun vadeli dayaniklilik agisindan diisiik siilfiir icerigi tercih edilir. Bu nedenle FLT atigin, ¢evresel
performans bakimindan daha uygun gériindiigii séylenebilir.

Her iki atik da yiiksek silikat igerigine sahiptir. Bu durum, dogrudan baglayici olmasalar da ¢imento
hidratasyonu sonras1 olusan Ca(OH). ile smirli pozzolanik reaksiyon potansiyeli gosterebileceklerini
diistindiirmektedir. PRT’nin daha yiliksek SiO: igerigi teorik olarak daha fazla inert dolgu davranmisi
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saglayabilir, fakat kimyasal stabilite acisindan siilflir igerigi daha belirleyicidir. SiO. degeri PRT atikta
%43.72 iken FLT atikta %34.45°tir. Atiklardaki Al2Os degeri birbirine yakin goriinmektedir. PRT atikta
%9.39 iken FLT atikta %8.71°dir. MgO degeri ise her iki atikta birbirine olduk¢a yakindir ve %7
mertebelerindedir.

Tablo 4: Atiklarin kimyasal bilesenleri

PRT Atik FLT Atik

Bilesen %) %)
Fex0s3 14.199 15.528
SiO» 43.718 34.45
AlLO3 9.392 8.714
CaO 10.376 7.631
MgO 7.972 7.424
Mn;04 1.146 0.966
SO3 3.717 1.23
Na,O 1.003 0.843
K>,O 0.603 0.508
L.O.L 7.177 22.14

3.3. Atik Malzemenin Mineralojik Ozellikleri

Atik malzemelerin mineralojik bilesimini belirlemeye yonelik XRD analizleri Nigde Universitesi Merkezi
Aragtirma Laboratuvarinda gergeklestirilmis ve her iki atigin da icerdigi mineraller belirlenerek Sekil 4’te
verilmistir. Sekil incelendiginde her iki atikta da kuvars, pirit ve albit ortak olarak bulunmaktadir. FLT atikta
piritin daha az miktarda yer aldig1 ve kalsit miktarin1 daha fazla oldugu goériilmektedir.

\
Pil.'\'\»‘\ e s AN o S L)

&
Postion ['28] (Copper (Cul)

Sekil 4: Atk malzemelerin XRD paternleri a) FLT, b) PRT
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XRD analizleri, her iki atigin baskin olarak kuvars ve feldspat grubu silikat minerallerinden olustugunu
gostermistir. PRT atiginda pirit piklerinin belirgin olmasi, siilfiirli fazlarin varligin1 dogrularken, flotasyon
sonrast elde edilen FLT atiginda bu piklerin 6nemli 6lciide azaldig1 gézlenmistir. Ayrica PRT numunesinde
siilfat fazlarina ait piklerin varlig1 dikkat ¢ekmektedir. Bu bulgular, flotasyon isleminin siilfiirlii minerallerin
uzaklagtirilmasinda etkin oldugunu ve FLT atiklarin kimyasal olarak daha stabil bir yap1 sergiledigini ortaya
koymaktadir. Mineralojik karakterizasyon sonuglari, kimyasal analiz ve mekanik dayanim verileri ile uyumlu
olup, siilflir igerigi azaltilmis atiklarin macun dolgu uygulamalarinda daha uygun bir malzeme oldugunu
desteklemektedir.

3.4. Karisimlarin Dayamim Ozellikleri

Toplam 36 adet silindirikk CMD numunesi iizerinde gerceklestirilen UCS deneylerinden elde edilen
sonuclarin grafiksel gosterimi Sekil 5’te verilmistir. Grafikler incelendiginde, her iki atik tiirii icin de kiir
siiresinin artmasina bagli olarak dayanim degerlerinde belirgin bir artig oldugu goriilmektedir. 7 ve 28 giinliik
sonuglar karsilastirildiginda, tiim karisim gruplarinda hidratasyon siirecine bagh olarak anlamli bir dayanim
gelisimi meydana geldigi anlasilmaktadir. Ornegin, %35 baglayici iceren PRT@35 numunesinin dayanimi 7.
giinde 342.80 kPa iken, 28. giinde 550.17 kPa’ya yiikselmistir. Benzer sekilde, FLT@5 numunesinde 7
giinliik dayanim 413.70 kPa olarak 6lgiilmiis, 28 giinliik kiir sonunda ise 671.17 kPa degerine ulagmistir. Bu
artis, ¢cimento hidratasyon iiriinlerinin zamanla geliserek dolgu matrisi igerisinde daha biitiinciil ve dayanikl
bir yap1 olusturdugunu gostermektedir.

Ayrica, FLT atiklarmin kullanildigi karigimlarin hem 7 hem de 28 giinliik kiir siirelerinde PRT atikli
karisimlara kiyasla daha yiiksek UCS degerleri verdigi belirlenmistir. Ornegin, %10 baglayici iceren
karisimlarda PRT@ 10 numunesi 28. giinde 1268.00 kPa dayanim saglarken, FLT@ 10 numunesi ayni siirede
1497.12 kPa degerine ulagsmistir. Bu sonuglar, pirit uzaklastirma isleminin dolgu matrisinin mekanik
performansini olumlu yonde etkiledigini ve siilfiir igerigi azaltilmig atiklarin daha yiiksek dayanim gelisimi
potansiyeline sahip oldugunu ortaya koymaktadir.
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Sekil 4: Macun dolgu numunelerinin dayanim degerlerinin grafiksel gosterimi

Her iki atik tiiriinde de baglayici oraninin artmasiyla birlikte tek eksenli basing dayaniminda belirgin bir
artis gozlenmistir. %5, %7,5 ve %10 ¢imento igeren karisimlar karsilastirildiginda, daha yiiksek ¢imento
iceriginin dolgu matrisinde daha fazla hidratasyon iirlinii olusumunu saglayarak mekanik performansi
iyilestirdigi goriilmektedir. Bu durum literatiirle desteklenmektedir. Fall ve Benzaazoua (2005), ¢imento
dozajindaki artisin macun dolgu sistemlerinde hem mekanik dayanim gelisimini hem de kimyasal
dayaniklilig1 iyilestirdigini belirtmistir. Artan baglayict igerigi, hidratasyon reaksiyonlari sonucunda daha
yiiksek miktarda kalsiyum-silikat-hidrat (C—S—H) jel fazinin olusmasina yol agmakta; bu durum dolgu
matriksinin daha yogun ve biitiinciil bir mikro yap1 kazanmasini saglamaktadir. Gelisen C—S—H agi, kapiler
bosluk oranmmi ve baglantili poroziteyi azaltarak gecirgenligi diisiirmekte, boylece asidik ve siilfath
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ortamlarda iyon tasimimini sinirlandirmaktadir. Bu mikro yapisal iyilesme, ozellikle siilfiirlii atik iceren
macun dolgularinda pirit oksidasyon hizinin ve buna bagli asit iiretim potansiyelinin azaltilmasina katki
saglamaktadir.

Baglayici oranimin artirilmasi her ne kadar dayanim ve dayaniklilik performansini artirsa da ¢imentonun
macun dolgu maliyetindeki yiiksek pay1 nedeniyle ekonomik acgidan dikkatle optimize edilmesi gereken bir
parametredir. Klein ve Simon (2006) ile Ergikdi (2009), teknik gereksinimleri karsilayan minimum baglayici
oraninin belirlenmesinin hem miihendislik performansi hem de maliyet etkinligi agisindan kritik oldugunu
vurgulamigtir. Bu nedenle baglayici dozaji, mekanik dayanim, kimyasal stabilite ve ekonomik
stirdiiriilebilirlik kriterleri birlikte degerlendirilerek tasarlanmalidir.

28 giinliik kiir stiresi sonunda, PRT@10 ile FLT@7,5 ve FLT@10 numuneleri 1.0 MPa’in {izerinde
dayanim degerlerine ulagsmistir. Buna karsilik, her iki atik tiirlinde de %5 c¢imento i¢eren karisimlarin 28
giinliik dayanimlar1 1.0 MPa’1n altinda kalmistir. Cimento oraninin %5’ten %7,5-10 araligina ytikseltilmesi,
ozellikle 28 giinlilk dayanim performansinda belirgin bir iyilesme saglamistir. Bu ¢aligmada 1.0 MPa esigi,
literatiirde serbest duran macun dolgu uygulamalar i¢in 28 giinliik kiir sonunda dnerilen ve iiretim alanina
bitisik stoplarin kendi kendini tagiyabilmesi agisindan yeterli kabul edilen dayanim kriterine dayandirilmistir.

PRT atiklar pirit iceriginden dolayr AMD riskini tasir (Alemdag vd., 2020a; Alemdag vd., 2020b), bu da
uzun vadede (360 giine kadar) dayanimda kayiplara yol agabilir (Erg¢ikdi vd., 2009). Bu durum, PRT
atiklarinin uzun vadede dayanim kayb1 yasama riskinin daha yiiksek oldugunu ve FLT atiklarinin ¢evresel ve
mekanik dayanim agisindan daha avantajli oldugunu gostermektedir. FLT atiklar ile %7.5 ve %10 ¢imento
oranlarinda olusturulan macun dolgu numunelerinin 28 giinliik kiir siireleri sonunda elde edilen dayanim
degerleri hedef dayanim olan 1 MPa’m lizerinde ger¢eklesmistir ve ilerleyen kiir siirelerinde bu dayanim
artisinin devam edecegi belirgindir.

Sonug olarak, FLT atiklarinin yeralti madenciliginde macun dolgu malzemesi olarak kullanimi, dayanim
performansi ve g¢evresel siirdiiriilebilirlik agisindan daha istiin bir tercih sunmaktadir. Bu c¢aligmada elde
edilen dayanim verileri, yeralti stabilite analizlerinde kritik bir rol oynayacak olup, bu verilerin dikkate
almmasi, giivenli ve siirdiiriilebilir madencilik uygulamalari i¢in gereklidir.

4. Sonuclar

Bu c¢aligmada, yeralt1 {iretim yontemiyle isletilen bir metal madeninde cevher hazirlama tesisi kaynakli piritli
atiklarin (PRT) flotasyonla piritinin uzaklastirilmasi sonrast elde edilen piritsiz atiklarin (FLT), ¢imentolu
macun dolgu (CMD) iiretiminde kullanim potansiyeli arastirtlmigtir. Elde edilen bulgular asagidaki sekilde
Ozetlenebilir:

e Kimyasal ve mineralojik agidan, flotasyon sonras1 FLT malzemede toplam kiikiirt ve 6zellikle SOs
iceriginde belirgin bir azalma tespit edilmistir. Bu durum, Asit Maden Drenaji (AMD) olusum
potansiyelinin distirilmesi agisindan 6nemli bir ¢evresel avantaj saglamaktadir. XRD analizleri de
pirit pik siddetlerinin FLT numunelerde azaldigin1 dogrulamistir.

e Mekanik performans agisindan, her iki atik tiiriinde de kiir siiresinin artmasiyla tek eksenli basing
dayaniminda artig gozlenmistir. Ancak FLT iceren karigimlar, hem 7 hem de 28 giinliik kiir siirelerinde
PRT igeren karigimlara kiyasla daha yiiksek dayanim degerleri gostermistir.

e Baglayici oraninin etkisi, dayanim gelisiminde belirleyici olmustur. %7,5 ve %10 ¢imento igeren FLT
karigimlar1 28 giinliik kiir sonunda 1 MPa’in iizerinde dayanim saglayarak yeralti kendini tasiyan
dolgu uygulamalar i¢in yeterli performans gdstermistir. %5 ¢imento igeren karigimlar ise her iki atik
tiiriinde de bu esik degerin altinda kalmugtir.

o Piritin flotasyonla uzaklastirilmasi, yalnizca ¢evresel riski azaltmakla kalmamis, ayni1 zamanda dolgu
sisteminin mekanik performansim da iyilestirmistir. Azalan siilfiir igerigi, potansiyel siilfat olusumu ve
uzun vadeli dayanim kaybi riskini sinirlayabilecek niteliktedir.

Sonug olarak, flotasyonla pirit uzaklastirma islemi sonrasinda elde edilen atiklarin yeraltt macun dolgu
uygulamalarinda degerlendirilmesi, atik depolama yiikiinii azaltan, AMD riskini diisiiren ve miihendislik
performansim artiran biitiinciil ve siirdiiriilebilir bir atik yonetimi yaklasimi sunmaktadir. Bu yaklagim,
madencilik sonrasi faaliyetler ve dongiisel ekonomi ilkeleri kapsaminda teknik olarak uygulanabilir ve
cevresel acidan avantajli bir alternatif olarak degerlendirilebilir.

Tesekkiir
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Kiire Bakir cevheri, Ceneviz ve Osmanli Imparatorlugu doéneminden beri iiretilmektedir. 1980'lerde
ETIBANK yeni bir konsantrator devreye aldi. Burada 2016 yilina kadar sadece bakir iiretimi yapilmis ve
pirit icerigi degerlendirilememigtir. Pirit i¢cinde bakirin yani sira kobalt, ¢inko ve altin gibi 6nemli metallerin
varligi bilinmesine ragmen, ekonomik bir ¢oziim bulunamamistir. Mazidagi'nda kurulan entegre bir tesisle
Eti Bakir AS, bu pirit konsantresini ve igindeki énemli metalleri ekonomiye kazandirmakla kalmamis, aym
zamanda Mazidagi'ndaki fosfat yataklarindan giibre iiretimi icin gerekli siilfiirik asit ihtiyacini da
karsilamistir. Bu tesiste, giibre iiretimi igin gerekli olan siilfiirik asit elde etmek amaciyla pirit akiskan
yatakta kavrulmakta, kavrulma isleminden elde edilen kalsin ise basing altinda li¢ ve solvent ekstraksiyonu
uygulanarak elde edilmektedir. Sonug olarak, 6nemli metal icerigine sahip Kiire Pirit, Mazidagi entegrasyon
tesisinde degerlendirilmektedir. Bu baglamda, bakir katot bakir olarak kobalt ve ¢inko karbonat formunda
tiretilmektedir. Altin ise CIP yontemiyle ham altin olarak elde edilmektedir. CIP sonrasi satin alinan kiispe,
demir ve ¢elik endiistrisi icin uygun saflik ve kalitede olup, halen yurt disina satilmaktadir. Tesiste iglenen
piritten hi¢bir atik olusmamaktadwr. Bu, bir¢ok hammadde i¢in drnek teskil eden sifir atik bir tesistir. Bu
sunumda, pirit degerlendirmesi kapsamindaki siirecler ve bu siireclerin uygulama sonuglart hakkinda genel
bilgiler verilmektedir.

Anahtar Kelimeler: Pirit, Sifir atik, Kobalt, Bakir, Cinko ve altin geri kazanimi

Production of Co, Cu, Zn , Au and Fe from pyrites concentrate of Kiire Concentrator in
Mazidag Fertilizer & Metal Recovery Plant: Zero tailing application

Abstract

Kiire Copper ore has been produced in the globe since the Genoese and Ottoman Empire period. In the
1980s, ETIBANK commissioned a new concentrator. Here, only copper was produced until 2016, and pyrite
contents could not be evaluated. Although the existence of important metals such as cobalt, zinc and gold
other than copper in pyrite is known, no economic solution has In an integrated facility established in
Mazidagi, Eti Bakir AS not only brought this pyrite concentrate and the important metals in it to the
economy, at the same time, it met the need for sulfuric acid for the production of fertilizer from phosphate
deposits in Mazidag. In this plant, pyrite was roasted in a fluidized bed to produce sulfuric acid, which is
necessary for fertilizer production, while calcine, which was obtained from roasting, was obtained by
leaching under pressure and applying solvent extraction. As a result, Kiire Pyrite, which has important metal
contents, is evaluated in the Mazidag integration facility. In this context, copper is produced as cathode
copper, in the form of cobalt and zinc carbonate. Gold, on the other hand, is earned as raw gold with CIP.
The cake purchased after CIP is of suitable purity and grade for the iron and steel industry and is still sold
abroad. The cake purchased after CIP is of suitable purity and grade for the iron and steel industry and is
still sold abroad. There is no waste from the pyrite processed in the facility. This is an exemplary zero waste
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facility for many raw materials. In this presentation, general information about the processes within the
scope of pyrite evaluation and the application results of the processes are given.

Keywords: Pyrite, Zero waste, Cobalt, Copper, Zinc and gold recovery

1. Giris

Bu tesis, ana iriinii giibre olan ve ETI Bakir Kiire Tesisi'nin kavrulmus pirit konsantresinden bakir katot,
kobalt ve ¢inko karbonat {ireten gok {iriinlii bir tesistir. Pirit cevheri, siilfiirik asit tiretimi i¢in gerekli olan
SO, iceren gazi liretmek lizere bir kavurma firmina beslenir. Siilfiirik asit daha sonra giibre iiretiminde
kullanilir ve az miktarda asit hidrometalurjik li¢ islemine gider. ETI Bakir Mazidag1 Fosfat Tesisi'ndeki ana
proses genel akim semasit Sekil 1'de gosterilmistir (Canbazoglu vd..2019).

FOSFAT CEVHERI FOSFAT AMONYAK
»| ZENGINLESTIRME TESISI
. - H3PO4 - .
KURE ASIT URETIM GUBRE GUBRELER
, TESIS! |—| Tesisi TESISI
PIRIT KONSANTRESI

KAVURUCU

LIC TESISI Katot Cu; Co Ve Zn Karbonat
l (POX+SX+EW) R

Sekil 1: Mazidag Giibre ve Metal Geri Kazanm Entegre Tesisi Genel Akim Semasi

Kavurma firin1 ve siilfiirik asit tesisinin miithendislik asamasindan sonra, kavrulmus kalsinede 6nemli
miktarda kobalt, bakir ve ¢inko tespit edildikten sonra hidrometalurjik li¢ prosesi kurulmustur. Bu degerli
metalleri geri kazanmak igin, kalsine li¢ prosesi ETI Bakir Arastirma Merkezi tarafindan kendi biinyesinde
incelenmis ve Outotec tarafindan Finlandiya'nin Pori kentindeki arastirma merkezinde gelistirilmistir
(Karonen vd., 2015). insaat 2016 yilmin baslarinda baslamis ve devreye alma 2018 yilinm ilk ceyreginde
baglamistir. Seyrankaya (2019), kalsine basingli li¢ kosullarini dogrulamis ve Karonen vd. (2015) ile ayni li¢
kosullarini ve metal geri kazanim sonuglarint bulmustur.

2. Kalsin Lic¢ Prosesi

ETI Bakir'n hidrometalurjik li¢ prosesi, 870 °C'de iiretilen kavrulmus kalsinin asidik ortamda bulamag
haline getirilmesiyle baslar; bu islemde kalsin yaklasik %50 kati madde igeren bir bulamag¢ haline
donistiiriiliir. Tablo 1, cevherden geri kazanilacak degerli metallerin elementel bilesimini 6zetlemektedir.
Saatte 50 ton tasarim kiitle akis kapasitesine sahip kalsin bulamaci daha sonra li¢ i¢in otoklav devresine
beslenir.

Basingli li¢ agsamasi, iki agamali On 1sitma, bir otoklav, iki asamali buharlagtirma/enerji geri kazanimi ve
bir havalandirma gaz1 yikama sisteminden olusmaktadir. Kalsin bulamag, otoklav licinden 6nce seri olarak
iki agsamal1 On 1sitmaya beslenir. Otoklav ise, VSD kontrollii karistiricilar ve ayr yiiksek basinghi buhar ve
oksijen hatlar1 ile donatilmis bes bolmeli bir kaptir. Siilfiirik asit, dnceden 1sitilmis bulamagla birlikte ilk
bolmeye enjekte edilir ve ayn1 anda yliksek basingli buhar ve oksijen eklenir. Otoklav tasarim kosullari, 220
°C ve 27 barda ve ¢ikista 50-60 g/L asit konsantrasyonunda olacak sekilde secilmistir. Ikinci asama
buharlasgtirma. On 1siticilarin ve otoklavin gaz ¢ikiglari, atmosfere salinmadan énce gaz aritma sisteminde
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iglenir. Basinghi li¢ akisindaki yapit malzemesinin yiiksek basinca, sicaklifa ve yiiksek asitli kosullara
dayanacak sekilde iiretilmesi saglanir (Haavanlammi vd., 2019).

Tablo 1: ETI Bakwr AS kalsin analizi

Element %
Fe 55-65
Co 0,7-1,3
Cu 0,5-09
7n 0,1 -0,5

Na2CO0s

Cokelmis Co

Sekil 2: Mazidagi Hidrometalurji Tesisi Genel Akim Semasi

Stizilmiis kalsin bulamaci, kekin ham sividan ayrilmasi i¢in filtrasyona tabi tutulacaktir. Filtrasyon
devresinden elde edilen siizlintli ve yikama siiziintiisii, ham kalsin i¢in hamurlastirma ¢ozeltisi olarak
kullanilacak ve doyunmus li¢ ¢ozeltisi (Pregnant leach solution, PLS) aritma tesisine besleme malzemesi
olarak hizmet edecektir.

PLS daha sonra kalsiyum hidroksit ile islenerek ham sivinin asit konsantrasyonu diisiiriiliir. Islenmis s1v1
daha sonra bir yogunlastiriciya gonderilir ve tasan ¢ozelti, bakir ¢oziicli ekstraksiyonu ve elektro
kazanimindan once bir parlatma filtresine beslenir. Bakir rafinati (CoZn agisindan zengin ¢ozelti), CoZn
¢oOziicli ekstraksiyonundan once devredeki toplam demiri uzaklastirmak icin demir giderme devresine
beslenir. Devrede demir, pH hedefi 4,2-4,5 olan kalsiyum hidroksit yardimiyla uzaklastirilir. Demir
icermeyen CoZn c¢dzeltisi bir yogunlastirictya gonderilir ve tasan ¢ozelti, Co ve Zn'nin ayrildigi CoZn
¢Oziicli ekstraksiyonu ve siyirma asamasindan once parlatma filtresine beslenir. Son agamada, Zn agisindan
zengin ¢oOzelti bir reaktdrde sodyum karbonat ile karistirilarak Zn karbonat tiretilirken, Co agisindan zengin
¢ozelti, ¢ozeltide kalan Cu'yu ayirmak i¢in bir iyon degisim kolonuna gonderilir. Cu igermeyen Co ¢ozeltisi
daha sonra sodyum karbonat yardimiyla kobalt karbonat olusturulan bir reaktdre gonderilir. CoZn rafinati,
proses atik suyu aritimi igin son nétralizasyon akisina gonderilir. Sekil 2, ETI Bakir'in hidrometalurjik kalsin
li¢ prosesini 6zetlemektedir.

2.1. Otoklav li¢ reaksiyonlari

Basing altinda okijenin kullanildig: yiikseltgen ortamda li¢ sirasinda asagidaki ana reaksiyonlar meydana
gelir (Karonen vd., 2015) S = Kat1 faz; Aq = S1v1 Faz)
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Me2+ (Cu, Co, Zn, Fe) siilfat ¢oziinmesi:
MeSOus — Me?'(aq) + SO42'(aq) ............ (D

Me3+ (Al, Fe) siilfat ¢oziinmesi:
Mez(SO4)3(S) — 2Me3*(aq) +3 SO42'(aq) e (2)

Asit ile metal oksit (Cu, Co, Zn) ligi:
MGO(q) + 2 H+(aq) — Mez+(aq) + HZO ........... (3)

Demir (II) iyonunun demir (III) iyonuna oksidasyonu:
Fe? ag)+ HY g+ O — Fe¥* g+ H2O ... (4)

Demir (III) iyonunun hematite ¢okelmesi:
2 Fe*ug+ 3 Ho0 — FerO35+ 6 H(ag) ... (5)

Ucg degerlikli arsenigin bes degerlikli arsenige oksidasyonu:
As¥ g+ H ag + Oze) — As™ a + H2O ... (6)

Arsenigin demir (III) arsenat olarak ¢okelmesi:
As™ g+ Fe*'ug) + 4 H,O — FeAsOus) + 8 HY(aq) .. (7)

3.Cozeltiden Cu, Zn, Co metallerinin Solvent Ekstraksiyon ile Kazanilmasi

Yikli ¢ozeltilerden Cu, Zn ve Co’ 1n kazanilmasi sirasinda asagidaki ana reaksiyonlar meydana gelir
(Ritcey ve Ashbrook, 1984; BASF, 2015) (Org= Organik faz):

————

Yiikleme Fazi:  Me?"(aq) + 2 HR(org) L= MeRo(org) + 2 H ag) - - .. (8)
—ie

Siyirma Fazi: MeRxorg) + 2 H gy L= Me* (aq) + 2 HRorg) -.... (9)

Burada: Me?* (Cu, Co, Zn); HR (organik faz); H+ (Asidik ortam, siilfat/kloriir) ifade etmektedir.

Mazidag1 Tesisinde bakirin ¢oziicii ekstraksiyonu igin LIX 984 N kullanmilmaktadir. 860N-IC ve
LIX 84-ICmin 1:1 hacim oraninda karistirilmasiyla elde edilen bu reaktif, demir, ¢inko ve kobalt varliginda
bakir i¢in segici olan, yiiksek parlama noktasina sahip bir hidrokarbon seyreltici icinde 'S-nonilsalisilaloksim
ve 2-hidroksil-5-nonil-asetofenon oksim' karisgtmdir. Siilfatli ¢ozeltilerden LiX 984 N ile metal segicilik
sirast ve pHso degerleri asagidaki gibidir (BASF, 2019):

Cu?*(1,0) > Fe**(2,5) > Ni*'(4,2) > Co*(5,5) > Zn**( > 6.0)
3.1.Bakar Solvent Ekstraksiyonu (CuSX)

Cu SX isleminde, devrede dahili nétralizasyonlu ii¢ ekstraksiyon asamasi, bir yitkama asamasi, iki siyirma
asamasi ve yiiklii bir organik tank bulunur. Cu SX'in iiretim ¢o6zeltisi olan zengin elektrolit i¢in, elektrolit
sirkiilasyon tanklarindan 6nce bir ¢oktiirme tanki ve ¢ift ortamli filtreler de mevcuttur. Cu SX'in siyirma
asamasindan alinan zengin bakir ¢dzeltisinden, elektro kazanma (elektroliz) ile Fe, Pb, S ve O gibi baslica
safsizliklarin diisiik seviyelerine olan %99,9979'un {izerinde safliga sahip 'A sinifi bakir katot' iretilmektedir
(Sekil 3). Yillik 2000 ton katot bakir tiretilmektedir.
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Sekil 3: Mazidag tesislerinde katot bakir {iretimi

3.2. Cinko Kobalt Solvent Ekstraksiyonu

CYANEX 272, Mazidag1 Tesisinde Kobalt ve Cinko'nun ¢oziicii ekstraksiyonunda kullanilmaktadir.
CYANEX 272'nin aktif bileseni 'bis(2,4,4-trimetilpentil) fosfinik asit'tir. Bu organik, kalsiyum ve kobaltin
varliginda ¢inko igin sec¢icidir. Metal secicilik sirasi ve pHso degerleri asagidaki gibidir (Solvey, 2008; Cytec,
2010; Ritcey, 2006; Cole ve digerleri, 2006):

Fe¥'(1,17) > Zn*'(1,84) > AP*(2,68) > Cu'(3,2) > Mn?>'(3,48) > Co*(3,77) > Mg (4,57) > Ca®'(4,9) >
Ni2*(6,74)

Cu SX ve EW devresinden elde edilen rafinat daha sonra demir giderme akisina gonderilir. Rafinati, pH'1
4,2-4,5'e getirmek i¢in kire¢ siiti kullanilir. Ardindan bulamag koyulastirilir ve tasan ¢ozelti, CoZn SX'e
verilmeden &nce bir aritma filtresine beslenir. ETI Bakir'in CoZn SX tesisi, bir kerosen yikama asamasi, dort
ekstraksiyon asamasi, iki organik yikama agamasi, dort kobalt siyirma asamasi, iki ¢inko siyirma agamasi,
bos organik tank, organik 6n noétralizasyon reaktort, liretim ¢ozeltisi son ¢oktiirme tanklari, tiretim ¢gozeltisi
organik giderme filtreleri ve tortu aritma isleminden olusmaktadir. Karistirici ¢oktiirme tanklari, son
coktliirme tanklar1 ve organik giderme filtreleri Outotec'in tescilli ekipmanlaridir. Bos organik tank ve 6n
noétralizasyon reaktorii tasarimlar: da Outotec tarafindan yapilmistir.

Sekil 4: Cinko Karbonat Tikneri
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CoZn SX prosesinden iki liretim ¢ozeltisi elde edilir; Co ¢ozeltisi ve Zn ¢ozeltisi. Co ¢ozeltisi, kobalt
¢oktlirmesinden 6nce bakir uzaklastirma iglemine gonderilir. Co ¢6zeltisinden bakir uzaklagtirma islemi iyon
degisim kolonlari ile yapilir. Son agsamada kobalt ve ¢inko, sodyum karbonat ile ayr1 metal karbonat tuzlar
olarak ¢oktiiriiliir. Bu islemler sonunda; 900 ton ¢inko metale karsi gelen ZnCOjs ile 2250 ton kobalta karst
gelen CoCOs tiretilmektedir (Sekil 4 ve Sekil 5).

Sekil 5: Kobalt Karbonat Tikneri
4. Otaklav Lici Kat1 Atiklarimin Degerlendirilmesi

Otoklavdan alinan piilp filtrelerde siiziildiikten sonra elde edilen ¢ozelti dogrudan Cu Zn ve Co tin
kazanilmasi i¢in solvent Ekstraksiyon tinitelerine gonderilirken, kati malzeme, diger bir ifadeyle li¢ keki,
kekte bulunan Au ve Ag iin kazanilmasi icin siyaniir ligine tabi tutulmaktadir. Altin % 85 Giimiis ise, %
15’1lik verimlerle kazanilmaktadir. Yillik 500 kg altin iiretimi s6z konusudur (Sekil 6).

Siyaniirleme islemi sonrasi kalan atik ise, sanayide demir iretimine uygun, empriite igermeyen ve
%62- 65 Fe iceren, mineralojik olarak agirlikli olarak hematitten olusan, bir hammaddedir. Miktar1 yillik
350.000 tondur. Bu hammadde igin Mazidag1 entegre tesisinde ‘Demir Izabe’ tesisi kurulmasi planlanmis ve
yatirim faaliyetine gecilmistir (Sekil 7).

Sekil 6: Altin Uretimi
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Sekil 7: Demir Uretimi (Tesis Asamasinda)

5. Sonuclar

Eti Bakir Kiire isletmesinde bugiine kadar bakir konsantresi diginda herhangi bir hammadde tiretilmezken,
diger bir ifadeyle kobalt, kiikiirt, flotasyonda kazanilamayan bakir ile altin ve giimiis gibi degerler; tesiste
pirit flotasyonu yapilmak suretiyle bu konsantreye alinmakta ve atik barajinda birakilmamaktadir. Yine
gelistirilen cok énemli bir proje ile Mazidagi’nda kurulmus olan ETI Giibre Ve Metal Geri Kazanim Entegre
Tesislerinde islenmektedir;

1. Kiire pirit konsantresi kavrularak olugan gazdan siilfiirik asit iiretilmektedir.

2. Silfiirik asit ile fosfat konsantresi reaksiyona sokularak, giibre iiretiminde kullanilmak iizere
fosforik asit iiretilmektedir.

3. Kavurma sonrasi elde edilen kalsin, basing altinda yiikseltgeyici ortamda li¢ edilerek kalsinde
bulunan Cu Co ve Zn ¢oziindiiriilmektedir.

4. Coziindiirilen bu elementler Tiirkiye’de ilk defa uygulanan Solvent Ekstraksiyon Teknigi ile
kazanilmaktadir.

5. Altin glimis otoklav sonrasi elde edilen kekten siyaniirleme islemi ile kazanilmaktadir.

6. islemler sonrasi geri kalan demiri yiiksek atik ise, demir {iretimine uygun bir hammaddedir. Tesis
kurulmaktadir.

Sonug olarak, Kiire cevherinden elde edilen pirit konsantresi icerdigi kiymetli elementleri kazanilmak
suretiyle Eti Giibre Mazidagi Kompleksinde, herhangi bir atik {iriin agiga ¢ikmadan degerlendirilmektedir.
Bu tesis, sifir atik prensibiyle ¢alisan 6rnek bir yatirimdir.

Tesekkiir

Uzun yillardir bilinmesine ragmen degerlendirilme sans1 bulamamis olan kobalt entegre bir tesiste bagari ile
gergeklestirilmigtir. Bu tesisin kurulmasi asamasinda projelendirilmesinde ve faaliyete hazirlanmasinda
emegi gecen her ¢alisan, ben de dahil, tesekkiirii hak etmigtir. Mazidag: entegre tesisinin kurulmasinda en
biliyiik destecisi Eti Bakir AS olup, burada igverenler Cengiz Holding sahipleri de tesekkiirii hak
etmektedirler. Ulkemizin yeni sifir atik tesislerine kavusmasi dileklerimle.
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0zet

The EU Directive on the Management of Waste from the Extractive Industries (Directive 2006/21/EC, Mine
Waste Directive (MWD)) requires the risk-based inventory of all mine waste sites in Europe by 2012. In this
context, the present study provides a summary of the work carried out in the scope of the EU financed
Mining Waste Management Project to prepare a risk-based inventory of closed and abandoned mine waste
sites in Tiirkiye. In order to address the mining environmental problems a two-tiered approach based on the
EU MWD Pre-selection Protocol was used in preparing a risk-based inventory. Potential mine waste sites
were identified through a review of archival records of relevant intuitions, as well as an examination of
scientific and technical publications and aerial photographs. After screening and preselection of mining sites
(Tier 0 risk assessment), 300 sites were selected for Tier 1 risk assessment. Tier [ risk assessment was
carried out based on an 18- question survey organized into four sections- known significant impact and the
source, pathway and receptor sections- using data both from existing databases and field surveys. The
collected data were evaluated using a simple scoring system, with each site assigned a score between 1 and
14, uncertain responses were treated as “Yes” under the precautionary principle, except in section I(known
significant impact).

The result indicated that, for most sites, the number of questions that could be reliably answered was seven
or fewer, which is insufficient for an 18-questions risk assessment. Among the investigated waste sites, 15
were classified as posing no risk due to the incomplete source-pathway-receptor chain (i.e., the absence of
one or more of the source, pathway, or receptor components). Based on the established threshold values, a
total of 204 mine waste facilities with high-risk scores were identified as requiring “Further Examination”.
Of these facilities, 91 abandoned (88 waste rock piles, 3 tailings ponds/dams) and 113 are active (72 waste
rock piles, 41 tailings ponds/dams).

Keywords; Mine Waste directive, risk-based inventory, Pre-selection protocol
1. Giris

Abandoned mines and improperly closed mines are a significant problem in areas with long historic
mining countries, because mining industry have evolved to become sustainable and responsible only in last
60 years. Apart from that abandoned mines are the same as active mines in terms of types of hazard and
potential impact on the environment, their major problems are uncertainty in information and lack of control.
Direct exposure to the acid mine drainage (AMD) and sediments discharged from abandoned metal mines
poses a serious hazard to aquatic biota and to humans (Panagopoulos et al. 2009; Sarmiento et al. 2011).
There are an estimated 3 million potentially contaminated sites in the whole European Union, of which about
250,000 are actually contaminated and in need of remediation (EEA, 2007).
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As part of Tiirkiye’s integration process into the European Union (EU), the transposition of the EU
Directive on mining waste into national legislation has become inevitable. To this end, the “Mining Waste
Management” project, supported under the Instrument for Pre-Accession Assistance (IPA) Component I
during the 2008 programming period, covered the harmonization of the relevant directive with national
legislation, the enhancement of technical capacity, and the development of a risk-based inventory of mining
waste sites in Tiirkiye.

This study presents the methodology and outcomes of the risk-based inventory developed between 2012
and 2014. The Turkish case encompasses not only abandoned mining waste facilities, as required by the
directive, but also selected active mining waste sites.

1.1. Directive 2006/21/EC (Article 20)-risk-based inventory of abandoned mine waste sites

The EU Directive on the Management of Waste from the Extractive Industries (Directive 2006/21/EC,
Mine Waste Directive (MWD)) requires in Article 20 that Member States shall ensure that an inventory of
closed waste facilities, including abandoned waste facilities should be accomplished by 2012 and to update
the inventory periodically thereafter. Article 21 further states that the inventory should be prepared on a risk-
based approach.

Based on Article 20, the methodology to be used should possess the following characteristics: 1) be
risked-based, i.e. consider both the probability of an event occurring and the impact of such an occurrence, 2)
address the source, pathway and receptor paradigm, 3) be simple and office-based, 4) use readily available
data, 5) address data and information uncertainty, 6) address serious damage to both human health and the
environment (ecosystem) receptors, 7) assess whether the closed waste site contains either hazardous waste
or dangerous substances, 8) assess the physical stability of the closed waste site, 9) address serious damage
occurring at the present and the potential for such damage to occur into the future (medium term, i.e. 1 to 10
years), 10) provide a selection of waste sites for further assessment, 11) produce a selection of waste
facilities that would be reasonably certain of capturing all relevant facilities, i.e. precautionary, 12) be
reasonable and proportionate for the task (Abdaal et al, 2013).

1.2 Risk assessment (RA)

Contamination Risk assessment (RA) is defined as the probability of adverse effects to humans and
ecosystem resulting from exposure to environmental pollutants (CARACAS 1999; US EPA 1989; 1998),
therefore RA is concerned with the risk involved at a specific site, at a specific time, and due to specific
causes. RA includes the steps of 1) hazard description, 2) dose/response (toxicity) analysis, 3) contaminant
transport, 4) exposure assessment, 5) risk characterization, and 6) risk management (Van Leuwen and
Hermens 1996; U.S. EPA 2002; 2007). Contamination risk exists for a site only if all the source, pathway
and receptor components are present. In the case of mine waste sites, for example, this means that a
hazardous waste should be present such as an ore tailings pond, contamination transport should be enabled
by air, surface- and groundwater or direct contact to reach sensitive receptors such as settlements, protected
ecosystems or agricultural lands.

2 Materials and Methods

Risk assessment was conducted using a two-tiered approach based on the EU MWD Pre-selection
Protocol (Stanley et al. 2011; Abdaal, Jordan and Szilassi, 2013), comprising Tier 0 risk assessment
(screening and pre-selection) and Tier 1 risk assessment (ranking and selection). Potential mine was sites
were identified through a review of archival records of relevant intuitions, as well as an examination of
scientific and technical publications and aerial photographs. A total of approximately 500 potential mining
sites were identified using multiple data sources. Tier 0 assessment, conducted using archival data, involved
risk ranking of sites based on criteria such as commodity type, spatial distribution, evidence of acid mine
drainage (AMD), facility size, proximity and type of environmental receptors, site abandonment status, and
host geology. A mathematical model based on a risk rating approach was applied to evaluate the
environmental risk associated with each site. Sites with confirmed evidence of Acid Mine Drainage (AMD)
were directly classified as high-risk and included in the priority list without further scoring. Each parameter
was assigned a score, and cumulative scores were calculated to determine overall risk levels. Based on the
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scoring and ranking process, all together 300 sites were prioritized and ordered from highest to lowest risk
for detailed assessment.

In the second stage, Tier 1 risk assessment was carried out based on an 18- question survey organized into
four sections was carried out based on EU MWD Pre-selection Protocol (Stanley et al. 2011). The selected
300 sites were organized into 28 polygons, and field visits were conducted to collect the required data and
information. During these visits, metallic, coal(lignite) and boron mine wastes were prioritized for sampling
while inert mining waste, according to the Turkish Inert Mining Waste List, were generally excluded.

The EU MWD Pre-selection Protocol, as shown in Fig. 1, consists of four sections: (1) Known serious
impact, (2) Source, (3) Pathways and (4) Receptors. Section 1 seeks to determine if a site has had a
documented incident with a serious impact on human health or the environment (Q1). Section 2 addresses
the chemical composition and physical stability of the mine waste site acting as potential contamination
source (source questions Q2—Q10). Three questions address the content of the waste site, if the waste
contains sulfide minerals (Q2), heavy metals (Q3) or the mine uses dangerous chemicals (Q4). This is
followed by six questions that address the stability of the facility (see flowchart). Q5 asks if the type of the
facility is either a tailings lagoon or a waste heap. If the site is a tailings lagoon, there are two further
questions: if the area of tailings lagoon site is >10.000 m2 (Q6) and the height is >4 m (Q7). If the site is a
waste rock heap, there are three further questions: if the waste heap area is >10.000 m2 (Q7), the height is
>20 m (QS8) and the topographic slope under the waste heap site is >5° (Q10). Section 3 considers the
potential pathways by which receptors could be impacted by the mine waste source. Four pathway questions
cover the four potential contamination transport routes: if a surface water course is within 1 km of a mine
waste site (Q11), if there is a high permeability layer beneath the mine waste site (groundwater pathway;
Q12), if the waste material is exposed to air (Q13) and if the waste site is uncovered allowing direct contact
(Q14). Section 4 seeks to identify four major sensitive human and ecosystem receptors. Question Q15
examines if a human settlement with >100 people is located within 1 km of a waste site, Q16 asks if the
waste site is located within 1 km distance of groundwater body in ‘poor status’, Q17 asks if a Natura 2000
site is located within 1 km distance of a waste site and Q18 inquires if a waste site is within 1 km distance of
an agricultural area.

Tier 1 risk assessment is based on counting the “Yes” responses for each section at each site. The
collected data from existing databases and field surveys were evaluated using a simple scoring system, with
each site assigned a score between 1 and 14; uncertain responses were treated as “Yes” under the
precautionary principle, except in section 1(known significant impact). This risk-based ranking and selection
should result in the elimination of those sites which do not cause or have the potential to cause a serious
threat to human health and the environment from the inventory of closed waste sites. Note that even if a
waste facility passes the pre-selection protocol and classified as EXAMINE FURTHER, it does not mean
that the abandoned/closed waste facility will necessarily be included in the final inventory.

2.1. The logic of the pre-selection protocol

The logic of the pre-selection protocol is designed to answer the target single yes-or-no question: should
the closed waste facility be FURTHER EXAMINED? Or the question formulated as a Boolean true-false
(yes-no) statement: The site should be further examined. According to the Mine Waste Directive this means
that the ‘facility poses the risk of serious environmental impact’. Dictated by rules of formal mathematical
logic, the pre-selection procedure has to be designed to provide an unambiguous conclusion to decide if this
statement is TRUE or FALSE. In this pre-selection procedure, these two logic values are expressed as ‘YES’
or ‘NO’ answers to the target question, respectively. Further examination is required if and only if the facility
pose risk at human health or the environment. A facility poses risk only if all the three risk components are
present that is if there is a contamination source, a pathway for contamination transport and a sensitive
receptor. The lack of any of these three components zeros out environmental risk. Therefore, there is a
Boolean AND logical link between the Source, Pathway and Receptor compartments (Jordan and Selba,
2014)
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Risk Assessment S-P-R PARAMETER VALUE
Q1. Is the closed mine waste facility known to have had an
1. IMPACT incident which has had a serious impact on human health or the |YES/NO/UNKOWN

environment?

Q2. Did the mine work sulphide minerals or produce a waste
containing sulphide minerals?

Q3. Were any of the following produced from the mined mineral
2A. contents - Ag, As, Ba, Be, Cd, Co, Cr, Cu, Hg, Ni, Pb, Sh, Se, Sn, Te, Tl, U, V, |YES/NO/UNKOWN
Zn or asbestos?

Q4. Did the mine use dangerous chemicals to process the mined

YES/NO/UNKOWN

minerals? YES/NO/UNKOWN
2. SOURCE ' ' R
Q5. Is the waste facility a tailings lagoon or a waste heap? YES/NO
Q6. Is the area of the tailings lagoon >10,000m2? YES/NO/UNKOWN
Tailings |Q7. Is the height of the tailings lagoon >4m? YES/NO/UNKOWN
28. stability Q 10. Is the slope of the foundation >1:12? YES/NO/UNKOWN
’ Q8. Is the area of the waste heap >10,000m2? YES/NO/UNKOWN
Waste heap (Q9. Is the height of the waste heap >20m? YES/NO/UNKOWN
Q 10. Is the slope of the foundation >1:12? YES/NO/UNKOWN
11. SURFACE WATER Is th t ithin 1k f th
Q‘ i s there a water course within 1km of the YES/NO/UNKOWN
mine waste facility?
Q 12. GROUNDWATER Is there a high permeability layer beneath
YES/NO/UNKOWN
3. PATHWAY the mine waste facility? /NO/
13. AIR Is th terial within th i te facilit d
Q . s the material within the mine waste facility expose YES/NO/UNKOWN
to the wind?
Q 14. DIRECT CONTACT Is direct contact possible? YES/NO/UNKOWN
15. Is there a human settlement with >100 people within 1km
Q u Wi people withi YES/NO/UNKOWN
of the waste facility?
16. Is the facility located within 1km of a water body (surface
Q Hlity Wit W y (su YES/NO/UNKOWN

4. RECEPTOR water resource or an aquifer )?
Q 17. Is there a protected area within 1km of the waste facility? |YES/NO/UNKOWN
Q 18. Is the waste facility within 1km of agricultural land or
livestock?

YES/NO/UNKOWN

Figure 1: The questionary based on the EU MWD Pre-selection Protocol
3. Results and Discussion

The EU MWD Pre-selection Protocol provides a systematic approach for pre-screening and ranking
contamination risks at mine waste sites, serving as a critical tool in early-stage decision-making. Its
implementation typically relies on extensive GIS-based desk assessments. In contrast, data availability in
Tiirkiye during the study period was highly limited. Essential digital spatial datasets—such as topographic
maps, high-resolution (<50 m) terrain data, and water body status—were scarce or inaccessible. As a result,
Tier 1 risk assessments in Tiirkiye had to rely almost entirely on field data rather than the desk-based
inventories commonly used in EU countries.

During field visits to the 300 identified sites, several limitations were encountered. These included
locations where no mining activity actually existed, sites where mining operations were present but access
was restricted (e.g., due to lack of transportation), and active mines where entry was denied by the operator.
Additionally, some sites were found to have no mine waste storage facilities.

As pre-screening RA based on the EU MWD Pre-selection Protocol plays a key role in the first stage
decision-making, however within the 300 sites, a considerable number of mining areas had seven or fewer
questions answered, which was insufficient for the risk assessment study consisting of 18 questions. More
interesting is that 60% of active mines had no information about the permeability of layers beneath their
waste facilities to be provided at the time of the site visits. There were numerous active mines with basic
information deficient about the geological conditions of their own sites in Turkey. It is noted that the
obtained final ranking is sensitive to uncertainty because the precautionary principle renders high risk to
unknown data. Every new piece of information would decrease the number of unknown parameter values
and hence increase certainty and confidence that may change the risk ranking of facilities.
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The hence developed RA inventory database contains 168 mine sites with about an equal number of
Active (79 mines) and Abandoned (89 mines) sites. 36 sites have both tailings lagoon and waste rock heap
inventoried yielding a total of 204 waste facilities consisting of 44 Tailings lagoons 160 Waste rock heaps.
There are 91 Abandoned waste facilities (88 Waste rock heaps and 3 Tailings Lagoons) and 113 Active
waste facilities (72 Waste rock heaps and 41 Tailing Lagoons) to be risk-assessed. The results showed that
there are about 4 times more waste rock heaps than tailings lagoons in the metal, coal (lignite) and boron
mining sector It is noteworthy that only three abandoned tailings lagoons were identified.
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Macun Dolgu Teknolojisinde Mermer Atig1 Kullaniminin Mekanik ve
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Ozet

Mevcut aragtirma, siilfiirlii maden atigi (S-MA) yerine belirli oranlarda (%5-10-15) mermer atigt (MA)
ikamesinin CMD’nin dayanim, duraylilik ve mikroyap1 6zelliklerine etkisi lizerine yogunlagmistir. Bu amag
dogrultusunda, %8,5 ¢imento dozajinda kontrol (%100 S-MA) ve S-MA yerine kismen (%5-15) MA ikameli
CMD numuneleri hazirlanmistir. Numuneler iizerinde 7-28-90-180-360 giin boyunca basing dayanimi (BD),
pH (asit) ve SO4* (siilfat) analizleri yiiriitiilmiistiir. Ayrica, 28 giinlik CMD’lere MIP cihaz1 vasitasiyla
porozite testleri uygulanmistir. Bulgular degerlendirildiginde, Kontrol ile karsilastirildiginda, 6zellikle %15
MA igeren CMD numunelerinin dayanim ve duraylilik (dayanim kaybi) performansint gelistirdigi ve dolgu
bilinyesinde S-MA’da bulunan pirit mineralinin oksidasyonu sonucu iiretilen asit ve siilfata karsi direng
gosterdigi belirlenmistir. Porozite bulgular incelendiginde ise, her iki ikame oraninda (%5 ve %15) hazirlanan
numunelerin kontrole nazaran daha diisiik porozite iiretti§i ve porozite bulgularinin dayanim ve duraylilik
bulgularini destekledigi belirlenmistir. Sonug olarak, CMD’nin baskin bileseni olan S-MA’nin MA ile kismen
(%15) yer degistirilmesinin mekanik ve mikroyap1 performansi iizerinde olumlu etkisi oldugu anlagilmistir.

Anahtar Kelimeler; Macun dolgu, Siilfiirli maden atigi, Mermer atig1, Basing dayanimi, Asit-siilfat, Porozite.

Influence of Marble Waste Utilization on the Mechanical and Microstructural Performances
in Paste Backfill Technology

Abstract

The present study concentrates on the influence of marble waste (MW) substitution at different ratios (5-10-
15%) for sulphidic mine tailings (S-MT) on the strength, durability, and microstructural characteristics of
CPB. To this end, CPB mixtures were fabricated with a cement dosage of 8.5%, including a control mixture
(100% S-MT) and mixtures in which S-MT was partially replaced by MW (5—15%,). The CPB samples (CPBs)
were put to compressive strength (UCS), acidity (pH), and sulfate (SO+*) analyses over 7-28-90-180-360 days.

Additionally, porosity measurements were conducted using MIP apparatus after 28 days. When the findings
were appraised, it was designated that, compared to the control, CPBs containing 15% MW enhanced strength
and durability (strength loss) performance, and exhibited resistance to the acid/sulfate produced by the pyrite
mineral’s oxidation in the S-MT, the dominant component of CPB matrix. Porosity analysis demonstrated that
CPBs prepared with both 5% and 15% substitution ratios exhibited lower porosity values than the control,

and the porosity findings supported the observed strength and durability results. Overall, the findings indicate
that the partial substitution (15%) of S-MT-the dominant component of CPB-with MA has a favorable impact
on the mechanical and microstructural performance of CPB.

Keywords; Paste backfill, Sulphidic mine tailings, Marble waste, Unconfined strength, Acid-sulphate,
Porosity.
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1. Giris

Yeralt1 maden isletmelerinde, arakatli kazi ve kes doldur gibi iiretim yontemlerinde cevheri alinmig iiretim
odalarinin tahkimat amaciyla cevher zenginlestirme sonucunda ortaya ¢ikan maden atiklarinin depolanmasina
imkan veren ¢imentolu macun dolgu (CMD)), filtrasyon islemine tabi tutulmus zenginlestirme tesisi atiklarinin
(%75-85, agirlikga), nispeten diisiik oranlarda kullanilan baglayict malzeme (%2-9) ve su ile karistirilmasi
sonucu elde edilen yogun ve homojen bir dolgu materyalidir. Bu kompozit yapi, karigim igerisinde ayrigma
egilimi gostermemesiyle karakterize edilmektedir (Li & Fall, 2018; Panchal vd., 2018; Yilmaz vd., 2018).
CMD teknolojisi sayesinde zararli mineraller barindirma potansiyeli bulunan maden atiklarinin yaklasik %50—
55’1ik bolimii yeralti madenciligi sirasinda olusan agikliklarda depolanabilmekte ve boylece yiizeyde
kurulmas1 gereken atik depolama tesislerine olan ihtiya¢ azalmakta ve buna bagh rehabilitasyon ile bakim
maliyetleri 6nemli dl¢iide diisiiriilebilmektedir (Pokharel & Fall, 2013; Yilmaz & Er¢ikdi, 2022a). Maden
atiklarmin c¢evre dostu bir bicimde ele alinmasina imkan vererek Avrupa Birligi nezdinde atik yonetimi
konusunda en faydali uygulamalardan birisi olarak gosterilen mevcut yontem madencilik faaliyetlerinin uzun
vadeli ve siirdiiriilebilir gelisimi hususunda énemli derecede rol oynamaktadir (European Commission, 2018;
He vd., 2025).

Atik yonetimi agisindan ¢evre dostu bir politika {istlenen CMD’nin tahkimat gorevini yerine getirebilmesi
icin kisa donemde gerekli olan dayanimi iiretmesi ve uzun donemde bu dayanimin devamlilik gdstermesi
oldukca biiyilk 6nem arz etmektedir. Bu hususta yaklasik 40 yillik bir ge¢mise sahip olan CMD
uygulamalarinda siklikla kullanilan baglayict malzemenin Portland ¢imentosu (PC) oldugu gegmis
caligmalardan rahatlikla anlasilmaktadir (Yilmaz & Er¢ikdi, 2022b). Fakat, PC’nin maden atiklar1 biinyesinde
bulunmasi muhtemel siilfiir minerallerinin (pirit gibi) oksidatif reaksiyonlar1 sonucu gelisen asit ve siilfat
olusumuna kars1 koyma konusunda yeterli diizeyde direng gdsteremedigi literatiirde yer alan birgok ¢alismada
vurgulanmaktadir (Ercikdi vd., 2015; Yin vd., 2018; Yilmaz, 2019). CMD biinyesinde meydana gelen
asit/siilfat olusumuna kars1 miicadelede PC’nin zayif kalmasindan dolayi, daha ¢ok uzun donemde dolgu
matriksinde genlesme karakteristigine sahip ikincil mineraller yiiziinden olusan catlak vb. kusurlar dolgunun
durayliligimi kaybetmesine (dayanim kaybi) sebep olmaktadir (Ercikdi vd., 2015). Bunun 6niine gegebilmek
icin ilk akla gelen alternatif bir ¢6ziim olarak ¢imento miktarinin arttirilmasi CMD performansini geligtirse
bile problemi tamamen ¢ozememekte, dahasi hem cimento sarfiyatinda yasanan artis yiiziinden isletme
maliyetleri olumsuz etkilenmekte hem de ¢imentoya olan talebin artmasi sonucu ¢imento iiretim siireglerinde
yasanan CO; emisyonlari artigi hava kirliligine ve atmosferin 1sinmasina yol agmaktadir (Zheng vd., 2018; Yin
vd., 2018; Er¢ikdr & Yilmaz, 2019).

CMD ile ilgili hem yukarida vurgulanan problemlerin ¢dziimiine hem de CMD performansinin
gelistirilmesi amaciyla 6zellikle CaO igerigi yiiksek katki malzemelerinin ¢gimento veya atik yerine ilave veya
ikame edilerek kullanimina ydnelik sayisiz aragtirmalar yiiriitiilmiistiir (Fall vd., 2007; Ercikdi vd., 2015;
Yilmaz vd., 2017; Cihangir & Akyol, 2018; Li & Fall, 2018; Bascetin & Eker, 2019; Yilmaz vd., 2018; Yilmaz
vd., 2020; Yilmaz vd., 2021; Yilmaz & Ercikdi, 2022a,b). Bu malzemelerden birisi olan mermer atig1 (MA);
biinyesinde ¢ok yiiksek oranda (%98’e kadar) kalsiyum karbonat (CaCO3) barindiran ve metamorfik kayag
kategorisinde yer alan mermerin endiistriyel Olgekte bloklar halinde {iretilmesi ve islenmesi (kesme,
boyutlandirma, sekil verme, vb.) siirecinde acgiga ¢ikan inert karakterli bir yan iirlindiir. Global mermer
rezervinin (15 milyar m®) yaklasik %30’unun iilkemizde (5,2 milyar m®) oldugu ve iilkemizdeki iiretim ve
isleme siire¢leri esnasinda yillik 2,59 milyon ton MA ortaya ¢iktigi bildirilmistir (Gesoglu vd., 2012; Alyamag
& Aydin, 2015; Kirgiz, 2016). Bu atiklarin uygun sekilde yonetilmemesi (depolanmasi, bertaraf edilmesi, vb.)
cevresel acidan ciddi riskler olusturabilmektedir (Tozsin vd., 2014; Demir, 2017). Bu baglamda, MA
kullanilarak asfalt yol kaplamalar1 (Akbulut & Giirer, 2007), duraylilig1 yiiksek beton imali (Binici vd., 2008;
Aliabdo vd., 2014; Sardinha vd., 2016), ¢imento iiretimi (Aruntas vd., 2010), tugla yapim1 (Bilgin vd., 2012),
CMD karisim tasarimi (baglayiciya ikame olarak) (Ercikdi vd., 2015; Zheng vd., 2016) ve asit karakterli
topraklarin nétrlestirilmesi (Tozsin vd., 2014) gibi bir¢ok farkli konuda ¢alismalar yiirtitilmiistir.

Mevcut arastirma, daha onceki ¢alismalardan farkli olarak siilfiirlii maden atig1 (S-MA) yerine belirli
oranlarda (%5-10-15) mermer atig1 (MA) ikamesinin %8,5 ¢imento dozajinda imal edilen CMD’nin uzun
dénem (360 giine kadar) dayanim, duraylilik ve mikroyap1 6zelliklerine etkisi iizerine yogunlasmaistir.

136



Macun Dolgu Teknolojisinde Mermer Atigi Kullaniminin Mekanik ve Mikroyapi Performansina Etkisi Tekin Yilmaz vd.,

2. Materyal ve Metot
2.1. CMD Bilesenleri

CMD fiiretiminde baskin bilesen olarak yer alan siilfiirlii maden atig1 (S-MA) Kastamonu-Kiire’deki
Etibakir Isletmesi’nden, Portland ¢imentosu ise (PC: CEM 1 42,5R) calisma gerceklestirildigi yillarda
Trabzon’da faaliyet gosteren Askale Cimento Fabrikasi’ndan temin edilmistir. CMD karisimlarinda atik
malzemeye ikame edilen mermer atig1 (MA) Gilimiishane’deki mermer ocaklarindan getirilmistir. Ocaktan
getirilmis hali olduk¢a biiyiik boyutlu olan MA’nin S-MA ile benzer tane boyutu gdstermesi adina MA
iizerinde sirasiyla balyoz (Sekil 1a), ¢eneli kiric1 (Sekil 1b) ve bilyeli degirmen (Sekil 1¢) yardimiyla boyut
kiigiiltme islemleri yiirtitiilmistiir.

Sekil 1. MA 'min kirma-6giitme sonrasi gériiniimii: balyoz (a), ¢eneli kirici (b) ve bilyeli degirmen (c)

Bilesenlerin fiziksel karakterizasyon testleri (tane boyutu analizi (TBA): Malvern-Master Sizer 2000, 6zgiil
agirlik (OA): 100 ml hacimli piknometre ve 6zgiil yiizey alan1 (OYA): AS-TEK blaine test cihazi1) sonucunda
edinilen bulgular Tablo 1’de sunulmustur. Ayrica, TBA sonucunda S-MA’nin %48,41 oraninda ince (-20 pm)
malzemeden olustugu gorilmiistiir.

Tablo 1. CMD bilesenlerinin fiziksel, kimyasal ve mineralojik 6zellikleri

Fiziksel Ozellikler
Malzemeler Tane boylgu (pm) D OA OYA Mineralojik Ozellikler
Do Dso ’ (g/em’)  (cm?g)
30 0
S-MA 2.0 %’ 22,0 6? 337 4440  Pirit, Albit, Kuvars, Kalsit, Klorit
8, 49 C3S =56,51 C3A =8,79
PC 2,2 9 21,7 ,9 3,12 4330 C,S=17,82 C4AF =9,31
MA 12 %’ 14,8 5(} 2,70 4670 Kalsit
Malzemeler Kimyasal Ozellikler
SiO, ALOs Fe O3 MgO CaO S FeS,
S-MA 31,89 8,97 33,09 4,08 3,48 1852’ 29,66
PC 21,02 5,27 3,06 2,19 62,91 - -
MA 1,09 0,48 0,09 0,16 55,74 - -

ICP AES ve XRD cihazlari vasitasiyla gerceklestirilen kimyasal ve mineralojik karakterizasyon testleri, S-
MA’nin esas olarak 3 mineralden (SiO,, Al,Os3 ve Fe,03) olustugunu, biinyesinde pirit, kuvars, albit, klorit ve
muskovit bulundugunu ve %15,82 oraninda siilfiir icerdigini gostermistir. PC ve MA nin ise sirastyla %62,91
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ve %355,74 oraninda CaO minerali barindirdigi ve MA nin ¢ogunlukla kalsit (CaCO3) igerdigi gézlemlenmistir
(Tablo 1).

2.2. CMD Uretimi

CMD iiretimi S-MA’nin 19,05 cm akiskanliga bagl kat1 oran1 degerine uygun olarak 2 grupta (kontrol ve
MA ikameli) gergeklestirilmistir. Kontrol (1.) grubu %8,5 PC dozajinda tamamen (%100) S-MA igerirken, 2.
grupta yer alan MA ikameli CMD’ler ayn1 baglayici oraninda S-MA yerine %5-10-15 oraninda MA ikame
edilerek tretilmistir (Tablo 2). 1. grup (S-MA, PC ve musluk suyu) ve 2. grup (S-MA, PC, MA ve musluk
suyu) CMD karisimlari laboratuvar tipi karistirict (Univex SRMF 20) 7 dakika boyunca ve 105 devir donme
hizinda ¢aligtirilarak homojen bir bigimde hazirlanmustir (Sekil 2a). Karigimlar alttan drenaj 6zellikli silindirik
(5x10 cm) kaliplara doldurulmus, fazla suyun drene olmasi icin drenaj tablalarinda 24 saat siiresince
bekletilmis (Sekil 2b) ve ardindan kiir dolabinda (sicaklik: 20°C ve nem: %85) 7-360 giin siiresince
kiirlenmistir (Sekil 2c¢).

Tablo 2. CMD karisimlarina ait tasarim parametreleri

Ikame oram (%) Baglayici oram1  Kati oran1  Su/¢imento orani

Karisim kod Akiskanlik (cm
s kodu = MA (%) (%) (%) skanlik (cm)
Kontrol 100 - 73,70 4,20
%35 MA 95 5 73,97 4,14
%10 MA 90 10 8,5 74,33 4,06 19,05
%15 MA 85 15 74,70 3,98

o

Sekil 2. CMD imalindeki karistirici (a), numunelerin drenaj (b) ve kiir siireci (c)
2.3. Uygulanan Testler/Analizler

Her kiir siiresi (7-28-90-180-360 giin) i¢in 3 tane, toplamda ise 60 adet CMD numunesine uygulanan basing
dayanimi (BD) deneyleri, ASTM C39 (2016) standardi esas alinarak UTEST markasi tarafindan imal edilen
basing—deformasyon setinde (yiikleme hizi= 1,00 mm/dk ve yiik kapasitesi= 50 kN) gerceklestirilmistir (Sekil
3a).

BD testi tamamlanan CMD numuneleri 2,36 mm’lik elekten gececek boyutta Ogiitiilmiis, Ogiitiilen
numunelerden yaklasik 1,25 g alinarak nem igerikleri (Sartorius MA35) belirlenmis, buna bagli olarak kat1 ve
sivi miktarlar1 hesaplanarak kati-sivi karisimlart hazirlanmistir. Hazirlanan karigimlar kati-sivi ayriminin
gerceklesmesi amaciyla 1 saat agizlar1 kapali bir bicimde bekletilmis, ardindan filtrasyon islemi yapilarak elde
edilen berrak sivilarin pH’lar1 (Oakton pH/Con 510) 6l¢iilmistiir (Cihangir, 2011) (Sekil 3b).
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Sekil 3. Uygulanan testler/analizler: BD testi (a), pH (b), siilfat (c) ve porozite (d) analizleri

Her karisimdan elde edilen berrak sivilardan bir miktar cam tiiplere alinmis ve saf su ile seyreltilerek
icerisine siilfat analiz tableti (BaCl,) eklenmis ve plastik cubuk vasitasiyla karigtirilmistir. Sonrasinda, cam
tiipler Palintest photometer 5000 cihazindaki hazneye yerlestirilerek her bir CMD karigiminin siilfat icerigi
belirlenmistir (Cihangir, 2011) (Sekil 3c).

Yukarida testleri/analizleri gerceklestirilen CMD numuneleri ile ayn1 deneysel tasarim kosullarinda
iiretilmis 3 adet CMD numunesi (Kontrol, SMA ve 15MA) 28 giin sonunda etiivde (sicaklik= 50°C ve siire=
60 saat) kurutulmus, ardindan desikatoérde sogultulduktan sonra 3 cc’lik penetrometre igerisine sigacak boyutta
numune almarak MIP cihazi (Micromeritics Autopore IV 9410) yardimiyla porozite analizleri yapilmigstir
(ASTM D 4404-18, 2018) (Sekil 3d).

3. Bulgular ve Tartisma
3.1. Basin¢ Dayamimu Bulgular:

Sekil 4, %8,5 ¢imento dozajinda liretilen CMD (Kontrol ve %5-10-15 MA ikameli) numunelerinin 360
giine kadar gerceklestirilen basing dayanimi (BD) sonuglarini icermektedir.

Kontrol CMD numuneleri 90 giine kadar dayanim kazanimi saglarken, sonrasinda diigiis egilimine
girmistir. Buna kargin, S-MA yerine MA ikame edilerek imal edilen CMD numuneleri 180 giline kadar dayanim
kazanimim stirdiirmiis ve sonraki kiir stirelerinde dayanim kaybi ortaya ¢ikmaistir. S-MA yerine MA ikamesinin
etkisi incelendiginde, ikame oran1 artisinin kiir siiresinden bagimsiz olarak CMD’nin dayanim performansini
gelistirdigi belirlenmistir. Ayrica, sadece %15 MA igeren macun dolgu numuneleri Kontrol’e kiyasla daha
yliksek basing dayanimi tiretmistir (Sekil 4). MA ikamesinin uzun donem CMD performansi tizerindeki olumlu
etkisi; S-MA’dan kaynaklanan oksidasyon sebebiyle olusan asiti MA’nin nétralize etmesi ile agiklanabilir.
Dahasi, daha ince MA tanelerinin atik taneleri arasindaki bogluklar1 doldurarak karisimin kati oranini arttirmast
(74,70>73,70) ve su-¢imento oranimi azaltmasi (3,98<4,20) dayanim-duraylilik performansini gelistirmistir
(Tablo 2) (Ercikdi vd., 2013; Celik vd., 2014; Yilmaz vd., 2017).

—O—Kontrol —— %5 MA
0,

0,

2,0 1
1,8
1,6

1,2
1,0 3 -
0.8
0,6
0,4

Basing dayanimi (MPa)

0 60 120 180 240 300 360
Kiir siiresi (giin)

Sekil 4. MA ikamesinin CMD 'nin dayanim performansina etkisi

Asit ve siilfat kaynakli uzun kiir siliresinde (>90 giin) ortaya ¢ikan dayanmim diislisii bulgular
degerlendirildiginde, kontrol numunelerinde %15,92 oraninda dayanim kaybi olusurken, MA ikameli CMD
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numunelerinde %6,75-11,33 arasinda kayip meydana gelmistir. Dayanmim kaybi1 konusunda en direngli
numune; Kontrol CMD’ye kiyasla daha yiiksek dayanim performansi gosteren %15 MA (%6,75) kodlu CMD
numuneleri olmustur (Sekil 4). Bunlara ek olarak, dayanim/duraylilik hususunda limit basing dayanimi (>1,0
MPa) (Yumlu, 2001) degerinin biitiin CMD numuneleri tarafindan saglandig1 saptanmustir.

3.2. pH ve Siilfat Bulgulan

%8,5 PC dozajinda iiretilen CMD (Kontrol ve %5-10-15 MA ikameli) numunelerinin 7, 28, 90, 180 ve 360
giin sonunda yapilan pH ve siilfat 6l¢lim sonuglart sirastyla Sekil 5 ve 6’da sunulmustur.

Kisa donemde (7 ve 28 giin) biitiin CMD numunelerinin pH degerlerinin bazik tarafta (>12,0) kaldigi
belirlenmistir. Bu durum, ¢imentonun hidratasyonu siirecinde kalsiyum hidroksit minerallerinin iiretilerek
ortamin bazik pH’da tutulmasiyla iliskilendirilebilir (Cihangir vd., 2015; Yilmaz vd., 2018). 28-90 giin
araliginda ise tiim numunelerden fitre edilerek elde edilen sularda pH’nin 7,25’lere kadar hizli bir sekilde
diistiigii gézlemlenmistir. Bu hizli diisiis kontrol numunelerinde devam ederek 360 giin sonunda pH nétral
seviyenin altinda (6,42) seyretmistir. MA ikameli (%5-10-15) CMD numunelerinde ise asit olusumu 90
gilinden sonra yavaglasa da 180 giine kadar devam etmis, ardindan 360 giine dogru azalma egilimi gostermistir
(Sekil 5a). Tim numunelerde meydana gelen asit olusumu, CMD’nin baskin bileseni olan S-MA’da
oksidasyon kaynakli olarak pirit minerallerinin H" iyonu iiretmesine baglanabilir (Y1lmaz, 2019). CMD
bilinyesinde MA ikame miktarinin artmasi, CMD numunelerinin asit {iretimini yavaglatmis ve 360 giin sonunda
ozellikle %15 MA ikameli CMD’de Kontrol’e kiyasla oldukca yiiksek pH degeri (8,79>6,42) dl¢iilmiistiir
(Sekil 5a). MA’nin asit tiretimine kars1 gosterdigi direng, asit notrlestirme karakteristigi bulunan mermerdeki
kalsit mineralinin ¢dziinmesine ve bdylece ortama OH™ iyonu salinimina baglanabilir (Fernandez-Caliani &
Barba-Brioso, 2010; Ercikdi vd., 2015).

—o— Kontrol —o— %5 MA —o— Kontrol —o— %5 MA
—8— %10 MA___ —&—2%15 MA e —8—%I10 MA___ —4—%]15 MA
14,0 1 £ 60000 1
13,09 = 50000
12,0 E E
11,0 £ 40000 7
= 10,0 3 %y ]
] 0000
90 2
8,0 7 & 20000
E . | = ]
70 ; [(a) ? 10000 1
6,0 E | »
5,0- T T T T T T T T T 0 LUNN IR R I I NN BN N N RN I I B L BN B NN L R B B B )
7 28 90 180 360 0 60 120 180 240 300 360

Kiir stiresi (giin) Kiir stiresi (giin)
Sekil 5. MA ikamesinin CMD 'nin pH (a) ve siilfat (b) olusumuna etkisi

Sekil 5b’de gosterilmekte olan siilfat (SO4*) igerikleri degerlendirildiginde, S-MA biinyesinde var olan
5616 ppm siilfatin ¢cimento hidratasyon bilesenleri tarafindan jips ve etrenjit olarak baglanmasi sonucunda tim
numunelerin 7 giin sonunda siilfat (SO4>) igerikleri sifir "0" ¢ikmgtir. Sonrasinda, dolgu biinyesinde devam
eden hidratasyon siirecinden dolay1 28-90 giin boyunca daha yavas artan siilfat iyonu olusumu 90-360 giin
araliginda tiim numunelerde artarak devam etmistir. Bu durum, oksidasyon sonucu asit ve siilfat olusumuna
sebep olan pirit minerali miktarinin azalmasina baglanabilir (Yilmaz, 2019). Tiim bunlara ek olarak, MA
ikamesinin CMD biinyesinde olusan siilfat iyonu miktarlarini azalttigi ve ikame orami arttikga siilfat
olusumunun azaldig1 tespit edilmistir. Kontrol numunesinde 360 giin sonunda 53790 ppm siilfat olusurken,
ozellikle %15 MA iceren CMD’de Kontrol’e nazaran %46,1 diisiis oramyla 28996 ppm siilfat iyonu
iretilmistir (Sekil 5b).

3.3. Porozite Bulgular:
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%38,5 PC dozajinda {iiretilen Kontrol ve S-MA yerine %5-15 oranlarinda MA ikamesiyle imal edilen CMD
numunelerinin 28 giin sonunda MIP cihaz1 vasitasiyla gerceklestirilen porozite (toplam: 7., ve kademeli)
degisimleri Sekil 6’da gosterilmistir.

CMD numunelerinin 28 giin sonunda yapilan porozite analizlerinden toplam porozite (7.,) degerleri
Kontrol, %5 MA ve %15 MA numuneleri i¢in sirastyla %43,67, %43,41 ve %41,55 olarak dl¢iilmiistiir. MA
ikamesinin numunelerin 7, degerlerinde azalma sagladig1 ve Kontrol numunesi ile kiyaslandiginda %5 ve
%15 MA numunelerinde sirasiyla %0,6 ve %4,9 oranlarinda daha diisiik toplam porozite iiretildigi tespit
edilmistir (Sekil 6a). Kademeli porozite bulgular ise, Kontrol, %5 MA ve %15 MA numuneleri i¢in %5,21,
%S5,51 ve %5,12 olarak belirlenmis ve %15 MA ikameli macun dolgu numunelerinin nispeten daha diigiik
kademeli porozite iirettigi saptanmistir (Sekil 6b). Kontrol CMD numunesi ile karsilastirildiginda, 6zellikle
%15 MA ikamesinin CMD’nin porozite performansina yaptigi olumlu katkinin sebebi olarak S-MA’ya
nazaran daha kiiciik boyutlu tane igeren ve dolayistyla daha biiyilk OYA degeri (Tablo 1) gdsteren MA
tanelerinin S-MA taneleri arasina girerek (filler etkisi) karisimin su ihtiyacini azaltmasi (yani daha diisiik su-
¢imento orani) ve kati i¢erigini yiikseltmesi (Tablo 2) gosterilebilir (Ercikdi vd., 2013; Celik vd., 2014; Yilmaz
ve Ercikdi, 2016; Yilmaz vd, 2017; Yilmaz vd., 2018).

50 —o— Kontrol % 3= Kontrol
—— %5 MA s 1| %S MA
<40 —o— %15 MA 22 1| —=—%15MA
z 24
T 30 n,, = %43,67 S ]
) op —
g A3
QZO =]
—0 A3 4
_<§ M= Y643,41 EINE
=3 S
15 T ]
=10 (a) Mo
N,pp= %4155 L ]
0,001 001 0,1 1 10 100 0,001 0,01

Gozenek gap1 (um) Gozenek ¢ap1 (um)

Sekil 6. MA ikamesinin CMD 'nin 28 giindeki toplam (a) ve kademeli (b) porozite degisimlerine etkisi

4. Sonuclar

Bu ¢aligmada, siilfiirlii maden atig1 (S-MA) igeren ¢imentolu macun dolgu (CMD) karigimlarinda mermer
atigmin (MA) farkli oranlarda (%5, %10 ve %15) ikame edilmesinin uzun dénem dayanim, duraylilik (asit ve
siilfat olusumu) ve porozite performans: iizerindeki etkileri kapsamli olarak aragtirilmistir. Bu amag
dogrultusunda 360 giine kadar kiir edilen numuneler {izerinde basing dayanimi, pH, siilfat olusumu ve 28
glinlik CMD’ler iizerinde porozite analizleri gergeklestirilmistir. Sonuglar, MA kullanimmin CMD
performansini belirgin sekilde iyilestirdigini gostermektedir. MA igeren karisimlarda dayanim gelisimi 180
giine kadar devam etmis ve tiim kiir siirelerinde 6zellikle %15 MA ikameli numunelerde, Kontrol’e kiyasla
hem daha yiiksek dayanim degerleri edinilmis hem de en diisik uzun dénem dayanim kaybi (%6,75)
sergilenerek en iyi performansi ortaya konmustur. CMD biinyesinde artan MA orani ile birlikte daha yiiksek
pH degerleri korunmus ve 360 giin sonunda siilfat i¢eriginde yaklasik %46’ya varan azalma saglanarak MA
ikamesinin asit ve stilfat iiretimini 6nemli 6lgiide sinirlandirdig belirlenmistir. Dahasi, porozite analizlerinden,
ince taneli MA’nin bosluk doldurma etkisi sayesinde su-¢imento oraninda azalma ve kati oraninda artis
saglanarak daha diisiik toplam poroziteli daha yogun bir yap1 olusumuna katki saglandigi gézlemlenmistir.

Sonug olarak, CMD karisimlari igerisinde uygun miktarda mermer atig1 (%15 MA) ikamesinin CMD’nin

dayanim, duraylilik ve mikroyap1 performansin artiran etkili ve siirdiiriilebilir bir katki malzemesi oldugu
ortaya konmustur.
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Ozet

Bu aragtirma, siilflirlii maden atiklarindan (S-MA) {iretilen ¢imentolu macun dolgunun (CMD), maden kapatma
sonras1 yeralti sulariyla dolmasi senaryosundaki uzun vadeli jeokimyasal davramsini degerlendirmeyi
amaclamaktadir. Bu kapsamda, sadece S-MA kullanilarak kontrol numuneleri ve S-MA yerine agirlik¢a %10
oraninda mermer atig1 (MA) kullanilarak %8,5 baglayici oraninda CMD numuneleri iiretilmistir. Numunelere
30-360 giin boyunca dinamik tank li¢i testi uygulanmig ve filtrasyon sonucu edinilen sular asit (pH), siilfat ve
elektrik iletkenligi (EC) testlerine tabi tutulmustur. Ayrica, mikroyapr 6zelliklerinin CMD’nin jeokimyasal
davranigina etkisi porozite (MIP) testleri ile incelenmistir. Bulgular, kontrol numunesinin 30-180 giin
arasindaki li¢ siiresi boyunca pH degerinin yiikseldigini, ardindan 7,36’ya kadar diistiiglinii géstermistir. Buna
karsin, %10 MA ikameli (I0MA kodlu) CMD numunesinin pH degerinin 30-360 giin boyunca istikrarli bir
sekilde 8,35’e kadar arttig1 belirlenmistir. Ayrica, IOMA genel olarak tiim li¢ siirelerinde Kontrol’e kiyasla
daha diisiik iletkenlik gdstermistir. %10 MA ikamesi siilfat konsantrasyonunu %22,7’ye kadar azaltmistir.
CMD mikroyapisinin etkisi degerlendirildiginde, %10 MA ikamesinin poroziteyi (toplam/kademeli) azaltarak
daha kompakt bir dolgu matriksi olusturdugu ve bu sayede CMD’nin ge¢irgenligini azalttig1 ortaya ¢ikmistir.
Sonug olarak, CMD karisimlarinda mermer atig1 kullanilarak hem CMD’nin S-MA’dan kaynaklanan kirlilik
sizintist engellenmis ve/veya azaltilmig olur hem de MA’nin ¢evreye duyarl sekilde depolanmasi saglanabilir.

Anahtar Kelimeler; Macun dolgu, Siilfiirlii maden atigi, Mermer atig1, Jeokimyasal davranig, Tank ligi testi.

Effect of the utilization of Marble Waste in Paste Backfill Technology on Geochemical
Behavior: Tank Leaching Test

Abstract

This study aims to evaluate the long-term geochemical behavior of cemented paste backfill (CPB) produced
from sulfide mine tailings (S-MA) under a post-closure scenario in which underground workings become
flooded with groundwater. Within this scope, control specimens were prepared using only S-MA, while CPB
samples (CPBs) were produced by replacing 10 wt.% of S-MA with marble waste (MW) at 8.5% binder content.
The CPBs were subjected to dynamic tank leaching (DTL) tests over 30-360 days, and the leachates obtained
after filtration were analyzed for pH, sulfate, and electrical conductivity (EC). Furthermore, MIP-based
porosity analysis assessed microstructural influences on CPB geochemistry. The findings indicated that the
PH of the control increased during the leaching period between 30-180 days, followed by a decrease to 7.36.
In contrast, the pH of CPB substituting 10% MA (10MA) steadily increased, reaching 8.35 throughout the 30—
360 day. Besides, 10MA generally demonstrated lower EC than the control at all leaching periods. The
substitution of 10% MW lowered the sulfate concentration of up to 22.7%. Microstructural analysis revealed
that the incorporation of 10% MW reduced both total and incremental porosity, leading to the formation of a
more compact backfill matrix and, consequently, lower permeability. Overall, the use of marble waste in CPB
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mixtures not only mitigates and/or prevents contaminant leaching associated with S-MA, but also enables the
environmentally responsible management of marble waste.

Keywords; Paste backfill, Sulphidic mine tailings, Marble waste, Geochemical behaviour, Tank leaching test.

1. Giris

Cu, Pb ve Zn vb. kiymetli metaller iceren metalik cevherlerin ince 6gilitme gerektiren yontemler (flotasyon,
vb.) vasitasiyla zenginlestirilerek ekonomiye kazandirilmasi sathasinda tane boyutu gogunlukla <100 um olan
biiylik hacimli stlfiirlii maden atiklar1 (S-MA) ortaya c¢ikmaktadir (Yilmaz vd., 2020). Cevresel anlamda
problem olusturma potansiyeli tasiyan bu atiklarin, kompozit bir miithendislik karigimi olan ¢imentolu macun
dolgu (CMD) teknolojisi kullanilarak yeraltinda emniyetli bir bigimde depolanabilecegi ifade edilmistir (European
Commission, 2018; Li ve Fall, 2018; Yilmaz vd., 2018). Bu karigim; filtrasyon islemi uygulanan tesis atig1
(%75-85), dayanim kazanmasi i¢in kullanilan ¢imento (%2-9) ve macun dolgu tesisinden yeraltinda cevheri
almmus tiretim odalarina rahatlikla gonderilebilmesi i¢in gereken sudan (%15-25) olugsmaktadir (Yilmaz vd.,
2018). Hem atik yonetimi agisindan etkin bir ¢6ziim sunan hem de madencilik faaliyetlerinin uzun vadeli ve
stirdiiriilebilir gelisimine katkida bulunan bu yontem; derin seviyelerde olusan zemin basincinin kontrol altina
alinmasindan (Li vd., 2024) kaya tabakalarinin stabilizasyonuna (Keskin vd., 2024), yiizey deformasyonlarinin
azaltilmasindan (Guo vd., 2024) atik depolama alanlarinin kapladig1 genis arazilerin sinirlandirilmasina (Hou
vd., 2024) kadar c¢esitli ¢oziimler sunmaktadir (He vd., 2025).

Madencilik operasyonlart siiresince ylizey ve yeralti kaynaklarindan gelen, cesitli kirleticiler igerebilen
sular yeralt1 madeninin taban kisminda toplanarak buradan dis ortama tahliye edilmektedir. Bundan dolay1
yeralti su seviyesi (YSS) yillarca (maden kapanma sonrasina kadar) cevheri alinmis {iretim odalarina
yerlestirilen CMD kiitlesinin altinda seyredebilir (Yilmaz vd., 2021). Boylelikle atmosferik kosullara (hava ve
nem) sahip olan ve biinyesinde siilfiirlii mineraller (pirit vb.) barindiran CMD kiitlesi oksidasyona elverisli
davranarak yiiksek konsantrasyonda asit iiretimi ve agir metal salinimi sergileyebilir. Cevher iiretiminin
ardindan gerceklestirilen CMD uygulamasini takiben 6zellikle uzun dénemde (>28 giin) CMD kiitlesinde
meydana gelen kirletici karakterli oksidasyon bilesenleri, yeralti madenindeki {iretim faaliyetlerinin sona
ermesinde sonra YSS’nin yiikselerek CMD Kkiitlesinin iizerinde bir seviyeye ulagmasiyla birlikte yeraltt
suyunun kirlenmesine sebep olabilir (Hamberg vd., 2018; Bull ve Fall 2020; Yang vd., 2020; Yilmaz ve
Ercikdi, 2022).

CMD’nin uygulamada yaygin bir bigimde kullanilmasiyla birlikte giiniimiize kadar ¢ogunlukla en kotii
senaryo olan CMD’nin biitiinliigiinii (durayliligini) kaybetmesi sonucu ortaya ¢ikmasi muhtemel asit-siilfat
olusumunu arastiran ¢alismalar yliriitiilmistiir (Cihangir vd., 2012; Ercikdi vd., 2013; Yilmaz vd., 2020; Kasap
vd., 2022). Fakat, yeraltinda cevheri alinmis liretim odalarina yerlestirilen CMD kiitlesinin biitlinciil (yekpare)
halde ortaya koyacagi davranis basing dayanimi kadar veya daha da onemli bir diger kalite gostergesidir.
Bundan dolay1r CMD’nin g¢evresel davranisinin arastirilmasinda biitiin (yekpare) CMD numunelerinden
faydalanilmasinin daha dogru bir yaklagim oldugu bildirilmistir (Jiao vd., 2011). Bundan dolay1, YSS’nin
CMD Kkiitlesinin iizerine yiikselmesiyle ortaya ¢ikan durumda biitiinliigiinii koruyan (monolitik) CMD’nin
cevresel anlamda nasil davranig gostereceginin laboratuvar kosullarinda dinamik tank li¢i (DTL) testi
vasitasiyla irdelenmesine yonelik bazi ¢caligmalar yapilmistir (Coussy vd., 2011; Jiao vd., 2011; Hamberg vd.,
2015; Schafer, 2016; Hamberg vd., 2017; Seipel vd., 2017; Yilmaz vd., 2018; Yilmaz vd., 2021; Yilmaz ve
Ercikdi, 2022). Biinyesinde arsenik (As) bulunan atiklarla iiretilen CMD numuneleri iizerinde 64 giinliik DTL
testi uygulayarak As salinimini arastiran yazarlar, testlerde edinilen sularin 10,4’{in lizerinde pH gosterdigini
ve bu pH degerlerinin As salinim hizint arttirdigini rapor etmislerdir (Coussy vd., 2011). Kiip sekilli CMD
numuneleri imal ederek saf su icerisinde 75 giine kadar bekleten ve belirli periyotlarda kadmiyum (Cd), arsenik
(As), cinko (Zn) ve kursun (Pb) gibi agir metallerin suya salinma degisimlerini inceleyen Jiao vd. (2011) yeralt1
suyu kalitesi hususunda agir metal salimim degerlerinin tehlike arz etmedigini bildirmislerdir. Baska bir
aragtirmada, siyaniir igeren tesis atig1 ve bu atik ile tiretilen CMD numunelerinin gevresel performanst DTL
testleri yapilarak incelenmistir. Arastirma bulgulari, CMD numunelerinin atik malzemeye nazaran daha
yiiksek pH degerleri (7,9-10,4>3,9-6,0) sergilediklerini ve siilfiir salinimmnin diislis gosterdigini ortaya
cikarmistir (Hamberg vd., 2015). Ayrica, yazarlarin daha sonraki yillarda diisitk dayanimli CMD’nin ¢evresel
davranis1 lizerine gerceklestirdikleri galigmalarda CMD Kkiitlesinde olugsmasi muhtemel oksidasyonun ve
boylece ortaya cikabilecek kirleticilerin engellenmesi ve/veya sinirlandirilmasi i¢in YSS’nin kisa stirede CMD
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kiitlesinin tizerine ¢ikmasi gerektigi vurgulanmistir (Hamberg vd., 2017; Hamberg vd., 2018). Ge¢miste siilfiir
igerigi diisiik (S*< %2,0) atik malzemelerden imal edilen CMD numuneleri iizerinde kisa siireli (<75 giin)
DTL testleri uygulanarak yiiriitilen aragtirmalarin aksine, S*= %16 olan atik malzeme yerine farkli
endiistriyel atik iirlinler (ciiruf, ugucu kiil, bina atig1, kiregtasi) ikame edilerek iiretilen CMD’lerin 30-360
giinliik DTL testleri sonucunda atik iiriin igeren CMD numunelerinin daha alkali seviyelerde kaldigi, siilfat
olusumunu sinirlandirdigi ve mikroyapi performansindaki gelisime paralel olarak agir metallerin sizint1 suyuna
gecisinin engellendigi/kisitlandigi rapor edilmistir (Yilmaz vd., 2021; Yilmaz ve Ercikdi, 2022; Yilmaz ve
Ercikdi, 2022).

Bu deneysel ¢alismada, yaklasik %16 S* igeren siilfiirlii maden atig1 (S-MA) yerine ikame olarak mermerin
blok iiretimi ve islenmesi siiregleri sirasinda ortaya ¢ikan mermer atiginin (MA) %10 oraninda kullaniminin
CMD’nin jeokimyasal performansina etkisi arastirilmistir. Bu ¢ercevede, %8,5 baglayici dozajinda tamamen
S-MA kullanilarak (Kontrol) ve S-MA yerine %10 oraninda MA ikame edilerek (%10 MA) CMD numuneleri
imal edilmistir. Bu numuneler 180 giin boyunca kiirlendikten sonra numuneler {izerinde 6 farkli lig siiresi (30-
60-90-180-270-360 giin) boyunca dinamik tank ligi (DTL) testi uygulanmigtir. Her li¢ siiresi sonunda
filtrasyon ile elde edilen sularin asit (pH), elektrik iletkenligi (EC) ve siilfat (SO4*) dlgiimleri yapilmistir.
Dahasi, mikroyap1 ozelliklerinin CMD’nin jeokimyasal davramigina etkisi porozite (MIP) testleri ile
incelenmistir.

2. Deneysel Calismalar
2.1. CMD Bilesenleri

CMD iiretiminde baskin bilesen olarak yer alan siilfiirli maden atig1 (S-MA) Kastamonu-Kiire’deki
Etibakir Isletmesi’nden, Portland ¢imentosu ise (PC: CEM 1 42,5R) calisma gerceklestirildigi yillarda
Trabzon’da faaliyet gosteren Askale Cimento Fabrikasi’ndan temin edilmistir. CMD karisimlarinda atik
malzemeye ikame edilen mermer atig1 (MA) Giimiishane’deki mermer ocaklarindan getirilmistir. Ocaktan
getirilmis hali olduk¢a biiyiikk boyutlu olan MA’nin S-MA ile benzer tane boyutu goéstermesi adina MA
iizerinde sirasiyla balyoz (Sekil 1a), ¢eneli kiric1 (Sekil 1b) ve bilyeli degirmen (Sekil 1c) yardimiyla boyut
kiigiiltme iglemleri yiiriitiilm{ustiir.

NS s

Sekil 1. MA 'nin karma-6giitme sonrasi gortiniimii: balyoz (a), ¢eneli kirict (b) ve bilyeli degirmen (c)

Fiziksel karakterizasyon testleri kapsaminda, CMD’yi olusturan bilesenler {izerinde 6zgiil agirhk (OA=
piknometre), tane boyutu dagilimi (TBD= Malvern-Master Sizer 2000) ve dzgiil yiizey alan1 (OYA= AS-TEK
blaine cihazi) analizleri yiiriitiilmiistiir. Malzemelerin TBD sonuglar1 Sekil 2°de verilmis olup, S-MA’nin ince
boyutlu (-20 um) tane icerigi %48,4 olarak Slciilmiistiir. Ayrica S-MA, PC ve MA’nin Dy tane boyutlariin
sirastyla 68,5 um, 49,9 um ve 51,0 um oldugu tespit edilmistir (Sekil 2). OA bulgulari, bilesenler (S-MA, PC
ve MA) igin sirastyla 3,37, 3,12 ve 2,70 g/cm? olarak 6lgiilmiis iken, yapilan dlgiimler sonucunda blaine cihazi
4440, 4330 ve 4670 cm*/g’lik OYA degerleri gdstermistir.

CMD bilesenlerinin kimyasal bilesimlerinin analiz edilmesinde ICP AES’ten yararlanilirken, mineralojik
karakterizasyonu i¢in XRD cihazi kullanilmistir. Yiriitilen analizler dogrultusunda, S-MA’nin igeriginde
baskin olarak demirli, silisli ve aliiminli mineral fazlarinin (Fe,03=33,09, SiO,= %31,89 ve Al,O3= 8,97) yer
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aldig1, bununla birlikte pirit (FeS,) igeriginin ve dolayisiyla siilfiir (S**) miktarinin sirasiyla %29,66 ve ~%16
oldugu saptanmistir. Baglayic1 (PC) ve MA’ya bakildiginda ise bilesenlerin yarisindan fazlasinin (sirasiyla
%62,91 ve %55,74) kalsiyum oksit (CaO) igerdigi raporlanmistir. Tiim bunlara ek olarak, S-MA mineralojik
olarak pirit, albit, kuvars, kalsit ve klorit igerirken, MA’da kalsit (CaCO3) minerali bulunmaktadir.
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Sekil 2. CMD bilesenlerinin TBD olciim sonucu
2.2. Asit-baz hesaplama (A-BH) testi

Sobek vd. (1978) tarafindan gelistirilen metot uyarinca yiiriitiilen bu test kapsaminda S-MA ve MA’nin ilk
olarak figirdama kategorileri ve ardindan asit ve notrlestirme potansiyelleri (sirasiyla AP ve NP)
hesaplanmigtir. Daha sonra, bu testlerin Yilmaz (2019) ve Yilmaz vd. (2021)’nin ¢alismalarinda oldukca
detayli bir bicimde aciklandigi {izere, malzemelerin sirasiyla nétrlestirme (NP) ve net notrlestirme
potansiyellerinin (NNP) tespiti igin asit-baz titrasyon testi gerceklestirilmistir. Ilgili bulgularin
hesaplanmasinda asagida sunulan esitliklerden faydalanilmig ve testlere ait sonuglar Tablo 1’de gdsterilmistir.
Esitliklerde verilen A, ve B,: asit ve bazin normalitesi (N), A ve By: asit ve bazin hacmi (ml) iken, a: numune
agirlig (g)’dir.

(1) AP=31,25 x S* (2) NP= ((An X An)-(Bn x By))/a (3) NNP= NP - AP

Tablo 1. Bilesenlerin A-BH testi sonuclari

Ozellikler S-MA MA Ozellikler ~ S-MA  MA
S* igerigi(%) ~%l6 - Asit hacmi (ml) 20 80
CaO igerigi (%) 3,48 55,774  AP* 4944 0
Fisirdama sinifi Yok  Sert NP* 8,6 9878
Asit normalitesi (N) 0,1 0,5 NNP* -485,8 987,8

*: kg CaCOs/ton atik

2.2. CMD Uretim Siireci

Tablo 2’de sunulan CMD numunelerinin {iretimi sirasinda faydalanilan karisim tasarim parametreleri
uyarinca macun dolgu numuneleri i¢in hazirlanan karisimlarda baglayici dozaji %8,5 olarak belirlenirken,
slamp konisi kullanilarak gerceklestirilen akigkanlik testleri sonucunda karisimlarin 19,05 cm’lik akigkanlik
(slamp) degerine gore imal edilmesi kararlastirilmistir. Kontrol numunelerinin yalnizca S-MA (%100)
kullanilarak imal edildigi CMD karisimlarinda, %10 MA ikameli (10MA kodlu) numuneler; ayni ¢imento
dozajinda karigimin %90 oraninda S-MA ve %10 oraninda mermer atig1 (MA) icermesiyle {iretilmistir.

Tablo 2’de belirtilen sartlarda iiretilmesi planlanan numuneler icin CMD bilesenleri laboratuvar tipi bir
karigtiricidan (hacim= 20,8 It ve karistirma hizi= 105 devir/dk) faydalanilarak 7 dk titiz bir bigimde
karigtirllmistir (Sekil 3a). Homojen hale getirilen karigimlar alt bolgesinde drenaj delikleri bulunan silindirik
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(5x10 cm) kaliplara 2 asamada (1: alt yar1 seviye ve 2: iist yar1 seviye) doldurularak sikilama islemine tabi
tutulmus, ardindan numunelerin biinyelerindeki fazla suyun uzaklastirilmasi amaciyla 1 giin drenaj
tablalarinda bekletilmistir (Sekil 3b). Son olarak, kiir kosullarinin (sicaklik= 20°C ve nem= %385) saglanmast
i¢cin 180 giine kadar kiir dolabinda saklanmistir (Sekil 3c¢).

Tablo 2. Cizelge 3. CMD numunelerine ait karisim tasarim parametreleri

Numune Kodu ikame oran1 (%) Baglayici oram (%) Kati oran1 (%) Su/cimento oran1  Slamp (cm)
Kontrol 0 85 73,70 4,20 19.05
10MA 10 ’ 74,33 4,06 ’

Sekil 3. CMD karistiricisi (a), drenaj (b) ve kiir islemi (c)
2.3. Dinamik tank lici (DTL) testi

Kiir igslemi tamamlanan 2 farkli karisim tipinde (Kontrol ve 10MA) imal edilen CMD numuneleri
kaliplarindan ¢ikarilmis, numunelerin yiizeylerinde diizeltme islemi gerceklestirilerek alt-list ylizeylerinin
paralelligi saglanmis ve kumpas kullanilarak boylari (h) 6l¢iilmistiir. Yilmaz vd. (2021)’nin ¢alismasinda tiim
detaylar1 bulunan DTL testleri; ASTM ve US-EPA tarafindan uygulanmasi tavsiye edilen standartlar (ASTM
C1308-08, 2009; US-EPA 1315, 2013) uyarinca her kap icerisinde 1’er tane (Sekil 4a) ve karisim tipinden
bagimsiz olarak 3’er tane numune kullanilmak suretiyle 6 farkli li¢ siiresinde (30-60-90-180-270-360 giin)
ylritilmistir. Kaplarin agz1 kapali olarak gerceklestirilen testlerde her li¢ siiresi tamamlandiginda su
numuneleri alinarak fitre edilmis (0,45 pm’lik vakum filtre) ve numuneler yeni kaplara yerlestirilerek
iizerlerine taze saf su doldurulmustur. Filtrasyon ile edinilen su numuneleri {izerinde sirastyla pH (Sekil 4b),
elektrik iletkenligi (EC) (Sekil 4c) ve siilfat (SO4*) (Sekil 4d) analizleri uygulanmigtir.
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5 » Plastik
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Sekil 4. Sematik olarak DTL testi (a) (Yilmaz ve Ercikdi, 2022), pH (b), EC (c) ve SO/ (c) analizleri

2.4. Porozite (MIP) Testi

CMD’nin mikroyapisinda (porozite, vb.) meydana gelen degisimlerin DTL testinden yararlanilarak
incelenen ¢evresel parametrelere etkisinin irdelenebilmesi i¢in numunenin biitiinliigline herhangi bir zarar
verilmeyen 180 giinliik Kontrol ve 10MA kodlu macun dolgu numuneleri MIP (Micromeritics Autopore IV
9410) cihaz1 vasitasiyla porozite testlerine tabi tutulmustur. ASTM D 4404-18 (2018) standard1 ¢ergevesinde
gergeklestirilen testler oncesinde numunelere; hem hidratasyon siireclerinin sona erdirilmesi hem de tam olarak
kurumalar igin etiivde (siire= 60 saat, sicaklik= 50°C) kurutma islemi uygulanmigtir.
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3. Bulgular ve Tartisma
3.1. pH Bulgulan

Sekil 5a, 6 farkli li¢ siiresi (30-60-90-180-270-360 giin) boyunca DTL testi uygulanan Kontrol ve 10MA
kodlu CMD numunelerinden elde edilen su numunelerinin pH degisimlerini géstermektedir. 30 giinliik li¢
stiresi sonunda 6,95 ve 7,03 seviyelerinde pH degerleri 6l¢iillen CMD’lerin sonraki lig siireleri (60-360 giin)
boyunca alkali seviyelerde seyrettigi gozlemlenmistir. 30-180 giinliik li¢ siireleri sonunda Kontrol ve 10MA
numunelerinin bulundugu kaplardan alinan ve filtre edilen su 6rneklerinin alkalilik derecesi yiikselme egilimi
gostermesiyle birlikte numunelerin pH seviyelerinin birbirine ¢ok yakin (Kontrol=7,03-7,62 ve 10MA= 6,95-
7,82) oldugu tespit edilmistir. Oysaki sonraki li¢ siireleri (270 ve 360 giin) boyunca Kontrol ¢CMD
numunelerinin pH degerlerinde diislis trendi gozlemlenirken, S-MA yerine %10 MA ikame edilen CMD
numunelerinde pH artis1 8,35’¢ kadar devam etmistir. 360 giin sonunda ortaya ¢ikan pH bulgular
kiyaslandiginda, %10 MA ikameli CMD numunelerinden alman su numunelerinin Kontrol numunesine
nazaran %13,5 daha yiiksek pH degerine sahip oldugu belirlenmistir (Sekil 5a). Bu faydali etki, S-MA’ya
nazaran MA’nin daha kii¢iik boyutlu (Dso= 51,0 um<68,5 um) tanelerden olugsmasi (Sekil 2) ve boylece yiizey
alamnin daha yiiksek olmasi (4670 cm?/g>4440 cm?/g) ve kayda deger bicimde daha yiiksek notrlestirme
potansiyeli (NNP= 987,8 kg CaCOs/ton atik >-485,8 kg CaCOs/ton atik) (Tablo 1) tagimasi ile agiklanabilir.
Bu bulgularla uyumlu olarak, CMD igerisinde kullanilan bilesenin (MA) nétrlestirme kabiliyetinin yiizey
alanindaki biiylime ile arttig1 bildirilmistir (Potgieter-Vermaak vd., 2006). Dahasi, 6nceki arastirmacilarin
ortaya koydugu bulgular ile paralellik gosterdigi tizere (Jones ve Cetin, 2017), mermer atiginin icerdigi kalsit
(CaCO3) mineralinin ¢oziinmesi 10MA kodlu numunenin DTL testi vasitasiyla edinilen su orneklerinin
baziklik derecesini yiikselttigi sdylenebilir (Yilmaz ve Er¢ikdi, 2022).
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Sekil 5. DTL testi uygulanan CMD numunelerinin pH (a) ve EC (b) bulgular
3.2. Elektrik fletkenligi (EC) Bulgular

Kontrol ve 10MA kodlu CMD numunelerinin 30-360 giinliik li¢ stireleri boyunca DTL testine tabi tutulmasi
sonucunda elde edilen su drnekleri iizerinde yiiriitiilen elektrik iletkenligi (EC) testi bulgular1 Sekil 5b’de
sunulmustur. CMD’lere ait su numunelerinin EC degerlerinin 30-360 giin araliginda genel olarak diisiis
egiliminde olmasiyla birlikte li¢ siiresi ve karisim tipinden bagimsiz olarak EC degerlerinin 404-685 uS/cm
arasinda degistigi goriilmektedir (Sekil 5b). EC degerlerindeki azalma, onceki arastirmacilarin bulgulariyla
tutarl olarak (Hakkou et al. 2009; Taha et al. 2019), pH degerindeki artisla baglantili olarak suda ¢oziinen
iyonlarin (6rnegin Ca**, Mg*" ve SO4*) salimmindaki azalmaya baglanabilir; zira bu iyonlarin iletkenligin
gelisimini 6nemli Olgiide etkilemesi beklenmektedir. MA ikamesinin EC degisimi {izerindeki etkisine
bakildiginda, tiim li¢ siirelerinde Kontrol’e kiyasla daha diisiik iletkenlik degerleri olciilmiistiir. Soyle ki;
Kontrol numunelerinden elde edilen su numunelerinde 484-685 uS/cm araliginda EC degerleri olciiliirken,
10MA numunelerinde Slgiilen iletkenlik degerlerinin Kontrol ile karsilastirildiginda %16,20’ye kadar daha
diisiik olan 404-641 puS/cm seviyesindedir (Sekil 5b). Bunlara ek olarak, diinya saglik orgiitii tarafindan yeralti
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sular1 icin tavsiye edilen izin verilebilir iletkenlik degerinin 1400 uS/cm oldugu g6z Oniinde
bulunduruldugunda (WHO, 2011), bu ¢aligmada kaydedilen EC degerlerinin limit degerin olduk¢a altinda
kaldig1 agikca goriilmektedir (Annapoorna ve Janardhana, 2015).

3.3. Siilfat (SO4*) Bulgular:

Sekil 6’da 30-360 giinliikk DTL testleri akabinde fitre edilen su numuneleri iizerinde gergeklestirilen siilfat
analizleri sonucunda normal (a) ve kiimiilatif (b) siilfat (SO4*) bulgular1 verilmistir. CMD’nin baskin bileseni
olan S-MA biinyesinde yer alan piritin okside olmasi kaynakli birincil iiriin olarak iiretilen siilfat (SO4*)
degerleri incelendiginde, karigim tipinden bagimsiz olarak 30-360 giinliik li¢ siireleri boyunca su 6rneklerine
salman siilfat iceriklerinin 58,64-96,33 g/m? seviyesinde oldugu tespit edilmistir. Sekil 5a’da verilmis olan pH
degerleri ile genel olarak uyum igerisinde oldugu gdzlemlenen SO4* bulgular1 dikkate alindiginda, yiikselen
alkalilik ile SO4* salmiminin azaldig1 gézlemlenmistir (Sekil 6a). Kontrol numunelerinden suya gegen siilfat
iyonu miktarlart ile karsilagtirilacak olursa, li¢ sliresinden bagimsiz olarak 10MA kodlu numunelerden salinan
stilfat miktarinin %22,7 oraninda daha diisiik oldugu ortaya konmustur. Ayrica, Sekil 6b’de sergilenmekte olan
kiimtilatif siilfat degerleri incelendiginde, 90 giine kadar numunelerden suya salinan siilfat miktarlarmin
birbirine ¢ok yakin seyrettigi, buna karsin, ilerleyen li¢ siireleri boyunca siilfat miktarlar1 arasindaki farkin
giderek acildig1 goriilmektedir. Soyle ki; DTL testleri tamamlandiginda kontrolden 485,65 g/m? siilfat iyonu
salimu gergeklesirken, ayni siire sonunda 10MA numunesinden %11,8 oraninda daha diisiik (428,36 g/m?)
salinim gergeklesmistir (Sekil 6b). 10MA numunesinde meydana gelen nispeten daha diisiik SO4* salimimu,
mermer atif1 biinyesinde bulunan kalsit mineralinin ¢oziinmesi ile ortaya ¢ikan Ca®" iyonlar ile pirit
oksidasyonunun ortaya ¢ikardig siilfat iyonlarinin jips minerali seklinde baglanmasiyla agiklanabilir. Sonraki
boliimde detayl bir sekilde agiklanacagi iizere, %10 MA ikamesinin CMD numunesinin toplam ve kademeli
porozitelerini azaltmast (Sekil 7), numunenin gegirgenliginin kisitlanarak oksidatif mekanizmalar
yavaslatmasimi ve bdylece siilfat (SO4*) salimmmnin Kontrole kiyasla daha diisiik seviyede kalmasini
desteklemektedir (Sekil 6) (Mangane vd., 2018; Yilmaz vd., 2018).
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Sekil 6. DTL testi uygulanan CMD numunelerinin normal (a) ve kiimiilatif (b) siilfat (SO) bulgular
3.3. Porozite (MIP) Bulgulan

DTL testi uygulanan CMD numunelerinin (Kontrol ve 10MA) 180 giin sonunda gergeklestirilen MIP testi
sonucunda elde edilen toplam (a) ve kademeli (b) porozite bulgular1 Sekil 7°de sergilenmektedir. Numunelerin
toplam porozite (1:,) degerlerinin Kontrol ve 10MA i¢in sirasiyla %42,72 ve %41,64 oldugu belirlenmistir.
MA ikamesinin CMD’nin mikroyap1 performansini nispeten olumlu etkiledigi Sekil 7a’dan goriilmektedir.
Soyle ki; CMD karisimina %10 oraninda MA ikame edilmesiyle birlikte 7, degerinin %2,5 oraninda azaldig1
hesaplanmigtir. Toplam porozitedeki bu azalma, S-MA taneleri ile karsilastirildiginda, MA tanelerinin daha
ince yapida olmasi (Sekil 2) ve bdylelikle MA’ nin daha biiyiik yiizey alani (4670>4440 cm?/g) gostermesi
sonucunda bosluk doldurucu karakter sergileyerek daha az gdzenek igeren daha kompakt bir CMD yapisi
olusturulmasi ile baglantilandirilabilir. Bu durum, 10MA numunesinin Kontrole nazaran daha diisiik su-
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¢imento oranina (4,06<4,20) ve daha yiiksek kat1 oranina (74,33>73,70) sahip olmasi ile dogrulanmaktadir
(Tablo 2) (Ercikdi vd., 2013; Celik vd., 2014; Yilmaz vd., 2018). Sekil 7b’de sunulmus olan kademeli porozite
bulgular1 degerlendirildiginde, 10MA’nin kademeli porozite sonuglarinin toplam porozite sonuglari ile uyum
gosterdigi anlagilmaktadir. En yiliksek boyutlu gozeneklerin toplam porozite i¢indeki payma bakildiginda,
Kontrol numunesinin %4,41’ini kapsadigi, buna karsin, MA ikamesiyle bu oranin %3,88’e geriledigi
gozlemlenmistir. Dahasi, MA iceren CMD numunesinde gozenek caplarinin kiigtildiigii Sekil 7b’den acgikca
goriilmektedir.
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Sekil 7. DTL testi uygulanan CMD numunelerinin 180 giindeki toplam (a) ve kademeli (b) porozite bulgular

4. Sonuclar

Bu laboratuvar arastirmasi, CMD’nin uzun doénem c¢evresel performansinin degerlendirilmesi amaciyla
%8,5 ¢imento dozajinda imal edilen ve 180 giin boyunca kiirlenen CMD numunelerine (Kontrol ve 10MA)
360 giinliik li¢ siiresine kadar dinamik tank li¢i (DTL) testi uygulanmasi sonucunda filtrasyon islemi
aracilifiyla elde edilen su orneklerinin pH, elektrik iletkenlik (EC) ve siilfat (SO4*) analizlerinin
gergeklestirilmesini igermektedir. Ayrica, ilgili kiir siiresi sonunda numuneler {izerinde MIP cihazi araciligiyla
porozite testleri yiiriitilmiistiir. Sonuglar irdelendiginde, tiim numunelerin alkali pH kosullarinda seyrettigi,
10MA kodlu numunelerin 6zellikle ilerleyen li¢ siirelerinde Kontrol’e nazaran daha yiiksek pH degerleri
gosterdigi tespit edilmistir. Karisim tiirii ve lig siiresine bakilmaksizin 404-685 puS/cm arasinda EC degerlerinin
ol¢iildiigii ve MA ikamesinin EC degerlerini %16,2’ye kadar azalttig1 belirlenmistir. Benzer sekilde, 10MA
kodlu CMD numunelerinde Kontrol’e kiyasla su orneklerine gegen siilfat iyonu miktar1 %22,7’ye kadar
diismiistiir. Porozite bulgularina bakildiginda, Kontrol numunesi 180 giin sonunda %42,72 oraninda toplam
poroziteye sahipken, 10MA kodlu CMD’de bu oran %2,5 azalmayla %41,64 olarak ol¢iilmiistiir. CMD’de
kullanilan %10 MA ikamesinin toplam poroziteyi destekler nitelikte kademeli porozite degerlerini de azalttig1
belirlenmistir. Tiim bu bulgular 1s18inda, CMD bileseni olarak %10 mermer atig1 ikamesinin CMD’nin
cevresel kalitesi iizerinde olumlu katkisinin oldugu sdylenebilir.
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Ozet

Bu bildiri, i¢gme suyu aritinunda alternatif filtre medyasi gelistirmeye yénelik tez ¢alismasinin mevcut
asamasint ve ilgili literatiiriin elestirel sentezini sunmaktadir. Calismada silisli kum referans medyasi ile
farkli fraksiyonlardaki pomza tanelerinden bor baglayicisi kullanilarak sinterlenmis, stratifive tugla
formunda bir filtre medyas: tasarlanmistir. Amag, askida kati madde tutulmasi ile birlikte yiizey ozellikleri
ayarlanabilir, mekanik olarak daha kararli ve yeniden kullanilabilir bir medya gelistirmektir. Literatiir
degerlendirmesi, pomzamn kumla karsilagtirildiginda daha yiiksek i¢ porozite, yiizey piiriizliiliigii ve diisiik
yogunluk sundugunu; modifive pomzamn ise floriir, arsenat, dogal organik madde ve mikroplastik gibi
kirleticilerin gideriminde ek islev kazanabildigini gostermektedir. Buna karsilik gevsek graniiler pomza
sistemlerinde tane segregasyonu, filtre yatagindaki basing diistimiiniin izlenmesi ve rejenerasyon gibi isletme
sorunlart devam etmektedir. Bu nedenle onerilen borla baglanmuis sinterlenmis tasarim, katmanl tane boyu
dagilimini sabitleyen ve uzun donem filtrasyon davramginin ayrintili olarak test edilmesine olanak veren
ozgiin bir yaklasim olarak ele alinmistir. Bildiride, medya karakterizasyon plani ve performans gostergeleri
ortaya konulmus; ayrica literatiirde borla baglanms sinterlenmis pomza esash filtre ortamlarimin igme suyu
arttimindaki uygulanabilirligine iliskin ¢alismalarin surl oldugu vurgulanmigtir.

Anahtar Kelimeler; Adsorpsiyon, filtre medyasi, igme suyu, pomza, sinterleme

Investigation of the Usability of Boron-Bonded Sintered Pumice as an Alternative Filter
Medium in Drinking Water Treatment

Abstract

This paper presents the current stage of an ongoing thesis study aimed at developing an alternative filter
medium for drinking water treatment and provides a critical synthesis of the relevant literature. In the
proposed approach, a stratified brick-type filter medium is designed by combining pumice particles of
different size fractions and sintering them with a boron-based binder, while silica sand is used as the
reference medium. The objective is to develop a mechanically stable, reusable and surface-tunable medium
capable of retaining suspended solids and potentially enhancing ion removal through controlled surface
properties. The reviewed literature indicates that pumice offers higher intraparticle porosity, greater surface
roughness and lower density than conventional sand, while modified pumice can additionally target fluoride,
arsenate, natural organic matter and microplastics. However, loose granular pumice systems still face
operational limitations such as particle segregation, head-loss control and regeneration. Therefore, the
proposed boron-bonded sintered design is discussed as an original approach that stabilizes the layered
particle-size distribution and enables systematic evaluation of long-term filtration behaviour. In the paper,
the media characterization plan and performance indicators were presented; moreover, it was emphasized
that studies on the applicability of boron-bonded sintered pumice-based filter media in drinking water
treatment are limited in the literature.

Keywords; Adsorption, drinking water, filter media, pumice, sintering
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1. Giris

Igme suyu aritiminda filtrasyon, koagiilasyon, ¢oktiirme ve dezenfeksiyon gibi iinitelerle birlikte cok
bariyerli aritma yaklasiminin temel bilesenlerinden biridir. Graniiler filtrasyon yalnizca bulaniklik ve askida
kati madde giderimi i¢in degil, ayn1 zamanda patojen yiikiiniin azaltilmasi ve izleyen dezenfeksiyon
basamaginin etkinlestirilmesi agisindan da kritik 6neme sahiptir. Bu nedenle filtre yataginda kullanilan
medyanin tane boyu dagilimi, sekli, ylizey oOzellikleri, porozitesi ve isletme Omrii dogrudan proses
performansint belirlemektedir (Cescon & Jiang, 2020; Wyczarska-Kokota et al., 2024; Arora et al., 2025).

Konvansiyonel hizli kum filtreleri pratikte yaygin ve giivenilir sistemler olmakla birlikte, kompakt tane
yapis1 ve diisiik i¢ porozite nedeniyle dzellikle yiizey temelli tutunma siireclerinde sinirli bir davranig
sergileyebilmektedir. Ayrica filtre yataginin yaslanmasi, tane yiizeyi lizerinde organik ve inorganik
birikimlerin gelismesi, yatak ici karigma ve bas kaybinin (head loss, pressure drop) artmasi gibi olgular,
medyanin baslangicta tasarlanan hidrolik ve adsorptif ozelliklerinden sapmasina yol agabilmektedir
(Wyczarska-Kokota et al., 2024). Bu nedenle son yillarda, mevcut altyapiya biiyiik yapisal degisiklik
getirmeden daha yiliksek verim veya daha diisiik bas kaybi saglayabilecek alternatif medya arayisi hiz
kazanmigtir (Cescon & Jiang, 2020).

Pomza bu baglamda dikkat ¢ceken dogal malzemelerden biridir. Volkanik kokenli, hafif ve gézenekli
yapisi sayesinde yiiksek i¢ porozite, diizensiz ylizey piiriizliliigi, disiik yogunluk ve kolay islenebilirlik
sunar. Tiirkiye'nin pomza kaynaklar agisindan giiglii bir potansiyele sahip olmasi da bu malzemenin yerli,
ekonomik ve siirdiiriilebilir bir alternatif olarak degerlendirilmesini anlamli kilmaktadir (Aksay Kiling,
Cocen, & Akar, 2016). Nitekim Farizoglu, Nuhoglu, Yildiz ve Keskinler (2003), hizli filtrasyon kosullarinda
pomza yatagimin ayni kosullardaki kuma gore daha yiiksek bulaniklik giderimi ve daha diisiik bas kayb1
saglayabildigini gdstermistir. Benzer bicimde Sahin, Anapali ve Hanay (1998), kum-cakil filtre sistemlerinde
pomza kullanilan diizenlemenin daha diisiik sediment ¢ikis1 ve daha uzun kullanim siiresi saglayabildigini
rapor etmistir.

Pomzanin kullanim alan1 yalnizca fiziksel partikiil tutmaya dayali filtrasyonla smirli degildir. Literatiirde
demir oksit, aliiminyum esasl bilesikler, MgO veya lantan bazli fazlarla modifiye edilen pomzanin dogal
organik madde, floriir, arsenat ve mikroplastik gibi kirleticilerin gideriminde islevsel hale getirilebildigi
gosterilmistir (Kitis et al., 2007; Zhang et al., 2021; Deng et al., 2024). Bu bulgular, pomzanin tasiyici veya
aktif medya olarak yalnizca makro gozenekli bir dolgu malzemesi degil, ayn1 zamanda yiizey kimyasi
ayarlanabilir bir fonksiyonel aritim matrisi olarak da degerlendirilebilecegini ortaya koymaktadir.

Ozellikle son yillarda mikroplastik ve nanoplastik gibi yeni nesil kirleticilerin igme suyu aritma
zincirindeki davranigina iligkin calismalar, medya yiizey piiriizliiligli, bosluk mimarisi, organik madde
kaplanmasi ve yiizey yiikiiniin ayirma performansinda belirleyici oldugunu gdstermistir. Pilot 6lgekli icme
suyu aritma tesisi ¢alismalarinda kum ve aktif karbon filtrasyonunun nanoplastik gideriminde etkili oldugu;
tutunmanin yalnizca eleme ile degil, yilizey piiriizliiliigii, gézenek ici hapsolma ve yiik etkilesimleriyle de
gergeklestigi bildirilmistir (Ramirez Arenas et al., 2022; Pulido-Reyes et al., 2022). Buna ek olarak,
sirdiiriilebilir bicimde modifiye edilmis graniiler medyalarin dogal organik madde, bulaniklik ve
mikroplastik giderimini ayni anda iyilestirebildigi gosterilmistir (Lapointe et al., 2025).

Buna ragmen mevcut ¢alismalarin 6énemli boliimii gevsek graniiler pomza, pomza tozu veya kimyasal
olarak kaplanmig pomza taneleri lizerine yogunlagsmaktadir. Katmanli tane boyu dagilimini koruyan,
mekanik biitiinliigii yiiksek, yeniden kullamim potansiyeli tagiyan ve filtre yataginda segregasyon riskini
azaltan yekpare pomza gdvdelerine iliskin ¢alisma sayist sinirlidir. Bu aragtirma boslugundan hareketle, bu
bildiride bor baglayicisi ile biitlinlestirilmis ve sinterlenmis stratifiye pomza esaslt bir filtre ortami
onerilmektedir. Caligmanin amaci, gelistirilen medyanin tasarim gerekgesini, karakterizasyon yaklagimini ve
performans degerlendirme gergevesini ortaya koymak; ayni zamanda igme suyu aritiminda kum medyasina
alternatif olusturma potansiyelini literatiir temelli olarak tartigmaktir. Bu nedenle bildiri, tamamlanmakta
olan tez ¢aligsmasinin 6n degerlendirme ve sentez niteligindeki bir tam metin sunumudur.

2. Materyal ve Yontem

Calismada referans filtre medyas1 olarak bir igme suyu aritma tesisinde kullanilan standart silisli kum
(SK) dikkate alinmis; alternatif medya bilesenleri olarak ise {i¢ farkli tane boyu fraksiyonuna ayrilmis pomza
kullanilmistir. S6z konusu pomza fraksiyonlari, farkli boyuttaki partikiillerin farkli derinliklerde tutulmasini
hedefleyen katmanli bir yerlesim anlayisiyla degerlendirilmistir. Bu yaklasimda kaba fraksiyonun girig

156



T¢me Suyu Aritiminda Alternatif Bir Filtre Ortami Olarak Borla Sinterlenmis ... G. G. Etlioglu vd.,

bolgesinde, daha ince fraksiyonlarin ise asagi katmanlarda yer almasi 6ngoriilmiis; béylece hem ylizeysel
tikanmanin geciktirilmesi hem de yatagin derinliklerine yayilan bir tutma davramisi elde edilmesi
amaglanmustir,

Sekil 1:Borla baglanmis sinterlenmis pomza

Bu calismanin 6zgiin yonii, gevsek graniiler pomza karisimi yerine, segilen fraksiyonlarin bor esasl bir
baglayic1 yardimiyla belirli bir geometri icerisinde biitiinlestirilmesi ve sinterlenerek tugla benzeri yekpare
filtre elemanlarina doniistiiriilmesidir. Bor baglayicisinin kullanilmasindaki temel yaklasim, katmanli tane
diizenini sabitlemek, tagima ve yerlestirme sirasinda fraksiyonlarin ayrigmasini énlemek ve kontrollii bir
gbdzenek mimarisi ile mekanik dayamimm birlikte saglayabilmektir. Bu tasarim, graniiller pompaya 6zgii
operasyonel kararsizliklarin azaltilmasina yonelik deneysel bir ¢6ziim Onerisi sunmaktadir.

Tablo 1. Calismada kullanilan medya kodlari ve tasarim icindeki iglevieri.

Kod Tanim Tane boyutu Tasarim icindeki rolii

SK Standart silisli kum Referans medya Mevcut tesis medyast ile karsilastirma

Giris bolgesinde kaba partikiil tutulmasi ve hidrolik

Pil Iri taneli pomza -8 mm +3 mm 2.

gecisin korunmasi
PO2 Orta taneli pomza -2 mm +1 mm Ara katmanda derin filtrasyon ve yiik dagilimi
PK3 ince taneli pomza <1 mm Alt katmanda ince partikiil ve yiizey temelli

tutunmanin artirilmasi

Deneysel degerlendirme g¢ergevesinde medya karakterizasyonu ve performans testleri iki ana grupta ele
alinmaktadir. Birinci grupta, medyanin yapisal 6zelliklerini belirlemeye yonelik analizler yer almaktadir:
tane boyu dagilimi, goriiniir yogunluk ve yigin yogunlugu, su emme davranisi, mineralojik yap:t (XRD),
ylizey morfolojisi (SEM/EDS), 6zgiil ylizey alam1 ve gozenek dagilmi (BET, t-Plot ve BJH), ayrica
gerekiyorsa zeta potansiyel ve basing dayanimi dlciimleri. Ikinci grupta ise proses performansimni ortaya
koyacak hidrolik ve kalite parametreleri bulunmaktadir: bulaniklik, askida kati madde, se¢ilmis iyonlarin
giderim verimi, bag kayb1 gelisimi, tikanmaya kadar ¢alisma siiresi ve geri yikama ya da rejenerasyon sonrasi
performansin korunumu.

Bu bildiri kapsamindaki degerlendirme, tamamlanmakta olan tez ¢aligmasinin mevcut agsamasina karsilik
geldiginden, burada tam 6l¢ekli performans verileri yerine deneysel tasarimin teknik gerekgesi ve literatiirle
uyumlu hipotezleri sunulmustur. Dolayisiyla asagidaki tartigma boliimi, gelistirilen medyanin beklenen
davranigin1 6nceki ¢caligmalarin bulgulart ile birlikte yorumlayan bir 6n teknik ¢cerceve sunmaktadir.
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3. Bulgular ve Tartisma
3.1. Secilmis literatiiriin calismanin tasarimina katkisi

Tablo 2, pomza ve alternatif graniiler medya calismalarindan se¢ilmis ornekleri 6zetlemekte ve onerilen
borla baglanmis sinterlenmis pomza tasarimi agisindan temel ¢ikarimlart gostermektedir.

Tablo 2. Calismanin kuramsal ¢ercevesini besleyen se¢ilmiy literatiir.

Calisma Odak Baslica bulgu Bu caliyma icin anlam
Hizh filtrasvonda eevsek Pomza, ayn1 kosullarda kuma gore Pomzanin makro-hidrolik agidan
Farizoglu vd. (2003) omza ve kym gevs daha yiiksek bulaniklik giderimi ve uygulanabilir bir filtre medyasi
pomza ve ku daha diisiik bas kayb1 gostermistir. oldugunu destekler.
Yiizey modifikasyonu, pomzanin Pomzanin yalnizca fiziksel degil,
Zhang vd. (2021) MgO ile modifiye pomza ve adsorptif kapasitesini belirgin bigimde | yilizeyi diizenlenmis fonksiyonel
gve floriir giderimi artirmis ve kolon uygulamasinda medya olarak da kullanilabilecegini
kararli performans sunmustur. gosterir.
Ramirez Arenas vd. | Kum ve GAC filtrasyonunda Yuzey p uruzlu}ugu, goz§nek ot Megiya morf01041§1 ve yuzey yukunun
. hapsolma ve yiik etkilesimleri yeni nesil kirleticiler igin kritik
(2022) nanoplastikler . i - .
filtrasyon davranigini belirlemistir. oldugunu gosterir.

Yiizeyi diizenlenmis graniiler medya,
Modifiye graniiler medya ile eszamanli dogal organik madde,
¢oklu giderim bulaniklik ve mikroplastik giderimini
iyilestirmistir.

Borla baglanmis tasarimin ileride
yilizey modifikasyonu ile daha islevsel
hale getirilebilecegine isaret eder.

Lapointe vd. (2025)

3.2. Kum ve pomza arasindaki yapisal farklarin proses davranisina etkisi

Kum medyasinda filtrasyon davranisi agirlikli olarak taneler arasi bosluklarda gergeklesen mekanik
eleme, derin filtrasyon ve flok yakalanmasi ile aciklanirken, pomzada bu tabloya tane i¢i porozite ve yiizey
puriizliliigii de eklenmektedir. Bu fark, dzellikle partikiillerin yalmzca bosluk boyutu ile degil, piiriizli
ylizeyler ve diizensiz bosluklar tarafindan da tutulabildigi bir davranig penceresi yaratir. Bu nedenle
pomzanin performansi, ayni tane boyu dagiliminda dahi kumdan farkli olabilir. Farizoglu vd. (2003) ve
Aksay Kiling vd. (2016) bu farkliligin bas kaybi1 gelisimi ve partikiil tutma verimi iizerinde belirgin sonuclar
dogurabildigini gostermektedir.

Bununla birlikte yiiksek porozite her zaman otomatik olarak daha iyi performans anlamina gelmez.
Gozenek mimarisinin baglantililigi, sinterleme sonrasi agik porlarin korunmasi, baglayict miktarin bosluk
hacmini ne oOl¢iide daralttigi ve su akimimin gercek gecis yollart gibi degiskenler, filtrasyon verimini
belirleyen kritik parametrelerdir. Bu nedenle BET, t-Plot ve BJH verileri medyanin yiizey temelli etkilesim
potansiyelini gostermek icin yararl olsa da, bas kayb1 ve hidrolik kapasite ile birlikte yorumlanmalidir.
Yalnizca yiiksek yilizey alani elde etmek yeterli degildir; ayn1 zamanda gegirgenlik korunmali ve tikanma
hiz1 makul seviyede tutulmalidir.

3.3. Stratifiye ve yekpare tasarimin beklenen avantajlari

Literatiirde gevsek graniiler pomza yataklariyla ilgili olumlu sonuglar bulunmakla birlikte, pratik
uygulamada fraksiyonlarin zamanla karigmasi, yerlesim sirasinda segregasyon ve geri yikama sirasinda
medyanin homojenliginin bozulmasi 6nemli sorunlardir. Bu ¢alismada 6nerilen borla baglanmis sinterlenmis
tasarimin temel yeniligi, iri, orta ve ince fraksiyonlarin Onceden tanimlanmis katmanli diizenini
sabitlemesidir. Boylece giris bolgesinde kaba partikiil yiikii karsilanirken, daha alt katmanlarda ince partikiil
ve ylizey etkilesimleri i¢in daha elverisli bir ortam korunabilir.

Yekpare geometri ayni zamanda mekanik tasima, modiiler degisim ve rejenerasyon agisindan da avantaj
saglayabilir. Gevsek graniiler yataklarda goriilen medya kaybi, smiflanma ve yeniden doldurma problemleri,
tugla formunda iiretilmis elemanlarda daha kontrollii hale gelebilir. Bu durum, o6zellikle post-mining
kaynakli sular ya da degisken karakterli ylizey sularinda saha 6lgekli uygulama agisindan 6nemlidir. Ancak
bu potansiyelin dogrulanabilmesi i¢in basing dayanimi, kimyasal kararlilik, ¢6ziinme davranisi ve c¢oklu
1slanma-kuruma dongiilerine kars1 dayanimin deneysel olarak gdsterilmesi gerekir.
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3.4. Yiizey kimyasi ve yeni nesil kirleticiler acisindan degerlendirme

Pomza esasli medyalari igme suyu aritimindaki gelecegi yalnizca bulaniklik giderimi ile sinirli degildir.
Demir oksit kapli pomza ile dogal organik madde giderimi (Kitis et al., 2007), arsenik giderimine ydnelik
metal kapli pomza ¢aligmalari (Nasseri & Heidari, 2012) ve MgO ya da lantan esasli modifiye pomza
ornekleri (Zhang et al., 2021; Deng et al., 2024), yiizey fonksiyonelliginin dogru tasarlanmasi halinde bu
medyanin secici adsorpsiyon davranisi gosterebildigini ortaya koymaktadir. Bu durum, onerilen borla
baglanmis sinterlenmis govdenin ilerleyen asamalarda aktif fazlarla kaplanmasina veya yiizey yiikiiniin
ayarlanmasina imkan verebilecegini diisiindiirmektedir.

Yeni nesil kirleticilere iliskin caligmalar ayrica medya morfolojisinin dnemini artirmaktadir. Kum ve aktif
karbon filtrasyonunda nanoplastiklerin giderimi; straining, yiizey tutunmasi, bosluk i¢inde hapsolma ve
elektrostatik etkilesimlerin birlikte rol oynadigi karmasik bir siire¢ olarak tanimlanmigtir (Ramirez Arenas et
al., 2022; Pulido-Reyes et al., 2022). Bu nedenle gelistirilecek pomza medyasinin yalnizca klasik bulaniklik
parametreleri ile degil, ylizey yiikii kontrollii model kirleticiler ve uzun dénem fouling davranisi ile birlikte
degerlendirilmesi, ¢calismanin bilimsel katkisini belirgin bigimde artiracaktir.

3.5. Kritik arastirma sorular1 ve simirhihiklar

Mevcut asamada yanitlanmasi gereken temel arastirma sorulari sunlardir: (i) bor baglayicisi ve sinterleme
kosullar1 agik por yapisint hangi dlgiide korumaktadir, (ii) yekpare medyanin gegirgenlik-bas kaybi dengesi
gevsek pomza ve silisli kumla karsilastirildiginda nasildir, (iii) mekanik dayanim ile aritma verimi arasinda
optimum denge hangi baglayici orani ve tane dizilimi ile saglanmaktadir, (iv) medya tekrar kullanim ve geri
yikama sonrasinda performansini ne olgiide korumaktadir ve (v) ylizey 6zellikleri segilmis iyonlarin veya
yeni nesil kirleticilerin gideriminde ilave katki saglayabilmekte midir.

Bu sorular aym1 zamanda c¢aligmanin mevcut sinirliliklarint da tanimlamaktadir. Eldeki metin, tez
kapsaminda gelistirilen medyanin tasarim gerekgesini ve arastirma planini yayinlanabilir, akademik bir
cergevede sunmay1 amaglamaktadir; dolayisiyla burada nihai deneysel performansin tiim sayisal sonuglari
raporlanmamistir. Bununla birlikte literatiir sentezi ve ozellikle diisiik maliyetli, yerli ve fonksiyonel filtre
medyasi arayisinda dikkate deger bir aragtirma yonii sunmaktadir.

4. Sonuclar

Bu caligma, igme suyu aritiminda alternatif filtre medyasi olarak pomzanin yalnizca gevsek graniiler
formda degil, bor baglayicis1 ile biitiinlestirilmis ve sinterlenmis stratifiye bir gévde halinde de
degerlendirilebilecegini ortaya koyan bir 6n teknik ¢ergeve sunmaktadir. Literatiir; pomzanin kumdan farkl
olarak yiiksek i¢ porozite, piiriizli yiizey ve diisiik yogunluk gibi 6zellikler sayesinde filtrasyon davranisini
iyilestirebilecegini, uygun yiizey modifikasyonlar1 ile de segici adsorpsiyon yetenegi kazanabilecegini
gostermektedir.

Onerilen tasarimin temel katkis1, farkli tane boyu fraksiyonlarini sabit bir katmanli yapida birlestirerek
derin filtrasyon, hidrolik kararlilik ve mekanik biitiinliigi birlikte hedeflemesidir. Bu yaklagim, gevsek
graniiler pomza yataklarinda goriilen segregasyon ve isletme degiskenligini azaltma potansiyeline sahiptir.

Bundan sonraki asamada, medyanin mineralojik ve morfolojik karakterizasyonunun sayisal olarak
tamamlanmasi; gegirgenlik, bas kaybi, bulaniklik giderimi gibi ¢alismalar yapilacaktir. Bu veriler, 6nerilen
medyanin saha 6l¢egine taginabilirligini belirleyecek ana tabami olusturacaktir.

Sonu¢ olarak borla baglanmis sinterlenmis pomza yaklasimi, hem yerli malzeme kullanimimi &ne
¢ikarmasi hem de igme suyu aritiminda ¢ok islevli medya tasarimina imkan vermesi bakimindan dikkat
cekici bir arastirma alani olusturmaktadir. Ozellikle post-mining sahalarindan etkilenen su kaynaklarinda
veya degisken 6zellikli ylizey sularinda, modiiler ve yeniden kullamilabilir filtre elemamn gelistirme yoniinden
Oonemli bir potansiyel tasimaktadir.
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Madencilik Faaliyetlerinde Rehabilitasyon ve Atik Yonetiminin Hukuki Niteligi
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Ozet

Madencilik faaliyetleri, yogun bir sekilde ¢evre ile etkilesim icerisinde oldugundan bu etkilesimin hukuk
sistemi ile kapsamli bir sekilde yonetilmesi gerekmektedir. Bu baglamda rehabilitasyon ve atik yonetimi
madencilik faaliyetlerinin her asamasinda etkisini gostermekte ve hukuki yiikiimliiliikler getirmektedir. Bu
calismada, madencilik faaliyetlerinde atik yonetimi ve rehabilitasyon siire¢lerinin hukuki niteligi, ¢evre
hukuku, idare hukuku, maden hukuku cercevesinde incelenecektir.

Calismada, atik yonetimi ve rehabilitasyon kavramlarmin hukuki kapsami incelenecek olup, ruhsatin
verilmesi, sirdiiriilmesi, devri ve sona erdirilmesi siire¢lerinde bu yiikiimliiliikler degerlendirilecektir.
Rehabilitasyon bedelleri ve teminat uygulamalarinin hukuki niteligi ve bu uygulamalarin kamu zararlarina
karsi mali giivence mi yoksa bir yaptirim mi oldugu tartisilacaktir. Rehabilitasyon ve atik yonetimi
yiikiimliiliikleri ruhsatin ayrilmaz bir unsurudur. Dolayisiyla bu yiikiimliiliikler kusura dayali olmaktan
ziyade kusursuz sorumluluk anlayisiyla sekillenmektedir.

Rehabilitasyon ve atik yonetiminde idarenin denetim ve yaptirim yetkilerinin hukuki sinirlari; olgiiliiliik,
hukuki giivenlik ve belirlilik ilkeleri c¢ercevesinde idarenin takdir yetkisi degerlendirilmekle birlikte
uygulamada ortaya ¢ikan belirsizlikler ve hak iddialart incelenmektedir. Sonug¢ olarak ¢aliymanin temel
hedefi; madencilik faaliyetlerinde rehabilitasyon ve atik yonetiminin ¢evresel koruma ile ruhsat giivencesi
arasindaki dengeyi belirleyen temel hukuki unsurlardan biri oldugunu ortaya koymaktir.

Anahtar Kelimeler: atik yonetimi, madencilik faaliyetleri, maden hukuku, rehabilitasyon

Legal Nature of Rehabilitation and Waste Management in Mining Activities
Abstract

Mining activities, due to their intensive interaction with the environment, necessitate comprehensive
regulation within the legal system. In this context, rehabilitation and waste management manifest their
effects at every stage of mining operations and impose legal obligations. This study examines the legal
nature of waste management and rehabilitation processes in mining activities within the frameworks of
environmental law, administrative law, and mining law.

The study investigates the legal scope of the concepts of waste management and rehabilitation, evaluating
these obligations in the processes of granting, maintaining, transferring, and terminating mining licenses.
The legal character of rehabilitation fees and financial assurance mechanisms will be discussed, particularly
whether these practices constitute financial guarantees against public harm or sanctions. Rehabilitation and
waste management obligations are inseparable elements of the mining license. Consequently, these
obligations are shaped by the principle of strict liability rather than fault-based responsibility.

The legal boundaries of the administration's supervisory and sanctioning powers in rehabilitation and waste
management are assessed within the principles of proportionality, legal certainty, and predictability,
alongside the administration's discretionary authority, while also examining uncertainties arising in practice
and related claims. Ultimately, the primary objective of this study is to demonstrate that rehabilitation and
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waste management in mining activities represent one of the fundamental legal elements determining the
balance between environmental protection and license security.

Keywords: waste management, mining activities, mining law, rehabilitation
1. Giris

Madencilik faaliyetleri dogasi geregi c¢evre ile yogun etkilesim igerisindedir. Bu etkilesim, madencilik
faaliyetlerinin tiim agamalarin1 kapsamaktadir. Bu nedenle, madencilerin ¢evre ile uyumlu calisabilmesi ve
faaliyetler sonucu bozulan alanlarin eski haline getirilebilmesi amaciyla rehabilitasyon ve atik yonetimi ile
ilgili mevzuatimizda yasal diizenlemeler yer almakta ve giincel ihtiyaclara bu diizenlemeler siklikla
degisiklige ugramaktadir.

Rehabilitasyon ve atik yonetimi, 3213 sayili Maden Kanunu, 2875 sayili Cevre Kanunu, Maden Atiklari
Yonetmeligi, Cevresel Etki Degerlendirmesi Yonetmeligi, Maden Sahalarinda Rehabilitasyon Yonetmeligi
gibi kanun ve yonetmeliklerle detayli olarak diizenlenmistir. Cevre hukuku, idare hukuku, maden hukuku
gibi bircok hukuk disiplinini ilgilendiren rehabilitasyon ve atik ydnetimi, madencilik faaliyetlerinin
stirekliligi ve bu faaliyetlerin ¢evreyle uyumlu sekilde gergeklestirilebilmesi i¢in oldukg¢a dnemlidir.

Bu galigmada; rehabilitasyon siireci, rehabilitasyon bedellerinin édenmesi, rehabilitasyon bedellerinin
maden ruhsatlarinin devamliliina etkisi, atik yonetimi, idarenin denetim ve yaptirim yetkisi gibi hususlar
ilgili mevzuat diizenlemesi gercevesinde tartisiimaktadir.

2. Madencilik Faaliyetlerinin Cevre ile Mliskisi

Rehabilitasyon ve atik yonetimi, maden ruhsatinin verilmesinden sahadaki faaliyetler sona erene kadar
tim siirecin ayrilmaz bir pargasidir. Madenin aranmasi, bulundugu yerden c¢ikarilmasi gibi faaliyetler
neticesinde ¢evrede meydana gelen degisimler ve bozulmalar rehabilitasyon ve atik yonetimi siirecleriyle
kontrol altinda tutulmaya caligilmaktadir. Faaliyet alanlarinin eski hale getirilmesi/rehabilite edilmesi igin
mevzuata uygun, g¢evre bilinciyle calisilmasi liretim faaliyetleri kadar hayati 6neme sahiptir. Clinkii
madenciligin esas amaci; toplumun refahimi artirmak, iilkenin kalkinmasina katki saglamak, 6z kaynak
kullanimiyla disa bagimliligi azaltmak olmakla birlikte; siirdiiriilebilir madencilik politikalariyla gelecek
nesillere yasanabilir bir lilke birakabilmektir.

Madencilik faaliyetlerinin ¢evreye olan etkileri ile ilgili bir¢cok yasal diizenleme mevcuttur. Madencilik ve
cevre etkilesimini en aza indirmek amaciyla Cevre Kanunu, Cevresel Etki Degerlendirmesi Yonetmeligi,
Maden Kanunu, Maden Y 6netmeligi’nde hiikiimler mevcuttur.

2873 sayili Cevre Kanunu’nun {igiinci maddesinde; c¢evrenin korunmasi, iyilestirilmesi, kirliligin
onlenmesine iligkin ilkeler diizenlenmistir. Ayn1 kanun maddesinin “g” bendinde; “Kirlenme ve bozulmanin
onlenmesi, simirlandirilmasi, giderilmesi ve ¢evrenin iyilestirilmesi icin yapilan harcamalar kirleten veya
bozulmaya neden olan tarafindan karsilamir. Kirletenin kirlenmeyi veya bozulmayr durdurmak, gidermek
veya azaltmak icin gerekli onlemleri almamasi veya bu onlemlerin yetkili makamlarca dogrudan alinmasi
nedeniyle kamu kurum ve kuruluslarinca yapilan gerekli harcamalar 6183 sayili Amme Alacaklarinin Tahsil
Usulii Hakkinda Kanun hiikiimlerine gére kirletenden tahsil edilir.” hikmii bulunmaktadir. Bu hiikiim,
cevreyi kirletenler igin sorumluluk ongdrmiistiir. Cevreyi kirletenler i¢in Cevre Kanunu madde 28/1°de
“Cevreyi kirletenler ve gevreye zarar verenler sebep olduklari kirlenme ve bozulmadan dogan zararlardan
dolayr kusur sarti aranmaksizin sorumludurlar.” hilkkmii yer almaktadir. Cevreyi kirletenler ortaya g¢ikan
zararlar1 tazmin etmekle yiikiimliidiir. Kirleten 6der ilkesi geregi bilingli ya da bilingsiz ¢evreye zarar veren
bu zararin giderilmesinde sorumludur.

Yukarida bahsedilen kirleten dder ilkesi rehabilitasyon bedelinin hukuki temelini olusturur. Madenciler,
faaliyetlerini siirdiirebilmeleri i¢in rehabilitasyon bedelini 6demekle yiikiimliidiir. Bu bedelin 6denmemesi
durumunda Maden Kanunu madde 13 geregince ruhsat iptal edilir. (Maden Kanunu m.13: “...Ruhsat ve
rehabilitasyon bedelinin tamaminin ocak ayimin sonuna kadar yatirdmamast halinde yatirilmayan kismin o
yil haziran ayinin son giintine kadar 6183 sayitli Kanunun 51 inci maddesine gére hesaplanacak gecikme
zammi oraminda artirdarak yatirilmast zorunludur, aksi halde ruhsat iptal edilir.”)
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3. Rehabilitasyon Kavraminin Hukuki Cergevesi

24.07.2025 tarihli Resmi Gazete’de 7554 kanun numarali “Bazi1 Kanunlarda Degisiklik Yapilmasina Dair
Kanun” yayimlandi. Yayimlanan kanunda Maden Kanunu’nda degisiklikler yapilmigtir. “Rehabilitasyon”,
“rehabilitasyon bedeli hesabi” gibi kavramlarin tanimlari bu degisiklikle birlikte Maden Kanunu’'na
eklenmistir. Rehabilitasyon, 3213 sayili Maden Kanunu’nun iiglincli maddesinde; “Madencilik faaliyetleri
nedeniyle bozulan, topografyasi degisen alanlara yéonelik; emniyetli hdle getirme, diizenleme, duraylilig
saglama, diizeltme, iist toprag serme, tohum ekme, fidan dikme, arazi yapisi uygun yerlerde rekreasyon
alanlart olusturma, bitkilendirme, agaclandirma, kimyasal ve fiziksel iyilestirme kapsaminda yapilan
calismalar.” seklinde tanimlanmistir. Madencilik faaliyetlerinde bozulan alanlarda, eski hale getirme ve
iyilestirme adina yapilan tiim faaliyetleri rehabilitasyon faaliyeti olarak degerlendirilebilir.

Rehabilitasyon c¢aligsmalarinin giderlerinde kullanilmak iizere maden ruhsat sahiplerinden rehabilitasyon
bedeli alinmaktadir. Rehabilitasyon bedeli, isletme ruhsat bedeli kadardir ve her yil ocak ayiin sonuna kadar
yatirilmasi zorunludur. Rehabilitasyon bedelinin ocak ayinin sonuna kadar yatirilmamasi durumunda haziran
aymin son giiniine kadar gecikme zammi oraninda artirilarak yatirilmasi gerekir. Aksi durumda ruhsat iptal
edilir.

Rehabilitasyon bedelleri nemalandirilir ve bu paralar sadece rehabilitasyon icin kullanilacaktir. Bu
bedeller bankada nemalandirilacak olup minimum faiz oran1 Tiirkiye Cumhuriyeti Merkez Bankasi’nin bir
aya kadar vadeli olarak agilan mevduatlara uygulanan agirlikli ortalama faiz oraninin %75’inden diisiik
olamaz. Rehabilitasyon bedeli ve nema geliri haczedilemez, rehnedilemez ve temlik edilemez.
Rehabilitasyon yiikiimliiliigli kalmayan ruhsat sahiplerine ddedikleri rehabilitasyon bedelinin kullanilmayan
kismi iade edilir. Fakat bu bedel iadesi 6183 sayili Kanunun 22/A maddesi kapsaminda vadesi ge¢mis
borcun bulunmamasi sartina baglanmaistir.

23.01.20256 tarih 33146 sayili Resmi Gazete’de Maden Sahalarinda Rehabilitasyon Yonetmeligi
yayimlanmistir.  Yonetmelik, Maden Kanunu c¢ergevesinde rehabilitasyon bedellerinin  tahsili,
nemalandirilmasi, iadesi ile rehabilitasyon uygulamalarina iliskin usul ve esaslar1 belirlemektedir.
Madencilik faaliyetleri sirasinda topografyasi bozulan veya degisen alanlarda gergeklestirilecek
rehabilitasyon galigmalarinin yiiriitiilmesine, rehabilitasyon bedellerinin tahakkuku, tahsili, nemalandirilmasi,
O0denmesi ve iadesine, rehabilitasyon projesi uygulamalarina yonelik koordinasyon, yetki ve yiikiimliiliikklere
iliskin usul ve esaslar Maden Sahalarinda Rehabilitasyon Ydnetmeligi’ne gore yiiriitiilecektir.

Maden Sahalarinda Rehabilitasyon Yonetmeligi 11 maddeden olusmaktadir. Rehabilitasyona iligskin genel
esaslar ve mali hiikkiimler madde 5-7 arasinda diizenlenmistir. Rehabilitasyon projesinin Genel Miidiirligiin
onayma sunulmasi zorunlu kilinmistir. Hiikimden diisen sahalar ve rehabilitasyon yiikiimliiliigii yerine
getirilmeyen sahalarda; rehabilitasyon yiikiimliiliigli, orman vasfindaki alanlarda ilgili orman idaresi, diger
alanlarda ise idare tarafindan yerine getirilecektir.

Maden Sahalarinda Rehabilitasyon Yonetmeligi'nin dordiincii maddesinde rehabilitasyon projesi;
“Madencilik faaliyetleri sonucunda bozulan alanlarin; c¢evresel, ekolojik ve sosyal a¢idan giivenli,
surdiiriilebilir ve ¢evreyle uyumlu bir yapiya doniistiiriilmesini saglamak amaciyla hazirlanan, bilimsel
verilere, miihendislik esaslarina ve siirdiiriilebilirlik ilkelerine dayanan teknik uygulama ydntemlerini,
uygulama takvimini, yatirim biit¢esini ve mali kaynak planlamasint igeren, izlenebilir ve élciilebilir hedefler
barindiran biitiinciil proje” seklinde tanimlanmustir. Rehabilitasyon projesi Maden ve Petrol Isleri Genel
Miidiirliigii onayma sunulur. Ozel ¢evre koruma bdlgesi ilan edilen alanlar igin ise Cevre, Sehircilik ve Tklim
Degisikligi Bakanliginin da onayina sunulur. Rehabilitasyon projeleri onaylanmadan sahada rehabilitasyon
caligmas1 yapilamaz. Devlet ormanlarinda rehabilitasyon projeleri ise Orman Kanununun 16 nc1 Maddesinin
Uygulanmas1 Hakkinda Yo6netmelik kapsaminda hazirlanmasi gerekmektedir.

4. Atik Yonetiminin Hukuki Cercevesi

Madenlerin aranmasi, iiretime yonelik hazirlik ¢aligmalari, iretilmesi, sevkiyati, cevher hazirlama ve
zenginlestirme, atiklarin bertarafi, ruhsat sahasindaki stoklama/depolama islemleri, maden igletmelerinin
kapatilmasi ve gevre ile uyumlu hale getirilmesi ile ilgili tiim faaliyetler ve bu faaliyetlere yonelik gecici
tesislerin yapilmasi madencilik faaliyetleri olarak degerlendirilir. Madenlerin aranmasi, ¢ikarilmasi,
hazirlanmasi/zenginlestirilmesi veya depolanmasi sonucunda ortaya ¢ikan atiklarin ¢evreye zarar vermeden
taginmasi, bertaraf edilmesi ve yonetimi igin gerekli olan islemler Maden Atiklar1 Yonetmeligi hiikiimlerine
gore yapilir.
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Maden Atiklar1 Ydnetmeligi'nin dérdiincii maddesinde atik, “Ureticisi veya fiilen elinde bulunduran
gercek veya tiizel kisi tarafindan ¢evreye atilan veya bwrakilan ya da atilmast zorunlu olan herhangi bir
madde veya materyal” seklinde tanimlanmistir. Madencilik faaliyetlerinden kaynaklanan atiklarin ¢evre ve
insan sagligina zarar vermeyecek sekilde depolanmasi ve bertaraf edilmesi esastir.

Maden atiklarinin topraga, suya ve c¢evreye kontrolsiiz birakilmast yasaktir. Atiklar dogrudan
kanalizasyona verilemez veya diger atiklarla karistirilamaz ve atiklar yalnizca lisansh tesislere gonderilebilir.
Maden atik yonetim plani, Bakanlikca CED yeterlik belgesine ya da ¢evre damigmanlik yeterlik belgesine
haiz kurum ve kuruluslar veya isletmeci tarafindan bu Yonetmeligin Ek-1’1 dogrultusunda hazirlanarak, CED
siirecinde CED raporu ve proje tanitim dosyasi i¢inde Bakanliga veya Il Miidiirliiklerine isletmeci tarafindan
sunulur.

4. Rehabilitasyon ve Atik Yonetiminde Idarenin Denetim ve Yaptirim Yetkileri

Idare tarafindan alinan bir bedelin kamu alacagi sayilabilmesi igin devlete dogrudan gelir
kaydedilebilmesi, 6183 sayili Kanun kapsaminda tahsil edilebilir olmasi, vergi, resim, har¢ benzeri mali
yukiimlilik niteligi tagimasi1 gerekir. Alinan bedelin idari yaptirim olabilmesi i¢in ise hukuka aykirilik
sonucu uygulanmali ve cezalandirma amaci tasimalidir. Oysa rehabilitasyon bedeli; devlete gelir amaci
tasimaz, kamu zararina karsi giivence saglar, faaliyet basinda ve devaminda alinir, iade edilebilirdir. Tiim bu
aciklanan sebeplerle; rehabilitasyon bedeli idari yaptirim degil, mali teminat 6zelligi tasir ve rehabilitasyon
bedeli kamu giiciiyle zorunlu kilinmistir.

Rehabilitasyon yiikiimliiliigli; kusura dayanmaz, tehlike esaslidir ve objektif sorumluluk anlayisi tasir.
Kusursuz sorumluluk; kisilerin veya kurumlarin kusuru bulunmadigi halde dogan zarardan sorumlu
tutulmasidir. 2872 sayili Cevre Kanunu’nun 28. maddesinde "Cevreyi kirletenler ve ¢evreye zarar verenler,
sebep olduklart kirlenme ve bozulmadan dogan zararlardan dolayt kusur sarti aranmaksizin sorumluduriar.”
hilkmii yer almakta ve kusursuz sorumluluk kavrami somutlagmaktadir. Dolayisiyla, bir igletme tim
onlemleri almasina ragmen cevresine verdigi zarardan sorumludur fakat sorumluluktan s6z edebilmek icin
zarar ile faaliyet arasinda illiyet bagi bulunmalidir. Kusursuz sorumluluk mutlak degildir; miicbir sebep,
zarar gorenin agir kusuru, tigiincii kisinin agir kusuru gibi durumlarda isletmeci sorumluluktan kurtulabilir.

Cevre Kanunu’nun 12 nci maddesinde yer alan “Bu Kanun hiikiimlerine uyulup uyulmadigini denetleme
yetkisi Bakanliga aittir.” hilkiim ile denetim yetkisi Cevre ve Sehircilik Bakanligi’na verilmistir.
Gerektiginde bu yetki ilgili kurumlara devredilebilmektedir.

Madencilik faaliyetleri siirekli olarak idare tarafindan denetlenir. Projeye aykirilik, bedellerin
ddenmemesi veya cevre ile ilgili olumsuz durumlarda idare tarafindan yaptirim uygulanir. idarenin yetkisi
sinirsiz olmamakla birlikte; dlgiliik, belirlilik, hukuki giivenlik gibi temel ilkelerle ¢evrelenmistir. Bu ilkeler
ayn1 zamanda ruhsat giivencesini de saglamaktadir.

3213 sayili Maden Kanunu’nun 11 nci maddesinin birinci fikrasi; “Genel Miidiirliik, maden haklar: ile
ilgili biitiin faaliyetlerin yiiriitiilmesini ve vecibelerin yerine getirilmesini kontrol ve denetimini yapmak ve
yonlendirmek igin teknik ve mali konulart yerinde incelemek maksadiyla ihtisaslasmis diger Devlet
kuruluglarindan ve tiniversitelerden de yararlanarak inceleme raporu hazirlatir...” seklindedir. Madencilik
faaliyetleri Maden ve Petrol isleri Genel Miidiirliigii tarafindan siirekli olarak denetlenir.

Maden ve Petrol Isleri Genel Miidiirliigii, rehabilitasyon siireclerini denetlerken genis bir takdir yetkisine
sahiptir. Ancak bu yetki sinirsiz degildir, Anayasa’da giivence altina alinan hukuk devleti ilkesi geregince
idare keyfi islem yapamaz, yaptirim orantili olmalidir ve ruhsat sahibinin kazanilmis haklar1 korunmalidir.

4. Sonuclar

Rehabilitasyon ve atik yonetimi siirecleri; madencilik faaliyetlerinin siirdiiriilebilir olmasina ve cevreyi
korumaya katki saglayan, ruhsat giivencesinin tamamlayici bir unsurudur.

Rehabilitasyon bedeli, idari yaptirim veya kamu alacagi degil; risk esashi ve ruhsata bagli mali glivence
mekanizmasidir. Maden isletme hakkiin devami igin rehabilitasyon bedellerinin zamaninda 6denmesi ve
rehabilitasyon siire¢lerinin mevzuata uygun siirdiiriilmesi gerekmektedir.
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Abstract

Mining activities leave long-lasting impacts and managing these impacts responsibly and sustainably remains
a major challenge for many mining regions worldwide. Mine closure therefore requires the development of
new skills, research, and innovative projects to cover this irresponsible need. Future engineers and
researchers must be able to design appropriate measures and manage complex challenges, risk assessment,
design mitigation and remediation solutions, associated with mine closure and post-mining procedures. Within
this framework, the COST project REMINDNET aims to promote and strengthen knowledge related to post-
mining management. With many mines closure expected in the coming years it is urgent to construct European
education program for bachelor s students, post-graduate engineers and master’s students to face the demands
in the domain post-mining risk management, remediation and reclamation of post-mining lands. Different
actions are carried out by the REMINDNET such as best practices documents, creating a European post-
mining network, etc. The paper presents the different actions for improving the training capacity and the
perspectives. The results shown that the knowledge gained in these courses and allowing better understanding
the topics of post-mining.

Keywords: Post-mining, Education, New skills, Research

1. Introduction

Mining activities leave long-lasting impacts and managing these impacts responsibly and sustainably remains
a major challenge for many mining regions worldwide. This is particularly true in several European countries
(Figure 1), where mining activities have declined and mines have closed for economic and social reasons.
Furthermore, the European Union’s goal of achieving climate neutrality by 2050 has accelerated coal phase-
out efforts in regions historically shaped by mining and heavy industry across Europe (Figure 2).

Mine closure therefore requires the development of new skills, research, and innovative projects to cover
this irresponsible need. Future engineers and researchers must be able to design appropriate measures and
manage complex challenges, risk assessment, design mitigation and remediation solutions, associated with
mine closure and post-mining procedures. The training approach and the education must integrate scientific
and engineering expertise at the intersection of mine surveying, land surveying, and geo-engineering.

2. REMINDNET Project

REMINDNET (Recovery of Mining District Network) is a COST Action, a research network funded by
the European Cooperation in Science and Technology. It comprises over 130 scientists and engineers from
more than 60 organizations across 37 countries, mainly in the EU. The network focuses on the legislation,
governance and management of mine legacies, as well as financing, rehabilitation and monitoring techniques,
with the aim of improving implementation to minimize post-closure mining legacies (REMINDNET, 2024).

The ambition of the network is to Map of Europe showing closed and operating mines. The green circles
represent the calculated amount of waste rock where the largest circles represent more than 500 Mt of waste
rock. Diamonds represents smaller mines and the colours represents type of ore; blue for iron and iron-alloy

* Marwan Al Heib: Tel: +336 12452275
Email: marwan.alheib@ineris.fr



mailto:marwan.alheib@ineris.fr

Training and Capacity Building for Post-mining Management Marwan Al Heib et al.,

metals, yellow for precious metals, red for base metals, grey for bauxite, violet for energy metals (U) and green
for special metals (Ladenberger er al., 2018).

-~

Figure 1: The state of closed mines and active mines in Europe

e cstablish a European mining legacy database, compare present legal framework, governance
structures and management approaches,

e provide input to mine authorities, regulators and financial institutions on a social balanced and
environmental-friendly management of mine legacies,

e harmonize best practices, standards and lessons learnt for a comprehensive and sustainable
management of raw materials’ extraction legacies and

e disseminate the results to the public through an open access visualization platform.
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Figure 2: Situation of the coal-phase out in Europe (Debiagi et al, 2022)

The network unites experts from currently separated fields, including geologists, economists, engineers,
environmental and social scientists, metallurgists, legal representatives, to consolidate knowledge and foster
mutual exchange of knowledge between researchers. These challenges are increasingly being addressed by
universities and engineering research centres involved in post-mining issues.

The project is structured into 5 working groups as given in Figure 3. WG 1 focuses on different legislation.
governance and management practices across European mining countries. WG 2 addresses socio-economic
aspects and the financing of mine legacies. WG 3 focuses on the rehabilitation, monitoring and risk
management of the different environmental aspects of raw materials’ extraction legacies. WG 4 concentrates
on training and capacity building, while WG 5 handles dissemination, communication, and project
management (REMINDNET, 2024).

REMINDNET consist of 5 Working groups:
WG 1 - Government and management practices
WG 2 - Socio-economic aspects and financing
WG 3 - Environmental monitoring and risk management and use of abandoned mines
WG 4 - Training and capacity building
WG 5 - Dissemination and communication, Project Management

Figure 3: Structure of REMINDNET project

Working Group 4, serving as the primary focus of this paper, aims to promote and strengthen knowledge
related to post-mining management. Its capacity-building activities focuses on developing and strengthening
the skills, instincts, abilities, processes and resources that organizations and communities require for post-
mining risk assessment and management. Through the support of the REMINDNET network, the project
partners organize training schools dedicated to PhD students. Each training school welcomes around 20
selected doctoral candidates and young engineers to attend theoretical and practical courses on post-mining
challenges. Participants also have the opportunity to engage with professors and experts involved in post-
mining research and development.
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In 2024, WG 4 organised the first online workshop with the title of “Good practice in Recovery of Mining
Districts”. The event focused mainly on the sustainable transformation of the degraded areas and tailings, as
well as multidisciplinary management of mining legacies.

In 2025, the first training school was held in Bochum, Germany, and covered topics related to the latest
remediation, rehabilitation, and monitoring techniques applied to raw-material extraction legacies. Two
additional training schools are planned for 2026: the first in Italy, focusing on “Legislative and management
aspects” and the second in Turkey, addressing “Socio-economic aspects and financing methodologies”. The
final training school within the REMINDNET project will take place in 2027 and will thematically address the
issues of reclamation, monitoring and geohazards in the post-mining landscape.

3. State of the art

Closing of mining operation involves numerous complex issues, including reclamation and environmental
protection, community issues, socio-economic consideration, planning for alternate use of available facilities,
cost estimation and asset disposal. Mine closure and post-mining management are a combination of technical
know-how and technical skills to successfully complete complex closure projects. Engineers in charge of mine
closure and post-mining managements should possess sufficient experience and knowledge to critically
analyse both technical and non-technical information.

Furthermore, the mine closure should gather broader information on impacts, risks, and mitigation
measures, including stakeholder requirements, needs, and wishes, as well as post-closure land capacity
requirements to ensure land adaptability. Mine closure engineers should solve a complex puzzle whose pieces
include economic factors, feasibility, long-term sustainability of the closure, operational requirements, and
reputation.

They must be able to see all the pieces of the puzzle and facilitate discussions, assess trade-offs, and analyse
options to produce a coherent closure strategy. The mine closure integration officer is able to identify whether
the objectives of a smaller area, landform, or discipline are inconsistent with other elements. These specialists
in mine closure and post-mine management should have solid theoretical and practical expertise to address the
complex details of mine closure, ranging from environmental rehabilitation to socio-economic considerations
(Boggs et al, 2025).

CRC TiME Project carried out a survey to identify the needs in Australia, and the results highlighted that
only 13% of survey participants had detailed knowledge of mine closure planning processes and 17% of
participants specified mine closure processes as the most important training need for the mining sector.
Participants specified their top three priority areas of skills development as mine closure planning processes,
risk assessment, and communication and engagement, including with First Nations communities. The absence
of'a vocational education and training pathway contributes to this gap. The core skills and knowledge necessary
for mine closure extend beyond restoration activities, encompassing governance, operations, and social and
economic dimensions. However, currently, mining and post-mining activities are not enough attractive for
young researchers and engineers (CSIRO, 2023).

Dejkovski (2024) explored education and training opportunities in Australia. He notes that multi-
disciplinary areas of expertise required in mine closure and post mine transitions and that no single course is
likely to address all noted skill sets. The existing training packages are mostly mining related and not
necessarily related to mine closure.

The research of existing education programs highlighted that a limited number of educational programs
currently are focused on post-mining topics (Table 1). One such complete program is the master’s degree
“Geotechnical Engineering and Post-Mining” offered by University of Applied Sciences Georg Agricola
(THGA) in Germany.

Similarly, in the Czech Republic, a study program called “Revitalisation of Post-Mining Landscape” has
been newly accredited at the VSB-Technical University of Ostrava, however, lectures are currently held in the
Czech language only. At most other European and international universities, only few hours are dedicated to
post-mining through seminars and workshops.

Another relevant master’s degree is offered at the Freiberg Mining Academy (TUBAF) in Germany.
While, this e master's program focuses on mine closure rather than post-mining management, it should provide
knowledge and skills in the fields of sustainable mining, mine rehabilitation and revitalization (TUBAF, 2026).

The Missouri University of Science and Technology offers a graduate certificate in mine reclamation,
providing formalized education for engineers, geologists, and other scientists who work in the field without
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any formal training. The program aims to equip these students with the skills that allow them to work as mine
reclamation professionals and regulators on mine reclamation projects (Missouri S&T, 2026).

Table 1: Example of education and training courses related to closer and post-mining assessment and
management

Name

Location / Language

Website

Geo-engineering and Post-
mining (Master Program)

Germany / German

https://www.thga.de/en/degree-
programs/overview/geo-engineering-and-post-
mining

https://tu-freiberg.de/en/study/master-

Sustainable ~ Mining and sustainable-mining-and-remediation-
Remediation = Management Germany / English management
(Master Program) https://www?2.daad.de/deutschland/studienange
bote/international-programmes/en/detail/4446/
Revitalisation of the Post- gi?;;g;;&ﬁfﬁ::ﬁ;ﬂcS/uChazeCI/Studum_
;nrimrlagm)Landscap ¢ (Master  Czech Republic / Czech studium/?programmeld=1182&academicY earl
& d=66&studylLanguagelds=1
Land Reclamation .
International Graduate Canada / English https:/lrigs.ualberta.ca/
School
Graduate Certificate in Mine . https://dlstapce.mst.edu/dlstance.- .
. US / English programs/distance-graduate-certificates/mine-
Reclamation .
reclamation/
Integrated Mine Closure Australia / English https.://www..aus1mrn.corn_/courses/profess1onal
(Course) -certificates/integrated-mine-closure
Foundation of Mine Closure https://study.uq.edu.au/short-
and Sustainable Transition Australia/English courses/foundations-mine-closure-and-

(Course)

sustainable-transitions

Mining and Environment
(Specialized Master)

France / French

https://www.imt-mines-ales.fr/en/specialized-
master-mining-and-environment

Sustainable Mining (Master)

France / French

https://www.minesparis.psl.eu/formations/mast
eres-specialises/ms-industrie-des-ressources-
minerales-societe-miris/

Advanced Mineral Resources Germany, Ukraine, https://cms.nmu.org.ua/en/AMRD/AMRD.php
Development (Master) Austria / English
Mine Closure Fundamental Canada https://community.edumine.com/p/mine-

(Course)

closure-fundamentals/register

Research projects aimed at better planning mine closure and mine site reclamation from the early stages of

a mining project life cycle are exposed as possible steps to strive for optimal mine waste management,
sustainable reuse of post-mining land and valorisation of the mining waste. The researches focus mainly on
ecological restoration evaluation: assessment of ecological restoration quality, evaluation of ecological
restoration benefits and the evaluation of ecological restoration measurement methods, primarily centered on
the rehabilitation of watersheds, wetlands, and other ecosystems. Certain projects aim to develop tools for
satellite remote sensing images, aerial photographs, maps, and other relevant sources, in order to assess
ecological restoration, post-mining management, based on the perspective of changes in historical information.
Researches also are carried out in the fields of environmental, socio-cultural and economic impacts of mine
closure. Also, the feasibility of using UAV-AI-MR (Unmanned Aerial Vehicle — Artificial Intelligence —
Mixed reality) technology is one of challenge for monitoring post-mining hazards (Figure 4). A related topic
is the assessment of multi-risk in post-mining land and the long-term impact of climate change on the
restoration of mining lands including lakes and tailing dams.
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Figure 4: Research carried out of the use of new technologies and Al in the post-mining management and
long-term land monitoring (Samaei et al., 2024)
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4. First Training School

In 2025, a five-day intensive training school was organised by REMINDNET from June 24 to 28 in
Bochum, Germany (Figure 5). The training school addressed the latest remediation, rehabilitation and
monitoring techniques and their application on the raw materials’ extraction legacies. The participants were
from Turkey, the Czech Republic, Finland, Italy, North Macedonia, the UK, Bosnia and Herzegovina,
Morocco, Serbia, Bulgaria, France, Estonia and Germany. Numerous partner universities from the network
were hosted by the THGA in the Ruhr mining region. Designed for doctoral students and young researchers,
the training school presented both proven and innovative methods for the remediation and renaturation of post-
mining areas. The program comported, methodologies, case studies, working groups and site visits.

The REMINDNET Training School facilitated an excellent international and practical exchange that looked
at post-mining from multiple perspectives and included state-of-the-art technologies (e.g. in geomonitoring)
in the program. Participants presented case studies on remote sensing of a post-mining landscape using QGIS
and the Google Earth Engine, as well as various drones from the Research Center of Post-mining, which are
fundamentally important and versatile technical tools for geomonitoring.

The practical part also included field excursions throughout the Ruhr region to demonstrate the region’s
transition The excursion program for the international guests included the German Mining Museum in
Bochum, the Ewald Colliery with its current forms of use in the area of local recreation and events, as well as
the Nordsternpark in Gelsenkirchen. In addition, the participants worked as a team to develop innovative
approaches to the conversion of post-mining landscapes with a focus on practical examples and local value
creation.

Overall, the training school proved not only the relevance of the topic (from ecological to social, economic,
political and legal aspects of post-mining), but also showed why REMINDNET is so valuable for multinational
problem-solving and teaching.

REcovery C COos |:

MINing EUROPEAN COOPERATION
p o IN SCIENCE & TECHNOLOGY
District
Funded by
N ETWork - the European Union

TRAINING SCHOOL BB
-23'in1' ‘j ‘ \\

Figure 5: First REMINDNET training school

5. Conclusion

In conclusion, with many mines closure expected in the coming years, it is urgent to construct European
education program. Such curricula for undergraduate and post graduate are essential to meet to face the
demands in the domain post-mining risk management, remediation and reclamation of post-mining lands.

This paper has shown that education and capacity building in the area of post-mining are very limited,
despite the growing number of closed and abandoned mines. The REMINDNET project contributes to
enhancing the education of the post-mining and preparing future engineers to effectively address the complex
challenges raised by post-mining subjects.

The training schools are organized by the REMINDNET experts and specialists, providing PhD students
and young engineers to acquire and apply the knowledge in the study subjects.
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Oksiit Madencilik Sosyal Sorumluluk Cahsmalar

Olgun OTYAKMAZ!
1Oksiit Madencilik Halkla Iliskiler Irtibat Ofisi,38400 Develi, Kayseri, Tiirkiye.

Ozet

Oksiit Madencilik A.S. Kayseri ili Develi ilcesinde bulunan ve Centerra Gold'a ait Oksiit Altin Madeni
Isletmesinde devam eden iiretim faaliyetlerine bagl olarak; sosyal onay: korumak ve giiclendirmek amaciyla
“topluma ve ¢evreye sayguli, siirdiiriilebilir madencilik” anlayisiyla kurumsal bir Sosyal Yénetim Sistemi
uygulamaktadir. Sistem; paydas katilimi, sikdyet yonetimi, toplum sagligi ve giivenligi, toplumsal kalkinma,
ge¢im kaynaklarimin desteklenmesi ile yerel istihdam ve satin alma uygulamalarimi genis bir ¢ergevede ele
almaktadir. Paydagslarla kurulan diizenli ve seffaf iletisim mekanizmalar: karar alma siireglerine entegre
edilmekte ve uygulamalarin yerel dinamiklerle uyumlu bicimde yiiriitiilmesi saglanmaktadir. 2014-2025
yillart arasinda bolgede 100’tin iizerinde sosyal yatirum projesi gerceklestirilmistir. Proje uygulamalari;
egitim, halk saghg, kadinlarin ekonomik katilvmi, sportif faaliyetler ile tarim ve hayvanciligin desteklenmesi
alanlarinda yogunlasmaktadir. Egitim projeleri mesleki ve teknik kapasitenin gelistirilmesine ve egitim
altyapisimin giiclendirilmesine odaklanmaktadir. Halk saghg uygulamalart koruyucu hizmetler ve saghk
altyapisimin  desteklenmesini  kapsamaktadir. Kadin kooperatiflerine saglanan destekler yerel iiretim
kapasitesini artirmayt ve kadinlarin ekonomiye katilmalarini amaglamaktadir. Tarim ve hayvancilik
projelerinde yenilenebilir enerji sistemleri ve modern ekipman kullanimi tesvik edilerek kirsal iiretim
yapisuin  giiglendirilmesi hedeflenmektedir. Bu yaklasim, sosyal boyutu kurumsal ydnetim siireglerine
entegre eden ve bolgesel kalkinmay destekleyen yapisal bir model sunmaktadir.

Anahtar Kelimeler: Sosyal Yonetim Sistemi, Sosyal Onay, Paydas Katilimi, Toplumsal Kalkinma,
Siirdiirtilebilir Madencilik

Oksiit Mining Social Responsibility Studies

Abstract

Oksiit Madencilik A.S., operating the Oksiit Gold Mine in Develi district of Kayseri province, owned by
Centerra Gold, implements a corporate Social Management System based on the understanding of
"sustainable mining that respects society and the environment” in order to maintain social licence. The
system broadly addresses stakeholder participation, grievance management, community health and safety,
community development, livelihood support, local employment and procurement practices. Regular
communication mechanisms established with stakeholders are integrated into decision-making processes,
ensuring that practices are carried out in a manner consistent with local dynamics. Between 2014 and 20235,
over 100 social investment projects were implemented in the region. These projects focus on education,
public health, women's economic participation, sports activities, and support for agriculture and livestock
farming. Education projects concentrate on developing vocational and technical capacity and strengthening
educational infrastructure. Community health practices encompass preventive services and support for
health infrastructure. Support provided to women's cooperatives aims to increase local production capacity.
The aim is to strengthen the rural production structure by encouraging the use of renewable energy systems
and modern equipment in agricultural and livestock projects. This approach offers a structural model that
integrates the social dimension into corporate governance processes and supports regional development.
Keywords; Social Managment System, Social Licence, Stakeholder Engagement, Community Development,
Sustainability
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Oksiit Madencilik Sosyal Sorumluluk Calismalari Olgun OTYAKMAZ

1. Giris

Oksiit Madencilik tarafindan I¢ Anadolu Bélgesi, Kayseri’nin Develi ilgesi sinirlar1 igerisinde yer alan
Oksiit Altin Madeni projesinde Keltepe ve Giineytepe olarak acik ocak madenciligi ve y1gm lici yontemi ile
cevher islenerek karbon kolonlar1 aracihigiyla dore altin iiretimi yapilmaktadir. Oksiit Altin Madeni,
Tiirkiye’”de Avrupa Imar ve Kalkinma Bankasi (EBRD) tarafindan finansman destegi saglanan ilk
madencilik projesidir. Ayrica bu projede Cevresel Etki Degerlendirmesi (CED) raporunun yaninda Cevresel
ve Sosyal Etki Degerlendirmesi (CSED) raporuda tamamlanarak ¢evresel ve toplumsal etkilerine iligkin
degerlendirme siirecleri seffaf bir sekilde yiiriitmiistiir. Oksiit Madencilik, ISO 14001:2015 Cevre Y&netim
Sistemi ve ISO 45001:2018 Is Saghg ve Giivenligi Yonetim Sistemi, ISO 50001 Enerji Yénetim Sistemi ve
Uluslararasi Siyaniir Yonetim Kodu (ICMC) sertifikalarina tam uyumla tamamlayarak {iretimine devam
etmektedir. Bunlarm yaninda Oksiit Madencilik, Diinya Altin Konseyinin Sorumlu Altin Madenciligi
IIkelerini (RGMP) de rehber edinmektedir.

Sekil 1: Keltepe Actk Maden Ocagi

Madencilik sektoriinde sosyal onaym siirdiiriilebilirligi, yalmzca gevresel yiikiimliiliikklerin yerine
getirilmesiyle degil, ayn1 zamanda faaliyet gosterilen bolgelerde ortaya cikan sosyal ve ekonomik etkilerin
sistematik ve dlglilebilir bigimde yonetilmesiyle miimkiin olmaktadir.

Bu ¢alisma, Oksiit Altin Madeni projesi tarafindan uygulanan sosyal yonetim sistemi ve kurumsal sosyal
sorumluluk yatirm programlarimin yapisal Ozelliklerini, uygulama mekanizmalarim ve siirdiiriilebilir
kalkinma iizerindeki etkilerini analiz etmeyi amaglamaktadir. Calismada, sirketin sosyal onayin koruma ve
giiclendirme stratejisi ¢ercevesinde gelistirdigi paydas katilimi, sikdyet yoOnetimi, toplumsal kalkinma ve
ge¢im kaynaklarinin iyilestirilmesi uygulamalar ele alinmaktadir.

2. Sosyal Yonetim Sistemi

Sosyal Yonetim Sistemi, isletmenin faaliyetlerinden kaynaklanabilecek sosyal etkilerin Ongdriilmesi,
yoOnetilmesi  ve izlenmesi amaciyla yapilandirilmis kurumsal bir yoOnetisim c¢ergevesi olarak
tanimlanmaktadir. Bu sistem; paydas katilimi, sikdyet mekanizmalari, toplum sagligi, giivenligi ve emniyeti,
toplumsal kalkinma projeleri, ge¢im kaynaklarmin iyilestirilmesi ile yerel istthdam ve yerel satin alma
uygulamalarin1 tek bir ¢ati altinda birlestirmektedir. Risk degerlendirme siiregleri ve diizenli izleme ile
desteklenen bu yapi, sosyal etkilerin azaltilmasini ve olumlu etkilerin artirllmasini hedeflemektedir. Siirekli
gelisim ilkesi dogrultusunda uygulanan Sosyal Yonetim Sistemi, kurumsal hesap verebilirligi giliglendiren ve
sosyal onayin siirdiiriilebilirligine katki saglayan stratejik bir yonetim araci niteligi tasimaktadir. Oksiit
Madencilik’in sosyal yonetim sistemi asagidaki basliklardan olugmaktadir;
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Paydas Katilimi

Sikayet Yonetimi

Topluluk Sagligi, Emniyeti ve Giivenligi

Toplumsal Kalkinma ve Sosyal Sorumluluk Projeleri
Yerel Istihdam ve Yerel Tedarik

2.1. Paydas Katilimi

Oksiit Madencilik Paydas Katilim Prosediirii kapsaminda tiim paydas iliskilerini yiiriitmektedir. Bu
cercevede paydaslar; kamu kurumlari, yerel yonetimler, meslek odalari, kooperatifler ve birlikler, mahalle
mubhtarlari, ticari igletmeler, giftciler, hayvancilikla ugragan haneler, hassas gruplar ve yerel halki kapsayacak
sekilde genis ve cok katmanli bir yapt icinde ele alinmistir. Bu yaklasim, projenin yalnizca teknik ve
ekonomik boyutlariyla degil, ayn1 zamanda sosyal yap1 ve yerel yasam pratikleriyle etkilesim icerisinde
degerlendirildigini gostermektedir.

Kamu kurumlari; kurumsal Sosyal Sorumluluk uygulamalari kapsamindaki siirecin kurumsal ¢ergevesini
olusturan temel aktorler olarak konumlandirilmistir. Yerel yonetimler ve ilgili kamu birimleriyle yiiriitiilen is
birligi mekanizmalari, karar alma siire¢lerinin mevzuata uyumlu, seffaf ve koordineli bigimde yiiriitiilmesini
saglamaktadir. Bu durum, proje faaliyetlerinin kurumsal siirdiiriilebilirligini giiclendiren bir unsur olarak
degerlendirilmektedir.

Yerel kooperatifler, {iiretici birlikler ise kirsal kalkinmanin desteklenmesi, tarim ve hayvancilik
faaliyetlerinin giiglendirilmesi ve yerel ekonomik kapasitenin artirilmasi kapsaminda stratejik paydaslar
arasinda yer almaktadir. ilgili paydaslarla gelistirilen is birlikleri, yerel iiretim aglarimin gii¢lendirilmesine,
kolektif kapasitenin artirilmasina ve ekonomik faydanin daha dengeli dagilimina katki sunmaktadir. Boylece
paydas katilmi yalnizca bilgilendirme diizeyinde kalmamakta, bolgesel/yerel kalkinma dinamiklerini
destekleyen bir modele doniismektedir.

Mahalle mubhtarlar1 ve yerel halk, projenin sosyal etkilerini dogrudan deneyimleyen ve geri bildirim
mekanizmalar1 araciliftyla siirece yon veren temel paydas gruplar olarak ele alinmaktadir. Bu kapsamda
diizenli iletisim kanallari, sikdyet ve Oneri mekanizmalar ile istisare toplantilari, karsilikli giivenin tesis
edilmesine ve karar alma siireclerinin kapsayici bicimde yiiriitiilmesine olanak tanimaktadir. Ciftciler ve
hayvancilikla ugrasan haneler ise arazi kullanimi, iiretim kosullar1 ve gelir kaynaklar1 bakimindan yiiksek
etkilesim diizeyine sahip gruplar olarak degerlendirilmekte; bu nedenle s6z konusu paydaglarin goriis ve
beklentileri planlama siireclerine entegre edilmektedir.

Sonug olarak paydas katilimi, proje siirecinin ayrilmaz bir bileseni olarak kurgulanmus; farkli paydas
gruplarinin bilgi, deneyim ve beklentilerinin karar alma ve uygulama asamalarina dengeli ve kapsayici
bigimde yansitilmasi hedeflenmistir. Bu yaklasim, sosyal etkilerin etkin yonetimini destekleyen, kurumsal
hesap verebilirligi artiran ve uzun vadeli toplumsal uyumu giiclendiren bir yonetisim modeli ortaya
koymaktadir.

Sekil 2: Paydas Katilim Toplantilart
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2.2. Sikayet Yonetimi

Oksiit Altin Madeni, faaliyetlerinden etkilenebilecek tiim paydaslarla acik, saygili ve giivene dayali bir
iletisim kurmay1 kurumsal bir ilke haline getirmistir. Bu ilke dogrultusunda, hem yerel halka hem de
calisanlara yonelik kapsamli bir sikayet mekanizmasi isletilmektedir. Mekanizma; seffaflik, erisilebilirlik,
gizlilik ve zamaninda geri bildirim yaklagimlariyla yiiriitiilmektedir. Boylelikle toplumun Oksiit Madencilik
hakkinda bilgi almasi, endigelerini iletmesi ve sorunlarin sistematik bigimde ¢6ziilmesi amaglanmaktadir.

Sikayet mekanizmasi; yerel topluluklar, mubhtarlar, c¢iftgiler, kooperatifler, STK’lar ve diger dis
paydaslarm Oksiit Madencilik ile ilgili goriis, Oneri ve sikayetlerini kolaylikla iletebilmesine imkan
saglayacak sekilde yapilandirilmistir. Develi ilce merkezinde bulunan Halkla Iliskiler irtibat Ofisi, saha
ziyaretleri, yazili bagvurular, telefon hatti, e-mail ve projeye komsu mahallelerde ortak alanlara
konumlandirilan sikayet ve Oneri kutulari, mekanizmanin temel bilesenlerini olusturmaktadir. Ac¢ik Kapi
Politikas1 ¢ercevesinde paydaslarla diizenli temas kurulmakta ve saha ziyaretlerinde birebir goriismeler
gergeklestirilmektedir.

)‘Q’S‘c s
ONERI KUTUSU

1111
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OKsUT
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DILEK VE
SIKAYET KUTUSU

Sekil 3: Halkla iliskiler irtibat ofisi ve ¢evre mahallelerdeki sikayet kutusu
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2.3. Topluluk Saghgi, Emniyeti ve Giivenligi
Oksiit Madencilik, ingaat ve operasyon siireglerinde trafik yogunlugu degisimleri, siyaniir kullanimi,

giivenlik uygulamalar1 ve bulasici hastalik riskleri gibi toplumu etkileyebilecek baslica konulara yonelik
olarak; planlama, egitim, risk degerlendirmesi, acil durum hazirligi, paydas bilgilendirmesi, diizenli denetim
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ve kayitlarin incelenmesi gibi yontemlerle, ilgili yoneticilerin sorumlulugunda uygulanacak kapsamli bir
halk saglig1, emniyeti ve giivenligi yonetim yaklasimini benimsemektedir.

HOME SAFETY GUIDELINE

Sekil 4: Evde Giivenlik ve Ilk Yardim Projesi (Anneler ve Cocuklar icin)

2.4. Toplumsal Kalkinma ve Sosyal Sorumluluk Projeleri

Oksiit Altin Madeni olarak yiiriitiillen sosyal projeler; maden faaliyetlerinin etki alaninda ortaya
cikabilecek olumsuz sosyal algi ve etkilerin yonetilmesini, olast olumsuz algilarin azaltilmasini ve Develi
ilgesi ile sosyal etki alanindaki mahallelerde uzun vadeli toplumsal fayda yaratilmasini hedefleyen sosyal
yatirim yaklagimi gercevesinde ele alinmaktadir. Bu yaklagim; egitim, kirsal kalkinma, saglik, spor, kiiltiir
ve sosyal dayanigma gibi alanlarda kalic1 ve 6l¢iilebilir olumlu degisimler yaratmay1 amaglamaktadir.

Bu ¢ergevede Oksiit Madencilik’in sosyal projeleri, iki tamamlayic1 eksen etrafinda yapilandiriimaktadir.

Ilk eksen, maden faaliyetleriyle dogrudan iliskili olabilecek alanlarda ortaya g¢ikan etkilerin
hafifletilmesine ve iyilestirilmesine yonelik miidahaleleri kapsamaktadir. Bu eksen cercevesinde mera ve
arazi erisim yollarinin iyilestirilmesi, su teminine yonelik yatirimlar, karla miicadele uygulamalari ile altyapi
ve lstyapi iyilestirme calismalari hayata gegirilmekte; giinlik yasami dogrudan etkileyen konularda somut
iyilesmeler saglanmasi hedeflenmektedir.

Ikinci eksen ise bolgenin yapisal kalkinma ihtiyaclarina odaklanan sosyal yatirimlari icermektedir. Egitim
diizeyinin yiikseltilmesi, tarimsal verimliligin artirilmasi, hayvancilik kapasitesinin giiclendirilmesi, kadin ve
genglerin {iretim ve istihdam siireglerine katiliminin desteklenmesi bu eksenin temel odak alanlarini
olusturmaktadir. Bu dogrultuda modern tarim uygulamalari, suni tohumlama, alternatif yem {iretimi, sulama
kooperatifi ve giines enerjisi yatirimlari, kadin kooperatifleri ve siirdiiriilebilir gelir imkanlar1 projeleri gibi
uygulamalar hayata gecirilmektedir.

Bunlara ek olarak, sirket-toplum iligkisini giiclendirmeyi hedefleyen spor faaliyetleri ve sponsorluklar,
toplum saglig1 projeleri, kiiltiir ve sanat etkinlikleri, ulusal ve uluslararasi sempozyumlara destekler ile
Ramazan ve Kurban donemlerinde yiiriitiilen sosyal yardimlar ve afet sonrasi destek caligmalari, Oksiit
Madencilik’in sosyal yatirim portfoyiiniin tamamlayict unsurlari olarak degerlendirilmektedir. Bu projeler,
toplumsal dayanismay: giiclendirmeyi ve yerel 6lcekte giiven iligkilerinin siirdiiriilmesini amaglamaktadir.

Bu yoniiyle sosyal projeler ile maden faaliyetleri arasindaki iligki ¢ift yonli bir yap1 sergilemektedir. Bir
yandan maden faaliyetlerinden etkilenen alanlarda iyilestirici ve telafi edici uygulamalar hayata gegirilirken,
diger yandan bélgenin uzun vadeli kalkinma ihtiyaglar1 desteklenmekte ve Oksiit Madencilik’in bdlgeyle
iliskisi yalnizca bir igveren olmanin 6tesine taginmaktadir.

Oksiit Madencilik, sosyal projelerini planlarken ve uygularken kamu kurumlari, yerel yonetimler,
kooperatifler ve 0Ozel sektdr paydaslari ile is birligi i¢inde hareket etmektedir. Bu yaklasim, sosyal
yatirmlarin yerel ihtiyaclarla uyumlu, sahiplenilen ve siirdiiriilebilir yapilar olarak hayata gecirilmesini
desteklemektedir. Ayni zamanda projelerin tasariminda, uygulama siirecinin sirket varligma bagimh
olmaksizin devam edebilmesini saglayacak kapasite gelistirme, yerel aktorlerin giiglendirilmesi ve kurumsal
mekanizmalarin olusturulmasina énem verilmektedir. Bu sayede projelerin etkisinin firma faaliyetlerinden
bagimsiz olarak da uzun vadede siirdiiriilmesi hedeflenmektedir. Bu kapsamda uygulanan Toplumsal
Kalkinma ve Sosyal Sorumluluk Proje kategorileri agagidaki gibir;

Halk Saglig1 Projeleri

Gegim Kaynaklarini lyilestirme ve Kirsal Kalkinma Projeleri
Egitim Projeleri

Siirdiiriilebilir Gelir Getirici Firsat Projeleri
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Altyap1 ve Ust Yapr lyilestirme Uygulamalari
Kiiltiirel ve Sanatsal Faaliyetlerin Desteklenmesi
Spor Faaliyetlerinin Desteklenmesi ve Sponsorluklar
Bagislar

2.4.1 Halk Saghg Projeleri

Oksiit Madencilik, bélgede hayata gegirdigi projelerle toplum saghginin korunmasi ve gelistirilmesi,
saglik hizmetlerine erisimdeki esitsizliklerin azaltilmasi ve o6zellikle kirilgan gruplarin yasam kalitesinin
artirtlmast amaciyla iginde fiziki yatirnm da olan saglik projeleri gerceklestirmektedir. Projeler koruyucu
saglik uygulamalarindan erken tam kapasitesini biiyiiten tibbi cihaz yatirimlarina, evde bakim ve
erigilebilirlik ¢oziimlerinden salgin doneminde hizli miidahale desteklerine uzanan genis bir etki alani
olusturmaktadir.

Oksiit Madencilik’in saglik yatirimlari, ilge dlgeginde saglik hizmetlerine erisimi giiglendiren ve sahada
dogrudan karsilik bulan somut ¢iktilar iiretmektedir. Develi Devlet Hastanesi tarafindan paylasilan izleme
verilerine gore mamografi cihazi, hasta bakim ambulansi, evde bakim araci, renkli ultrasonografi cihazi ve
MR goriintiileme altyapisi yatirimlar1 sayesinde 2017-2025 déneminde toplam 46.926 kisi dogrudan saglik
hizmetlerinden yararlanmigtir. Yararlanicilarin yaklasik %63’iinii kadinlar olusturmaktadir. Bu durum
ozellikle kadin sagligina ve bakim hizmetlerine yonelik yatirimlarin sahadaki etkisini acik bicimde ortaya
koymaktadir. Develi Tlge Saghk Miidiirliigii verileri ise filyasyon araci, as1 dolab1 ve viicut analiz cihaz1 gibi
koruyucu saglik altyapisi yatirmlarindan toplam 108.048 kisinin faydalandigimi gostermektedir ve bu
yararlanicilarin  %53’ii kadinlardan olusmaktadir. Bu bulgular, Oksiit Madencilik’in 6zellikle salgm
doneminde ve sonrasinda gergeklestirdigi saglik yatirimlarinin yalnizca hizmet kapasitesini artirmakla
kalmadigini, ayn1 zamanda kadinlar basta olmak iizere kirilgan gruplarin saglik hizmetlerine erisiminde
belirgin bir iyilesme sagladigina isaret etmektedir. Bu kapsamda hayata gegirilen proje ve faaliyetler;

e Ogrenciler i¢in Saglikli Beslenme, Hijyen, Dis Saghig1 Egitimleri ve Saglik Taramasi Uygulamalari
Hasta Yatagi ve Diger Tibb1 Malzemeler Temini
Komsu Mabhalleler I¢in C6p Konteynerleri Temini
Diyabet & Obezite Kontrol Programi
Meme Kanseri ile Miicadele ve Farkindalik Projesi (Mamografi Cihazi Temini)

Evde Saglik Hizmetleri Projesi (Hasta Bakim ve Nakil Ambulansi Temini)

Covid-19 Salgini ile Miicadele Projesi (Filyasyon ve Asilama Araglar1 Temini)

Maske Uretimi Projesi (Ogrenciler, Dez Avantajli Gruplar, Kamu ve Maden Calisanlar i¢in)

Evde Giivenlik ve ilk Yardim Projesi (Anneler ve Cocuklar igin)

Ogrenciler igin Covid-19, ISG ve Cevre Konulu Farkindalik Egitimi Projesi

Engelsiz Yasami Destekleme Projesi (Akiilii Tekerlekli Sandalye ve Sarj Istasyonu Temini)

Saglik Hizmetleri Kapasite Gelistirme Projesi (Renkli Ultrason, As1t Dolaplari, Vucut Analizi Cihaz
ve Tefrisat Temini)

Manyetik Rezonans (MR) Tibbi Cihaz Bagisi

Engelsiz Yasam, Bakim, Rehabilitasyon ve Aile Danigma (Otizm) Merkezi Spor ve Oyun Alanlari
Olusturma Projesi

e Kadin Hastaliklar Bilinglendirme Programlari

e Kirsal Mahalleler i¢in Kis Kosullar1 ile Miicadele Ekipman Temini
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Sekil 5:Evde Saghk Hizmetleri Projesi (Hasta Bakim ve Nakil Ambulansi Temini) ve Manyetik Rezonans
(MR) Tibbi Cihaz

2.4.2. Ge¢im Kaynaklarim Iyilestirme ve Kirsal Kalkinma Projeleri

Oksiit Madencilik tarafindan Develi’de yiiriitiilen sosyal projeler, tarim ve hayvanciligin temel gegim
kaynagi oldugu bolgelerde tliretim kosullarinin iyilestirilmesi, gelir istikrarinin desteklenmesi ve uzun vadeli
kirsal siirdiiriilebilirligin giiclendirilmesi amaciyla hayata gecirilmistir. Projeler, maden faaliyetleriyle es
zamanl olarak bolgenin sosyal ve ekonomik yapisinin desteklenmesine yonelik tamamlayict uygulamalar
olarak tasarlanmistir. Bunlar altyapi iyilestirmelerinden Uretim girdilerine, teknik kapasite gelistirmeden
izleme ve degerlendirme mekanizmalarina kadar uzanan ¢ok katmanli bir yaklagim c¢ergevesinde ele
alinmustir.

Bu kapsamda hayata gegirilen proje ve faaliyetler;

Mera ve Tarim Arazilerine Ulasim Yollar1 ve Su Kaynaklarmi Iyilestirme Projeleri

Tarimsal Faaliyetleri lyilestirme & Gelistirme Projeleri (Tarimsal Makine & Ekipman Temini)
Silaj Paketleme Tesisi Projesi

Kapal1 Devre Basingli Sulama Projesi

Arn Yetistiriciligi Projesi

Gebe ve Buzagil Diive Yetistiriciligi Projesi

Canli Hayvan Pazar1 Restorasyonu Projesi

Suni Tohumlama ile Irk Islah1 Projesi

Gelir ve Yasam Kosullarma Etki Izleme Programi

Tiibitak Mam Lab. da Bal ve Gacer Uriinlerinin Gida Analizi Uygulamalar

Hayvan Yetistiricileri i¢in Bilin¢lendirme Egitimleri (Siirii Yonetimi, Beslenme ve Hayvan Saglig1)
Alternatif Yem Uretimi (Flake Yem Fabrikas1) Projesi

Yenilenebilir Enerji Projesi (GES)

Yesil Enerjiyle Hayvan igme Suyu Temini Projesi

Tarimsal Hayvancilik Faaliyetlerinin Gelistirilmesi ve Desteklenmesine Y onelik Uygulamalar
Yesil Enerjiyle Hayvan igme Suyu Temini Projesi-2 Faz
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Sekil 6: Ar1 Yetistiriciligi Projesi ve Kapali Devre Basin¢li Sulama Projesi

2.4.3. Egitim Projeleri

Egitim alanindaki sosyal yatirimlar, Develi ilgesinde akademik basarmnin artirilmasi, mesleki beceri
kazanimimin desteklenmesi, dogru kariyer planlama siireglerine katki sunulmasi ve sosyal-kiiltiirel gelisimin
giiclendirilmesi hedefleri etrafinda kurgulanmistir. Bu kapsamda yiiriitillen projeler, egitimi bireysel
gelisimin yam1 sira toplumsal kalkinmanin temel bilesenlerinden biri olarak ele alan yaklagimla
tasarlanmistir. Egitim yatirimlarinin odak hedef gruplarini ilkdgretim ve lise 0grencileri, meslek lisesi ve
iniversite 0grencileri, kiz 6grenciler, 6gretmenler ve geng sporcular olusturmaktadir. Bu gruplara yonelik
gelistirilen faaliyetlerle firsat esitliginin gili¢lendirilmesi, bireysel potansiyelin ortaya ¢ikarilmasi ve uzun
vadeli sosyal fayda yaratilmasi1 amaglanmaktadir.

Sirketin Toplumsal Kalkinma Plan1 dogrultusunda, bolgede yer alan egitim tesislerinin desteklenmesi ve
gelistirilmesine ek olarak, madencilik faaliyetleriyle iliskili konular, siirdiiriilebilir kalkinma, cevresel
farkindalik, trafik giivenligi ve kisisel gelisim basliklarinda yiiriitiilen bilinglendirme programlar1 da egitim
destek projelerinin ayrilmaz bir pargasi olarak degerlendirilmektedir.
Oksiit Madencilik gevresel ve sosyal farkindaligm artirilmasima ydnelik bu galigmalari yalmzca maden
faaliyetlerinin etkilerinin yonetilmesi agisindan degil, aym1 zamanda proje alami c¢evresinde yasayan
komsularin giinliik yasam kalitesinin artirilmasi ve toplumsal dayanikliligin gii¢clendirilmesi agisindan da
kritik dneme sahip olduguna inanmaktadir. Oksiit Madencilik hayata gecirdigi projelerle 18.887 dgrenciye
ulagsmistir. Bu kapsamda hayata gegcirilen proje ve faaliyetler;

e Trafik Bilin¢lendirme Egitimleri
Cevre Bilinglendirme Egitimleri (Geri Doniisiim, Enerji Tasarrufu)
Robotik Kodlama (STEM) ve Egitici Zeka Oyunlari Projesi
BESYO (Beden Egitimi ve Spor Yiiksekokulu) Egitim Akademisi Projesi
Maden Teknolojileri Boliimii Projesi (Meslek Lisesi- Maden Teknolojileri Boliimii Agilmasi)
Mesleki Egitimi Gelistirme Projesi
Kayseri Universitesi Develi Yerleskesine Sosyal Alan Olusturma Projesi
Bolgedeki Egitim Tesisleri Destekleme Projeleri (P.C. Kocatiirk Ortaokulu Spor Salonu)
Develi Akademik Gelisim ve Basar1 Projesi
Bagimlhilik Farkindalik Egitimleri (Yesilay)
Bireysel ve Sosyal Gelisim Uygulamalari
Yenilik¢i Mesleki Egitimler, Kariyer Planlama ve Sosyal Gelisim Projesi
Sportif Gelisim ve Basar1 Projesi
ERVA Genglik Merkezi Olugturma Projesi
Iklim Degisikligi Farkindalik Organizasyonu
Kadin Girisimeciler i¢in Sifir Atik Egitim Program
Akademik Basari, Kariyer Planlama, Teknolojik ve Sosyal Gelisim Projesi
Doregi Cocuk Tiyatrosu Etkinlikleri (Kirsal Mahalleler, Develi ilce Merkezi, Deprem Bélgesi)
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Sekil 7: Akademik Basari, Kariyer Planlama, Teknolojik ve Sosyal Gelisim Projesi ile Teknofest Basarisi

2.4.4. Siirdiiriilebilir Gelir Getirici Firsat Projeleri

Bolgede yiiriitiilen kadinlara yonelik stirdiiriilebilir gelir imkanlar1 projeleri, gevresel, sosyal ve ekonomik
acidan uzun vadeli fayda yaratmayi hedefleyen toplumsal kalkinma yaklagiminin bir pargast olarak
kurgulanmistir. Bu projeler; yerel kaynaklar1 ve mevcut yetkinlikleri dikkate alarak, kadinlarin istikrarh gelir
elde edebilecegi, tiretim ve hizmet odakli is modellerinin gelistirilmesini amaglamaktadir.

S6z konusu yaklasim, proje baslangicindan itibaren benimsenmis; Develi ilgesinde yliriitiillen saha
caligmalari, bilgilendirme faaliyetleri ve paydas goriismeleri araciligiyla bolgenin sosyo-ekonomik yapisi,
gecim kaynaklari ve toplumsal ihtiyaglart diizenli olarak izlenmistir. Bu siirecte, yerel topluluklarla yiiriitiilen
siirekli iletisim sayesinde kadinlarin iiretim, isttihdam ve ekonomik hayata katilim alanlarinda karsilastiklari
ihtiyaglar daha net bicimde ortaya konulmustur.

Oksiit Madencilik Halkla iligkiler ekipleri, maden arama ve fizibilite donemlerinden itibaren Develi
ilgesinde sahada aktif olarak yer almis; muhtarlar, kdy azalari, ihtiyar heyetleri ve diger yerel aktorlerle
gergeklestirilen goriismeler yoluyla niifus yapisi, ekonomik faaliyetler, sosyal hizmetlere erisim ve yerel
beklentiler gibi konularda diizenli bilgi akigi saglamistir. Bu saha c¢aligmalari, siirdiiriilebilir gelir getirici
projelerin yerel baglamla uyumlu ve uygulanabilir sekilde tasarlanmasina temel olusturmustur.

Bu ¢ercevede gelistirilen kadin odakli projeler, kisa vadeli destek mekanizmalari olarak degil; kadinlarin
iiretim kapasitelerini giiclendiren, pazara erisimlerini kolaylastiran ve kolektif yapilar araciligiyla ekonomik
hayata kalici katilimlarini destekleyen sosyal yatirnmlar olarak ele alimmaktadir. Kadinlarin mevcut
becerilerinin gelir getirici faaliyetlere doniismesini hedefleyen bu projeler, ayn1 zamanda yerel ekonominin
cesitlenmesine ve toplumsal kalkinmanin giiclenmesine katki sunmaktadir. Asagida sunulan projeler, Oksiit
Madencilik’in siirdiiriilebilir gelir imkanlart yaklagimi dogrultusunda kadinlarin ekonomik hayata katilimini
destekleyen, birbirini tamamlayan ve uzun vadeli etki yaratmayir hedefleyen uygulamalar olarak
degerlendirilmistir. Bu kapsamda hayata gecirilen proje ve faaliyetler;

e Kadin Ureticileri igin Y&resel Uriinler Pazar1 Projesi

e Kadin Ureticileri Gelistirme Projesi (Kadim Ureticiler Koop.-Gacer Kafe)

e Develi Kadin Girisimi Uretim ve Isletme Kooperatifi (Gacer Cafe) Hizmet Kapasitesi Gelistirme
Calismalari

e Halk Egitim Biinyesinde Faaliyet Gosteren Kadin Kursiyerler ile Is Birligi ve Uretim Caligmalart

Sekil 8: Kadin Ureticileri Gelistirme Projesi (Kadin Ureticiler Koop.-Gacer Kafe) ve Halk Egitim
Biinyesinde El Isi Uretim Calismalart
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2.4.5. Altyapi ve Ust Yapa Iyilestirme Uygulamalar

Hayata gecirilen altyap1 ve {istyapi iyilestirme uygulamalari, yerel topluluklarin giinliik yagam kosullarimi
dogrudan iyilestirmeyi hedefleyen, hizli ve somut etki iireten sosyal miidahaleler olarak ele alinmaktadir. Bu
projeler; kamusal alanlarin iglevselliginin artirilmasi, temel altyapr hizmetlerine erisimin iyilestirilmesi ve
sosyal yasami destekleyen mekansal diizenlemelerin hayata gegcirilmesi yoluyla toplumsal kalkinmaya katk1
saglamay1 amac¢lamaktadir.

Altyap1 ve iistyapt odakli bu galigmalar, 6zellikle kirsal yerlesimlerde topluluklarin kisa siirede fark
edilebilir iyilesmeler gérme beklentisine yanit veren uygulamalar olarak tasarlanmistir. Goriiniir ve hizli
sonug iireten bu projeler, yerel diizeyde giiven iliskilerinin giiclenmesine, kamusal alanlarin daha etkin
kullanilmasina ve yagam memnuniyetinin artmasina katki sunmaktadir.

Projelerin belirlenmesi ve uygulanmas: siirecinde yerel ihtiyaglar temel alinmis; bu kapsamda muhtarlar,
ihtiyar heyetleri ve ilgili yerel paydaslarla yiiriitiilen goriismeler dogrultusunda oncelikli miidahale alanlar
tespit edilmigtir. Altyapr ve listyapi iyilestirme uygulamalari, belirli bir hedef grubun &tesinde, yerlesim
yerlerindeki tiim topluluga hitap edecek sekilde planlanmis ve hayata gegirilmistir.

Oksiit Madencilik, bu projeleri tek seferlik miidahaleler olarak degil; yerel ydnetimlerin ve topluluklarin
mevcut kapasitesini destekleyen, kamusal alanlar1 giiclendiren ve giinliikk yagami kolaylagtiran tamamlayici
sosyal yatirimlar olarak degerlendirmektedir. Yol, su, sosyal alan, spor tesisleri ve ortak kullanim alanlarina
yonelik uygulamalar, fiziksel ¢evrenin iyilestirilmesinin yani sira sosyal etkilesimi tesvik eden ve topluluk
baglarini giiglendiren bir etki alan1 yaratmaktadir.

Asagida sunulan altyap: ve iistyap: iyilestirme projeleri, Oksiit Madencilik’in yerel ihtiyaclara duyarl,
hizli uygulanabilir ve genis toplumsal fayda liretmeyi hedefleyen sosyal yatirim yaklagimi dogrultusunda
hayata gecirilen tamamlayici uygulamalar olarak ele alinmaktadir. Bu kapsamda hayata gecirilen proje ve
faaliyetler;

e  Camlik Mesire Alani Sosyal Alan Olusturma Projesi
Gazi ve Gomedi Mahallerinde Agaglandirma ve Sosyal Alan Olusturma Projesi
Ortak Alan lyilestirme Tadilat ve Tefrisat Bagis1 Uygulamalari
fgme Suyu Temini Projeleri
Komsu Mahallelerde Yiiriitiilen Calismalara Is Makinas1 ve Ekipman Destegi
Spor Tesisleri Olusturma Uygulamalari
Alt ve Ust Yapu lyilestirme Uygulamalart
Asfalt Plenti Tesisi Projesi
Grup Yolu (Ayvazhaci-Yazibasi-Gomedi-Epce) Projesi
Proje Komgu Mahallerde Giivenlik Kameras1 Uygulamalari
Komsu Mahallerde Ortak Kullanim Alanlar1 lyilestirme Uygulamalari
Egitim Kurumlari igin Spor Tesisleri Olusturma Projesi
Koskpinar-Elbiz Yesil Enerji ve Sosyal Tesisler Projesi
Develi Modern Halk Kiitiiphanesi Projesi

Sekil 9: Spor Tesisleri Olusturma Uygulamalart, Camlik Mesire Alani Sosyal Alan Olusturma Projesi
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2.4.6. Kiiltiirel ve Sanatsal Faaliyetlerin Desteklenmesi

Oksiit Madencilik tarafindan desteklenen kiiltiirel ve sanatsal organizasyonlar, yerel topluluklarin sosyal
yasama katilmini artirmayi, ortak degerler etrafinda bulugmayi tesvik etmeyi ve kiiltiirel erisimi
giiclendirmeyi amaglayan tamamlayic1 sosyal yatirimlar olarak ele alinmaktadir. Bu kapsamda hayata
gecirilen faaliyetler; kiiltiirel mirasin korunmasi, sanata erisimin yayginlastirilmasi, toplumsal dayanismanin
desteklenmesi ve farkli yas gruplarinin sosyal yasam iginde daha goriiniir hale gelmesi gibi ¢cok boyutlu
hedefleri igermektedir.

Kiiltiirel ve sanatsal organizasyonlar, 6zellikle giinlilk yasamin yogunlugu ve mekansal kisitlar nedeniyle
kiiltiir-sanat faaliyetlerine erisimi sinirli olan gruplar i¢in kapsayici ve erisilebilir bir sosyal etkilesim alani
yaratmaktadir. Festival organizasyonlari, anma ve kutlama programlari, kiiltiirel geziler, tiyatro ve sinema
etkinlikleri gibi uygulamalar; ilge merkezi ile kirsal mahalleler arasinda kiiltiirel yasama katilim farklarinin
azaltilmasina katki sunmaktadir. Bu faaliyetler, yalnizca etkinlik bazli miidahaleler olarak degil; sosyal
baglar1 giiclendiren, toplumsal aidiyet duygusunu besleyen ve ortak hafizayr canli tutan sosyal etkilesim
araglar1 olarak degerlendirilmektedir.

Bu cercevede kiiltiirel ve sanatsal organizasyonlar, Oksiit Madencilik’in sirket-toplum iligkisini
giiclendirmeye yonelik yaklasimimin 6nemli bir bilesenini olusturmakta, farkli paydas gruplarini bir araya
getiren kapsayici bir sosyal temas zemini sunmaktadir. Bu kapsamda hayata gegirilen proje ve faaliyetler;

o Uluslararast Agik Seyrani Kiiltiir ve Sanat Festivalleri Sponsorlugu

e Ogrenciler igin Sinema ve DOREGI Tiyatro Giinii Etkinlikleri — Milli Bayram Organizasyonlar1

e (anakkale Kiiltiir Turu Programi

e Iftar Yemegi Yardimlasma ve Dayanisma Organizasyonlart

o Deprem Bolgelerinde Yasayan Cocuklar i¢in Doregi Cocuk Tiyatrosu Etkinlikleri

e  Cumbhuriyetin 100. Y1l Kutlama Etkinlikleri Programi1

e Depremzede Sanatcilar ve Aileleri Igin Destek Konseri Organizasyonu (Antakya Medeniyetler
Korosu)

e 19 Mayis Atatiirk'ii Anma, Genglik ve Spor Bayrami Kutlama Organizasyonlari

e Diinya Cevre Giinii Kutlama Organizasyonu

e Erciyes Universitesi Cocuk Hematoloji ve Onkoloji Hastanesi'nde 23 Nisan Kutlama Programi

e Kirsal Mahallelerde Sinema Gtinleri Organizasyonu

Sekil 10: Uluslararasi Asik Seyrani Kiiltiir ve Sanat Festivalleri Sponsorlugu

2.4.7. Spor Faaliyetlerinin Desteklenmesi ve Sponsorluklar

Oksiit Madencilik tarafindan yiiriitiilen spor faaliyetlerinin desteklenmesi ve sponsorluk uygulamalari,
Develi ilgesinde ¢ocuklar, gencler ve sporcular basta olmak iizere farkli yas ve sosyal gruplarin spor yoluyla
sosyal hayata katilimini artirmayi, saglikli yasam aligkanliklarinin gelisimini desteklemeyi ve yerel spor
ekosisteminin gii¢lendirilmesini amaglamaktadir. Bu kapsamda hayata gecirilen projeler, yalnizca sportif
basariy1 tesvik eden destekler olarak degil; ayn1 zamanda genglerin sosyal gelisimini, 6zgiiven kazanimini ve
toplumsal aidiyet duygusunu giiclendiren tamamlayici sosyal yatirimlar olarak ele alinmaktadir.

Spor alanindaki sosyal yatirimlar, Oksiit Madencilik’in toplumsal kalkinma yaklasimi dogrultusunda
kapsayicilik, siireklilik ve yerel ihtiyaglara duyarlilik ilkeleri temelinde yapilandirilmistir. Bu gercevede
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destekler; yerel spor kuliipleri, okul takimlar1 ve altyapi ekiplerinin yani sira bireysel sporcular1 ve farkli
branglarda faaliyet gosteren gengleri kapsayacak sekilde genis bir hedef grubu igermektedir. Sponsorluk
uygulamalari, sporun birlestirici ve doniistiiriicii giiciinden yararlanarak 6zellikle geng niifusun saglikli ve
iiretken bir yagam siirmesine katki sunmay1 hedeflemektedir.

Bu cercevede spor faaliyetlerinin desteklenmesi ve sponsorluk uygulamalari, Oksiit Madencilik’in sosyal
yatirim portfoyii iginde, uzun vadeli sosyal etki iiretme potansiyeline sahip bir miidahale alani olarak ele
alinmaktadir. Bu kapsamda hayata gegirilen proje ve faaliyetler;

e Yerel Takim Sponsorluklari (Voleybol, Futbol, Altyapi, Okul Takimlari)
e Maden Sektorii Etkinlik Sponsorluklar
e  Sportif Gelisim Basari ve Tiim Spor Faaliyetleri Sponsorluk Uygulamalart

Sekil 11: Yerel Takim Sponsorluklar: (Voleybol, Futbol, Altyap:, Okul Takimlary)

2.4.8. Bagislar

e Ramazan ve Kurban Bayrami Yardimlagsma Organizasyonlar1
e Ortak Kullanim Alanlari I¢in Kullanim Dis1 Yakacak Ahsap Bagisi Uygulamalari
e Deprem Yardim ve Bagis Organizasyonlari

Sekil 12: Deprem Yardim ve Bagis Organizasyonlar
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Sekil 13: Ramazan ve Kurban Bayrami Yardimlasma Organizasyonlari

3. Yerel istihdam ve Yerel Tedarik

Oksiit Madencilik, faaliyet gosterdigi bolgenin sosyal ve ekonomik kalkinmasma katki saglamay1
kurumsal oncelikleri arasinda konumlandirmaktadir. Bu dogrultuda ise alim siiregleri; seffaf, erisilebilir ve
yerel topluluklar1 Onceleyen bir sistematik ¢ercevede yiiriitilmektedir. Agik pozisyonlar oncelikli olarak
yerel gazeteler araciligiyla duyurulmakta; aday basvurulart 6zgegmis ve standart bagvuru formlari {izerinden
toplanarak Halkla Iliskiler birimi araciligiyla Insan Kaynaklar1 departmanina iletilmektedir. isletme
sahasinda yaklasik 1.400 kisiye istihdam saglanmakta olup, is giicliniin yaklasik %801 Kayseri ve Develi
bolgesinde ikamet eden yerel niifustan olugsmaktadir. Bu yapi, bolgesel kalkinma hedefleriyle uyumlu bir
istihdam politikasinin gostergesi olarak degerlendirilmektedir.

Sirket, yerel ekonominin gii¢clendirilmesini destekleyen bir tedarik zinciri stratejisi benimsemektedir. Bu
kapsamda tedarik siiregleri, miimkiin olan durumlarda yerel isletmeleri Onceliklendirecek sekilde
yapilandirilmaktadir. Kayseri’de faaliyet gosteren kiiciik ve orta olgekli isletmelerle kurulan dogrudan is
birlikleri araciligiyla bolgesel ekonomik kapasitenin artirilmasi ve istihdam olanaklarinin desteklenmesi
amaclanmaktadir. Bu yaklasim, yerel deger zincirinin gii¢lendirilmesine yonelik planli ve biitiinciil bir
kurumsal uygulama olarak konumlandirilmaktadir.

4. Sonuclar

Bu calisma, Oksiit Madencilik tarafindan Develi’de yiiriitiilen Oksiit Altin Madeni projesi kapsaminda
gelistirilen Sosyal Ydnetim Sistemi ve sosyal yatirim uygulamalarimi degerlendirmistir. Bulgular, madencilik
faaliyetlerinde siirdiiriilebilirligin yalnizca ekonomik performansla sinirli olmadigini; sosyal etkilerin
ongorilmesi, izlenmesi ve yoOnetilmesine dayali kurumsal bir ¢ergevenin belirleyici oldugunu
gostermektedir. Paydas katilimi, sikdyet yonetimi, topluluk saghigi ve giivenligi, gecim kaynaklarinin
desteklenmesi ve yerel istihdam uygulamalarini entegre eden yapi; risk temelli, 6lgiilebilir ve hesap verebilir
bir sosyal etki yonetimi modeli ortaya koymaktadir.

Sosyal yatirim stratejisinin hem faaliyet kaynakli etkilerin iyilestirilmesine hem de bélgenin uzun vadeli
kalkinma ihtiyacglarinin desteklenmesine odaklanan cift yonlii yapis1 dikkat cekmektedir. Saglik, egitim,
kirsal kalkinma ve kadinlarin ekonomik hayata katilimina yonelik projeler; yerel kapasiteyi giliglendiren,
sosyal dayanikliligi artiran ve sirket-toplum iliskisini ¢ok aktorlii bir is birligi modeline doniistiiren
uygulamalar olarak 6ne c¢ikmaktadir. Sonu¢ olarak bu oOrnek, madencilik sektdriinde sosyal onaym
stirdiiriilebilirliginin; katilimcilik, seffaflik ve kurumsal entegrasyon temelinde gelistirilen sistematik sosyal
yoOnetim yaklagimlariyla miimkiin oldugunu ortaya koymaktadir.
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Abstract

Today, mine closure processes are primarily treated as activities limited to technical and environmental
contexts, focusing on rehabilitation, decommissioning, and regulatory compliance. However, closure is also
a social process that reshapes livelihoods, institutions, regional relations, and the legitimacy of future
mining projects. This article argues that ethnography, which examines and explains social realities with its
unique qualitative research techniques, should occupy a more central place in mine closure planning.
Ethnography, particularly through participant observation and "thick description,” can reveal social
dynamics that technically focused closure models and standard participation tools often fail to capture. In
this context, this study develops a theoretically grounded and application-oriented argument for integrating
ethnography into closure planning in Tiirkiye, drawing on research on the social aspects of mine closure in
different geographies, mining anthropology, and social impact assessment. The article has three main
claims: First, mine closure should be understood not only as the end of production but also as a social and
political event. Secondly, the discipline of anthropology offers a particularly strong analytical perspective on
mine closure processes because it focuses on social and cultural contexts that may be overlooked in such
processes. Thirdly, ethnographic techniques can be transformed into closure-related outputs through three
different operational entry points: social closure reference points and criteria, stakeholder and land-use
scenarios, and early warning and adaptive management during demobilization. The article also proposes a
methodological design for closure planning based on ethnographic information and places this proposal
within the Turkish mining context, where the legacy of past closures shapes today's social licence. The
article concludes that ethnography can make closure planning more reliable, contextually sensitive, and
socially equitable, while also improving risk identification and interdisciplinary decision-making.

Keywords: Ethnography, Mine closure, Social Impact Assessment (SIA), Social License to Operate (SLO),
Social risk, Tiirkiye

1. Introduction

The “mine closure” process, considered the final stage of a mining project, is technically associated with
decommissioning, rehabilitation, accountability management, and regulatory compliance (Laurence, 2006;
ICMM, 2019). Within this framework, closure is generally treated as a matter of engineering competence,
with focus on issues such as slope stability, waste control, water monitoring, infrastructure decommissioning,
and post-closure landforms meeting approved criteria. While these considerations are undoubtedly crucial,
the fact that mine closure is also a socially transformative process that reshapes livelihoods, re-engines
political relations, redistributes uncertainty, and leaves behind environmental legacies that profoundly affect
the legitimacy of future mining operations is often overlooked in practice (Bainton & Holcombe, 2018;
Owen & Kemp, 2018).

Although this aspect is increasingly addressed in the literature on closures, it is also true that the social
dimensions of mine closures are still underdeveloped compared to their technical and environmental
dimensions. Bainton and Holcombe (2018) show that the current knowledge, practical guidelines, and
institutional capacity regarding the social aspects of closures lag significantly behind the resources allocated
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to physical rehabilitation and environmental management. While closure expertise is largely concentrated in
technical areas, equivalent competence remains unbalanced in areas such as workforce transition, post-
mining economies, stakeholder engagement, infrastructure continuity, housing, and long-term social futures.
Similarly, Demajorovic et al. (2022) state that although social awareness is increasingly rising on closures,
the environmental technical perspective still remains dominant, and social issues have only recently begun to
receive attention.

This imbalance has both analytical and practical consequences. Analytically, it reinforces an event-
oriented and technocratic understanding of closure as the controlled closure of mining. Practically, it
encourages the treatment of social concerns as a secondary, subordinate, or retrospective issue. Thus, social
issues are often included in planning only through limited procedural consultation processes or general and
generic socio-economic definitions, rather than through sustainable efforts to understand how mining
intermingles with household economies, regional perceptions, political authority, care burdens, informal
exchange, and perceptions of justice (Finucane, 2008; Owen & Kemp, 2018; Vanclay et al., 2015). As a
result, a persistent disconnect emerges between the technical performance of closure and the social outcomes
of closure (Bainton & Holcombe, 2018; Everingham et al., 2020).

This disconnect has significant consequences, particularly in contexts where mining projects are already
the subject of societal debate. In Tiirkiye, the most significant constraint on mining activities in recent years
has been a lack of social acceptance rather than physical or technical problems. Social acceptance has
become one of the most important conditions determining the feasibility of mining projects. Although this
issue is often addressed through the concept of "social license to operate" (SLO), this concept is still often
limited to the processes by which mining operations commence (Prmo & Slocombe, 2012; Demajorovic et
al., 2022). However, society does not evaluate mining projects solely based on existing benefits or current
interactions. Social acceptance also has a significant impact on evaluation and perception. Mining activities
alone, along with other investments in the surrounding area, form a cumulative impact that shapes the social
experience. The cumulative impacts of previous experiences, like unemployment, incomplete rehabilitation,
unmet compensation expectations, damaged livelihoods, and distrust of companies and institutions, become
part of the perceptional framework when evaluating new projects (Bainton & Holcombe, 2018; Owen &
Kemp, 2018). Therefore, closure is not contextually limited to the post-mining period. Rather, the
management of this process includes the period preceding the closure activities, and even, considering the
cumulative effect, the processes leading up to the commencement of operational activities.

Before managing the process of mine closure, it is necessary to detail the social structure and
relationships, and to determine a roadmap based on analyses of these outputs in order to understand the
existing social and cultural structure. In this process, conducting social research in the field of mining's social
impact is essential.

Social anthropology is the study of human societies, culturs and social life. Social anthropologists have
long emphasized that mining processes are not only technical and economic interventions, but also political,
moral, ecological, and cultural transformations (Ballard & Banks, 2003; D’Angelo, 2015; Golub, 2019).
Experiences in the social impact assessment (SIA) processes of hydroelectric power plant projects (HEPPs)
in Tirkiye show that when companies and state institutions evaluate social opposition in a narrow context,
solely within the framework of security or social engineering, the result is often a social conflict (Ozkan,
2014). However, evaluating social opposition from a holistic perspective allows for a better understanding of
the existing dynamics in society. Ethnography, a qualitative research method including deep, firsthand study
of cultures, societies or social groups, being the most important methodological approach of social
anthropology, possesses a unique tool for identifying lived, relational, and often "deep-seated" social and
cultural relationships and structures that are often overlooked by standard research tools.

In this context, the focus of this article is not only to advocate for a more “social” closure planning
approach in general, but also to demonstrate that the necessary input for this planning can be obtained more
comprehensively and holistically through ethnography. The article has four objectives. First, to show why
mine closure should be conceptualized not only as a technical process, but also as a social and political
process. Second, to strengthen the anthropological foundations of the argument by drawing on mining
anthropology, applied anthropology, and ethnographic studies on mining industries. Third, to propose a
methodological framework for closure-focused ethnographic research. Fourth, to offer a framework for
applying this approach in Tiirkiye in a way that is sensitive to both academic debates and the practical
demands of closure planning.
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2. Theoretical Background

2.1. Mine Closure Beyond Technical End-of-Life Models

A large part of the current literature on closure consists of engineering, environmental remediation, and
regulatory design issues (Laurence, 2006; ICMM, 2019). As a result of decades, even centuries, of mining
experience, it is natural that tools for physical rehabilitation, closure cost estimation, decommissioning,
monitoring, and relinquishment are relatively advanced. On the other hand, the social aspects of closure are
weakly institutionalized and theorized in an unbalanced way, and today the social cost of mine closure is
becoming increasingly important for the overall sustainability of mining operations. Bainton and Holcombe
(2018) show that the development of standards, guidelines and policy tools related to the social aspects of
closure is still in an early stage, and that universal standards and principles have not yet been fully reflected
in practice, revealing a clear asymmetry between the depth of the literature on physical closure and the
relative weakness of the literature on social closure. Demajorovic et al. (2022) similarly show that social
issues have only recently come to the forefront, and even then, environmental perspectives continue to
dominate.

This asymmetry reflects a deeper structural logic inherent in mining governance. In this logic, the mine
closure process is primarily perceived as a technical end-of-life issue (Bainton & Holcombe, 2018; Owen &
Kemp, 2018). Even when social issues are acknowledged, they are generally treated as a layer to be added to
an already established closure plan. Bainton and Holcombe (2018) note that companies tend to add social
considerations to existing technical-environmental planning processes in the later stages of the project
lifecycle, rather than incorporating the closure perspective into routine social performance analysis from the
outset. Social life is not a static reality. It is in a constant flux and does not follow a linear path unlike
engineering processes. Therefore, this perspective, adding the socal “issues” to esixsting technical and
environmental planning processes, weakens the capacity and possibilities to respond to social reactions
related to the closure process (Finucane, 2008; Vanclay et al., 2015).

Mine closures do not simply mean the end of production. From a social perspective, it is a process in
which different social dynamics evolve, and new forms manifest themselves in different structures. The
literature repeatedly emphasizes that understanding mine closures not as a singular stage of a linear process,
but as a holistic process, is the most accurate approach (Chaloping-March, 2008; Bainton & Holcombe,
2018). Mines can go through stages of maintenance and repair, temporary closure, transfer of ownership,
partial closure, decommissioning, or abandonment. The social perception and interpretation of these
professional processes, dominated by miners, can be quite different from that of the local communites. For
the local population, these institutional or regulatory distinctions are evaluated according to the material and
social realities that they entail.

This reconceptualization of the concept of mine closure has significant consequences. It means that
closure must be addressed from a historical, relational, and even political perspective, not just on a national
but also on a local level. Historical decisions, local relationships, past grievances, the withdrawal of the state
during the neoliberal process, and unbalanced development processes shape how closure is experienced and
interpreted (Bainton & Holcombe, 2018; Demajorovic et al., 2022).

2.2. Social License to Operate, Legitimacy, and Operation Termination

The concept of SLO is central to current discussions on mining governance, but its application to the
closure process is limited and partial. In most institutional and policy settings, SLO is associated with
operational legitimacy. In other words, the focus is on whether a project has sufficient trust, acceptance, and
local tolerance to continue its operations (Prno & Slocombe, 2012). However, communities do not recognize
legitimacy based solely on operational performance. They also evaluate a mine based on the expected
closure process.

Demajorovic et al. (2022) demonstrate that SLO, community participation, and vulnerability are
increasingly emerging as key analytical issues in the mine closure literature. Yet, the concept is still not
sufficiently developed in the context of mine end-of-life. Academic discussions point to the importance of
addressing not only the concept of SLO but also what could be called a “social license for closure.” This is
not merely a rhetorical extension of SLO and signals a significant shift in perspective. Closure is becoming a
test of the perception that a mining project has been terminated responsibly, burdens have been fairly
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redistributed, and a socially sustainable post-mining future has been ensured (Demajorovic et al., 2022;
Everingham et al., 2020).

This perspective also reveals why the sectoral legacy remaining from the closure process is important for
future projects. Communities do not evaluate new mines in a historical singularity. They interpret them in
light of cumulative experiences. Incomplete remediation works, unresolved compensation issues,
unemployment, abandoned infrastructure, destroyed landscapes, and distrust of institutions become elements
of reputational memory (Bainton & Holcombe, 2018; Owen & Kemp, 2018). In this sense, the performance
of closure becomes a socially accumulated archive of past corporate behaviors. This shapes expectations,
skepticism, and risk perceptions regarding current and future investments.

The legitimacy dimension of the closure process cannot be limited solely to regulatory compliance.
Formal approval of a closure plan does not automatically guarantee social legitimacy, or that the closure
process will be perceived as fair, credible, or socially acceptable. The key concept here is effective
participation, and meaningful monitoring at the local level, attention to social fault lines, and many other
factors are vital to the legitimacy of the closure process (Everingham & Mackenzie, 2019; Everingham et al.,
2020; Demajorovic et al., 2022). As Demajorovic et al. (2022) point out, effective participation requires not
only the formal inclusion of communities in decisions regarding land use and the post-mining future, but also
the strengthening of their capacity to participate technically and politically in these decisions.

2.3. Social Anthropology, the Mining Sector, and the Social Dimension of Closure

Social anthropology offers a unique conceptual framework for understanding why mining activities are
socially significant. At its most basic level, anthropology opposes reducing the mining sector solely to the
field of engineering. D’Angelo (2015) argues that mining cannot be adequately understood from a purely
technical or engineering perspective. Such a perspective can lead to ignoring the complexity of the social
relationships established around mines and their social, political, and economic impacts. Ballard and Banks
(2003) similarly emphasize that mining should be analyzed not as a neutral area of development or
production, but within the context of power relations, which are a field of deep conflict. In addition to this
debate in the literature, Ozkan's (2014, 2019) applied anthropology perspective emphasizes that development
projects only become socially understandable when local cultural norms, forms of authority, and patterns of
social organization are considered not as a byproduct of technical planning, but as a central element from an
analytical perspective, and opens up a discussion on the power of the ethnographic method in this context.

As Ozkan (2019) points out, ethnography is defined not only by a set of methods but also by a specific
field relationship based on “being there,” that is, physical presence, participant observation, and an
interpretive interaction with daily life. “Being there” remains one of the defining hallmarks of ethnographic
research.

As mentioned above, while closure is often treated as a matter of design criteria and technical
implementation, an anthropological perspective and ethnographic method question what social life forms are
constructed around mining activities, what kinds of dependencies and affiliations are formed, what claims to
land and belonging emerge, and how the closure process redistributes value, authority, and uncertainty
(Ballard & Banks, 2003; Golub, 2019; Welker, 2009). These questions redefine the closure process not
merely as an engineering process, but as a process of social reorganization.

Mining anthropology also highlights the disputable nature of mining worlds. Ballard and Banks (2003)
define mining as a field of “resource wars” where corporations, states, communities, and other actors clash
with each other through unequal power relations. Naturally, there is no innocent or homogeneous side in
these arenas. Encounters related to mining present a socially heterogeneous, politically fragmented, and
historically layered reality. Closure reproduces this complexity. Different groups within the same settlement
may have different interests and agendas regarding closure timing, layoff arrangements, land use,
environmental standards, compensation, or many other issues (Golub, 2019; Herman, 2010).

External intervention in a society or community can cause the re-formation and transformation of many
social formations. By its very nature, mining activities occur within the context of spatial fixation and, in this
context, create a significant vector effect on the transformation of communities adjacent to the mining site.
Golub (2019) shows that mining can change how people understand space, time, and themselves.
Environmental transformation can disrupt not only land use but also the perception of local history, sense of
belonging, and even moral systems. Studies on former mining towns show how mining areas are transformed
into emotional spaces (Everingham & Mackenzie, 2019; Jiskani et al., 2026). Closed mine sites are often
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spatial sources of evocative emotions such as grief, attachment, nostalgia, and resistance. These are not
merely emotional byproducts; they shape how people perceive the closure and imagine the post-mining
future.

From this perspective, mine closure is not simply a matter of transitioning from one economic situation to
another. It is also a process in which communities renegotiate their identities, memories, and the moral
meaning of the end of mining activity.

3. Ethnography and Mine Closure: Methodological Justification
3.1. Why Standard Participation Tools are Insufficient

Various tools are now commonplace in mine closure processes: public participation meetings, stakeholder
meetings, grievance mechanisms, household surveys, consultation minutes, and socio-economic reporting.
These tools are certainly not invaluable. However, at least in practice, whether created due to legal
obligations, at the request of funding institutions, or as part of the internal practices of the mining companies
themselves, these tools generally have a procedural format. Consequently, these tools are often more
successful in recording already expressed concerns than in identifying or predicting the social dynamics that
lead to the risk of closure (Vanclay et al., 2015; Vanclay & Esteves, 2024).

This is precisely where the importance of ethnography emerges.

Vanclay and Esteves (2024) define ethnography as an approach based on long-term involvement in the
daily life of a group, careful observation, reflective dialogue, and contextual interpretation. They warn that
without ethnographic work, impact assessment experts risk asking irrelevant questions in the local context
and receiving superficial or generic answers. Ethnography enables practitioners to understand which
questions are truly important in a given context, how affected groups interpret change, and what meanings
are attributed to project impacts. This is particularly important in mining environments where formal
stakeholder categories often mask internal social differentiation and inequality in exposure to risk (Ballard &
Banks, 2003; Herman, 2010). In his work, Ozkan focused on the practical strengths of applied anthropology,
arguing that local social and cultural patterns, informal leadership, and historically established authority
relations cannot be sufficiently extracted from desk assumptions or short-term consultations, but instead
require ethnographic interaction with the people who will actually live with the results of the project (Ozkan,
2014). As Ozkan (2019) takes it further, ethnographic fieldwork does not end with simply arriving in the
field. “Participant observation,” expressed as “being there,” is the dominant research technique of
ethnography and also requires penetrating the field, generating new questions as information accumulates,
and transforming observations into permanent written records that allow the researcher to revisit, organize,
and reinterpret social processes over time.

Participant observation and “being there” are vital in closure processes. Risks associated with closure
often don’t initially manifest as a formal complaint. They emerge in more diffuse and relational ways: A
rumor about being laid off, a contractor’s concern about increasing debt, an elderly person’s distrust of
rehabilitation promises, a woman’s increased burden of unpaid care after losing her job, a young worker’s
intention to emigrate, a local dispute over who will be entitled to the land in the future, an unspoken fear that
previous promises will once again not be fulfilled. Such developments may go unnoticed by formal advisory
systems until they escalate into conflict or closure (Everingham et al., 2020; Owen & Kemp, 2018).

3.2. Ethnography as a Situational and Introspective Method

The most distinctive feature of ethnography is that it is designed to understand social life in a processual,
contextual, and meaning-laden way. Ethnography progresses through tools such as long-term participant
observation, in-depth interviews, field notes, contextual reading, and continuous and iterative interpretation
(Vanclay & Esteves, 2024). Its power lies not in producing abstract, “representative” data detached from
context, but in observing how relationships, categories, and experiences are formed in practice.

Vanclay and Esteves (2024) emphasize that ethnography can reveal local values, power relations, social
differentiation, symbolic systems, and social spaces. Ethnography also has a reflective quality. Researchers
should pay attention not only to the participants but also to their own positions, ethical understandings,
access routes, and impacts in the field. This reflexive quality is important in environments where power
asymmetries are often profound and external researchers can be assessed through the institutional ties they
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carry (Ballard & Banks, 2003; Herman, 2010). Similarly, Ozkan (2019) emphasizes that ethnographic
competence encompasses more than just a method in a narrow procedural sense.

Ethnography offers at least five methodological advantages in terms of mine closure processes. First, it
reveals diversity within seemingly uniform communities. Second, it uncovers the informal institutions,
decision-makers, and hidden hierarchies that shape closure outcomes. Third, it traces how social meanings
are attributed to work, land, compensation, and future prospects. Fourth, it identifies power disparities and
unbalanced vulnerabilities within households and communities. Fifth, it can bring to light emerging risks
before they are formalized (Vanclay et al., 2015; Vanclay & Esteves, 2024; Everingham & Mackenzie,
2019). In addition, the ethnographer's craft relies on practical skills, particularly in relation to closure
contexts. This includes learning by discarding assumptions and judgments that may arise through prior
knowledge, adapting to uncertain field conditions, and systematically recording the material for later
interpretation and triangulation (Ozkan, 2019).

3.3. Applied Anthropology, Institutional Ethnography, and Participation Ethics

The ethnographic application in closure planning should not be confused with a naive or romantic defense
of localism. In this context, ethical discussions are one of the most important areas of debate in applied
anthropology, and mining anthropology, and specifically the evaluation of anthropology and ethnography in
the closure process, is not exempt from these discussions. As mentioned above, anthropological knowledge
and ethnographic data have the potential to provide valuable inputs for the development of different
institutional strategies. They can also provide highly valuable inputs for the mining context, where
institutional actors have a higher capacity to order, disseminate, and functionalize information (Ballard &
Banks, 2003; Welker, 2009). This is precisely why methodological reflexivity and ethical clarity are vital.

Herman’s (2010) corporate ethnographic study on mining and “community support” discusses how
categories such as support, consent, and local residency can be administratively managed to mask more
complex relationships of conflict and compromise. Therefore, an ethnographic approach to mine closures
should pay attention not only to community life but also to how corporations, consultants, and regulatory
systems classify and solidify community reality.

The practical power of anthropology lies in its capacity to identify the social and cultural conditions that
determine whether interventions will be successful or create unintended harm (Ozkan, 2014). The
anthropologist's advantage lies not only in access to the field, but also in their capacity to interpret local
culture, values, and social organization in ways directly relevant to impact assessment and project design.
Ozkan (2019) further expands on this point by emphasizing that ethnography cannot be separated from
accumulation of and craftsmanship: Ethnographic knowledge develops through repeated observation,
transforming the field notes into analytical texts, and the disciplined refinement of questions in the field. In
the mine closure process, this means moving beyond procedural consultation to a deeper engagement with
how the closure is actually experienced and negotiated. When used correctly, applied ethnography not only
improves communication but also enhances the essential quality, realism, and fairness of closure planning.

3.4. Result-Oriented Ethnographic Research Application

Ethnography, which focuses on "being there," is interpretive rather than statistical. However, because
ethnography, with its interpretive nature, is evaluated with a result-oriented approach, a series of analytical
processes are followed in interpreting and evaluating the obtained data.

The methodological structure proposed below points to a result -oriented ethnography. The logic of this
structure is also nourished by previous field experiences obtained from ethnographic SIA studies conducted
in Tirkiye. In these studies, field studies lasting one to three months were conducted to identify forms of
authority, land ownership, conflict memory, and social differentiation that are important at the local level and
are ignored by technically focused project planning (Ozkan, 2014). It is also nourished by Ozkan's (2019)
discussion, which considers ethnographic writing and field notes not only as tools for subsequent reporting
but also as constitutive parts of the field study:

1. Contextual and historical review: Compilation of local histories related to mining, previous closure
experiences, conflict processes, land ownership arrangements, and institutional trust relationships.
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2. Participant observation: Continuous presence in mining-affected communities and, where possible,
relevant institutional settings to observe how closure is discussed, anticipated, or becomes controversial in
practice.

3. In-depth qualitative interviews: Semi-structured and open-ended interviews with workers, former
workers, contractors, women, youth, seniors, landowners, local authorities, civil society representatives, and
other local actors.

4. Mapping household livelihoods: Analysis of how income, services, liabilities, and informal economic
flows linked to mining activities are integrated into household survival strategies.

5. Stakeholder and power mapping: Identification not only of stakeholders but also of internal
divisions, informal authorities, advocates (gatekeepers), marginalized groups, and unequal capacities to
influence closure decisions.

6. Narrative and discourse analysis: Paying attention to rumors, public narratives, expectations,
memory, and disputed meanings regarding compensation, rehabilitation, and the post-mining future.

7. Itirative feedback and triangulation: Providing feedback to participants on provisional
interpretations and triangulating between interviews, observations, documents, and planning records.

8. Layered field note practice: Maintaining draft notes, descriptive analytical notes, and reflective
writings to preserve empirical details, support ongoing interpretation, and separate observed processes from
the researcher's more personal reactions and judgments.

The methodological design proposed above aligns with the practical needs of closure planning in two
ways. First, it can provide a deeper foundation of knowledge than standard socio-economic profiling.
Second, it can transform ethnography into management-meaning outputs without reducing it to raw
consultation data. From a practical standpoint, outputs of such studies could include differentiated social
background information, locally based closure criteria, stakeholder scenario maps, vulnerability profiles,
participant monitoring indicators, and early warning triggers for adaptive management (Vanclay et al., 2015;
Everingham et al., 2020; ICMM, 2019). As Ozkan (2014) argues in the context of SIAs of HEPPs, while the
cost of such research is often marginal compared to total project budgets, its capacity to prevent avoidable
conflicts and misperceptions can make a significant difference.

For Tiirkiye in particular, such an approach would require sensitivity to regional differences, variations in
mining intensity, rural livelihood structures, expectations regarding employment and compensation, local
political mediation, and the collective memory of past mining and infrastructure projects. The aim is not to
universalize a single ethnographic template, but to establish a methodological rationale for how ethnography
can contribute to closure planning in socially intense and politically diverse contexts.

4. Closure-Focused Ethnographic Framework

Three operational entry points can be mentioned where ethnographic information can be integrated into
mine closure planning. These are:
-Social closure reference point and social closure criteria,
-Stakeholder and land-use scenarios,
-Screen alert and adaptive management during demobilization.
These entry points are considered not as separate stages, but as overlapping areas where social
information can shape the planning, implementation, and evaluation processes.

4.1. Social Closure Reference Point and Social Closure Criteria

The first starting point is the creation of a social reference framework specific to mining activities.
Traditional reference studies usually only present aggregate socioeconomic indicators such as population,
employment, access to services, education, and income. Undoubtedly, these indicators are of fundamental
importance, but they are not sufficient. They rarely reflect how mining is actually integrated into daily life.
These indicators do not adequately reveal how wage income circulates through kinship networks, how
contracting economies support local households, how gender-based workforce redistributes when wages are
cut, how entitlement expectations are formed, or how trust and mistrust shape interpretations of the closure
process (Vanclay et al., 2015; Everingham et al., 2020).

The literature on mine closure acknowledges the need for initial case studies and SIAs to address these
shortcomings. Bainton and Holcombe (2018) argue that initial case studies should help correct company-
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centric social risk models that prioritize risks to the success of the closure process while giving less
importance to the risks the closure poses to local communities. They also highlight the importance of tools
such as community sensitivity analysis, participatory multi-criteria analysis, and stakeholder mapping.
Ethnography deepens these tools by moving from descriptive profiling to contextual interpretation (Vanclay
& Esteves, 2024).

A community closure frame of reference supported by ethnographic data will reveal dependencies on
livelihoods, mobility patterns, social obligations linked to mining revenues, dependencies on services, local
political intermediaries, informal exchange systems, and histories of reconciliation with grievances. It will
also determine how different groups define a “good closure” and what kinds of outcomes they find fair,
reliable, or feasible. This distinction is particularly important because closure rarely affects all groups in the
same way or on the same timeline (Everingham & Mackenzie, 2019; Demajorovic et al., 2022). Previous
ethnographic SIA experiences in Tiirkiye reinforce this point. Seemingly insignificant or invisible social
structures, such as sub-tribal formations, land ownership histories formed according to topographical
diversity, or local associations, can be decisive for the legitimacy of the project when ethnographically
defined (Ozkan, 2014).

Such studies directly contribute to the criteria of social closure. The ICMM Closure Maturity Framework
identifies elements such as stakeholder engagement, post-closure land use, social and economic transition,
success criteria, and monitoring (ICMM, 2019). However, these frameworks fall short of specifying how
these criteria should be socially grounded. Ethnographic research can help determine not only which criteria
should be included, but also who will define these criteria and how they will be validated at the local level.

4.2. Stakeholder and Land Use Scenarios

The second approach point of the ethnographic framework in the context of mine closure concerns
stakeholder analysis and post-closure land use scenarios. In many closure processes, land use is treated as a
matter of technical planning in an almost entirely formal process shaped by environmental feasibility and
formal consultation processes. Anthropology reveals that this is insufficient. Land should not be considered
simply a neutral surface to be reallocated after mining. It is intertwined with the people living on it,
communities, culture, and, more importantly, current human relations, livelihoods, demographic data, and
many other social aspects (Ballard & Banks, 2003; Golub, 2019).

While Golub (2019) shows that mining transforms people's perception of space and time, D’Angelo’s
(2015) discussion on mining and the environment points to the multifaceted values attributed to landscapes,
waters, and lands. Closure planning that approaches the site solely from a biophysical suitability perspective
risks overlooking the social and symbolic significance of post-mining land use. Such omissions have the
potential to produce significant negative consequences.

Aware of these consequences, the practice of ethnographic scenario building aims to overcome these
challenges by posing more difficult questions than traditional consultation processes. By recognizing,
defining, and even attempting to understand the communities living on that site, it prepares input for the
creation of different scenarios, thereby enabling a process consistent with a call for participatory and locally
based future building in closure design (Everingham & Mackenzie, 2019; Everingham et al., 2020).

Research on former mining towns shows that infrastructure, degraded landscapes, abandoned facilities,
and settlement patterns continue to function as mnemonic and emotional landscapes. Attachment to the
place, nostalgia, grief, and solastalgia influence how communities address the post-mining future. These are
not merely emotional responses; These are situational forms of knowledge that shape political action,
resistance, and local legitimacy (Jiskani et al., 2026).

4.3. Early Warning and Adaptive Management During Demobilization

The third entry point is the closure phase, the period when the shutdown process becomes urgent in terms
of material and social aspects. This phase is generally a period when employment contracts end, supply
activities decrease, contractors leave, uncertainty increases, and tensions escalate. However, shutdown
monitoring systems generally remain heavily reliant on environmental and regulatory compliance indicators,
and their capacity to detect early-stage social tensions remains limited (ICMM, 2019; Everingham et al.,
2020).
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It should not be overlooked that social unrest is at a very high level during this process, especially since it
marks a transition period, and therefore a period of uncertainty. Ethnography contributes to this by making it
possible to detect weak signals within the community before they escalate into conflict or long-term harm.
Such signals include migration planning, household debt, changes in local governance, increased reliance on
informal economies, intra-family tensions, rumors about compensation or severance pay, social
fragmentation, appropriation of closure compensation by certain segments of the community, and re-
referencing past grievances. These are emerging dynamics that standardized monitoring systems often fail to
capture in a timely manner (Owen & Kemp, 2018; Vanclay & Esteves, 2024).

Demajorovic et al. (2022) argue that closure planning requires meaningful indicators in the local context
and that participatory monitoring is important in terms of both environmental and socioeconomic
dimensions. Ethnography strengthens this thesis, primarily because it helps determine what should be
considered a meaningful signal. Ethnography moves monitoring beyond administratively useful metrics to
socially meaningful metrics.

In this context, adaptive governance is not merely an administrative slogan. This concept implies that
closure teams are willing to revise sequencing, communication, support measures, land-use planning, or
monitoring priorities in response to ethnographic findings. The practical value of ethnography is most clearly
revealed here: It enables closure planning to respond to social reality as it develops, rather than after it has
been formalized as grievance, conflict, or failure.

5. The Importance of an Ethnographic Approach in the Mining Environment in Tiirkiye

An ethnographic approach is particularly important in Tiirkiye because social relations in mining areas
are rarely limited to formal stakeholder categories. Regional differences, rural livelihoods, kinship networks,
labor migration, local political mediation, land-use traditions, and informal authority structures shape how
mining projects are interpreted and discussed. Standard tools of participation can record formal opinions, but
often overlook the social fabrics where the risk of closure actually occurs (Vanclay et al., 2015; Vanclay &
Esteves, 2024).

In many regions of Tiirkiye, the social significance of mine closures may be linked not only to direct
employment in the mines but also to intertwined livelihoods in areas such as dependence on subcontractors,
seasonal and cyclical labor movements, local retail economies, transport links, expectations of reciprocity,
and agriculture, livestock farming, or small trade. Ethnography is particularly well-suited to tracing these
interdependencies. Furthermore, it can determine how the closure of the mine redistributes the burdens
within households, particularly along gender and generational lines, and what future different groups
envision after the cessation of mining activity (Everingham et al., 2020; Demajorovic et al., 2022).

The broader comparative lesson drawn from applied anthropology in Tiirkiye is also important in this
context. Ozkan’s (2014) social studies within context of HEPPs highlight that development projects often fail
when they disregard local social organization, informal leadership, historical land relations, and cultural
patterns. Using examples from Siirt, Corum, Giresun, and Kiitahya, he demonstrates that ethnography can
identify socially significant formations overlooked by routine consultation processes: Sub-tribal structures,
historically rooted basin conflicts, opposition shaped by cumulative impacts of previous projects, and
seemingly folkloric but politically influential organizations are examples of dynamics that can determine the
fate of local investments.

Similar dynamics apply to mining operations in general, and to mine closure processes in particular. Even
a technically competent closure process can lead to social conflict if it fails to understand how local support,
opposition, silence, or fragmentation emerges.

In Tiirkiye, closures should be considered not as an afterthought, but as a fundamental determinant of
trust. A technically sound but socially inadequate closure can deepen skepticism toward future projects while
failing to meet formal obligations. In contrast, a closure process that incorporates foundational studies based
on ethnographic information, differentiated stakeholder analysis, socially based land-use scenarios, and
adaptive monitoring is more likely to support a trustworthy transition. This is not merely a normative
argument; it is also a practical one. Ethnography can improve the quality of decisions by enhancing
understanding of local context-specific risks, expectations, and vulnerabilities, and reduce the likelihood of
foreseeable social harms translating into reputational, political, or financial liabilities (Owen & Kemp, 2018;
Everingham & Mackenzie, 2019; Jiskani et al., 2026).
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In this sense, ethnography should be seen not as an optional descriptive supplement, but as an integral
part of closure management.

6. Conclusion

The issue of mine closure is still very often addressed from a purely technical and environmental perspective.
However, the literature reviewed here clearly demonstrates that closure is equally a social and political
process. This process redistributes livelihoods, reshapes the future of the region, reveals institutional
weaknesses, and leaves memories that determine the legitimacy of future mining activities (Bainton &
Holcombe, 2018; Demajorovic et al., 2022; Jiskani et al., 2026). Therefore, the insufficient consideration of
the social dimensions of closure is not a minor deficiency. This is a structural weakness in current
approaches to mine closure.

This article argues that anthropology and ethnography offer a particularly strong response to this
weakness.

Anthropology helps to reconceptualize the concept of “closure” as a contested process embedded in
power relations, cultural meanings, spatial ties, and historical memory (Ballard & Banks, 2003; D’Angelo,
2015; Golub, 2019).

Ethnography provides methodological tools to investigate these dynamics not only as they are
administratively represented, but also as they are experienced (Vanclay & Esteves, 2024).

This allows closure planning to grasp pluralism within communities, identify hidden vulnerabilities,
understand how legitimacy is socially produced, and detect emerging risks before they escalate into formal
crises.

The article proposes a closure-focused ethnographic framework structured around three main headings:
the basic condition and criteria of social closure, stakeholders and land-use scenarios, and early warning and
adaptive management in the demobilization process. It also presents a methodological framework that will
enable this approach to be implemented in practice.

For Tiirkiye, where mining governance is increasingly shaped by social acceptance, such an approach is
particularly timely. The legacy of closures already influences how mining projects are conceived and
evaluated. Ignoring this fact weakens both planning and legitimacy. Therefore, the article's central argument
is quite clear. If mine closure is one of the moments when mining activities are most intensely assessed by
the affected communities, then closure planning must be capable of grasping not only the physical
consequences but also the social worlds that the closure disrupts, reshapes, and leaves behind. Ethnography
is indispensable for this task because it makes visible the lived realities where closures become either
socially credible or socially damaging.
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Abstract

The North-East Estonian oil shale region is entering a transition phase in which competitiveness increasingly
depends on the ability to retool industrial land, infrastructure, and capabilities into new value chains. This
study examines the role of technology/industrial park development as concrete mechanisms for economic
redevelopment and industrial symbiosis, focusing on opportunities in industrial areas of lda-Viru County.
The research asks how industrial parks with ready-made infrastructure and available plots can be structured
as “symbiosis-ready” platforms that accelerate investment decisions and enable cross-firm exchanges of
energy, materials, water, by-products, and services. The empirical basis is an opportunity mapping and
governance analysis built around an industrial park portfolio and its stated regional focus on manufacturing-
oriented investment attraction, including parks in Narva, Kohtla-Jdirve, Johvi, and Kivioli.

The analysis integrates stakeholder consultations to identify (i) infrastructure and capacity conditions that
matter for symbiosis (grid and substation capacity, potential direct connections to power generation, and the
availability of serviced land), (ii) anchor-industry and supplier opportunities (e.g., chemical and cleantech-
adjacent value chains), and (iii) governance/financing instruments that reduce transaction costs for co-
location and shared-utility investments, including incubator-type facilities.

The outputs are already in practice in the oil shale transition region: a set of park-level design principles for
enabling industrial symbiosis (tenant-mix logic, shared infrastructure, data and coordination mechanisms),
and regional development instruments can be aligned with industrial park development to deliver job-creating,
investment-ready post-mining redevelopment.

Keywords: Reindustrialising, Oil Shale, Industry Symbiosis

1. Introduction

The North-East Estonian oil shale region is entering a transition phase in which competitiveness
increasingly depends on the ability to retool industrial land, infrastructure, and capabilities into new value
chains. In post-mining settings, redevelopment is rarely a purely technical land-reuse exercise. It is also a
delivery challenge: whether a region can convert legacy assets into credible, investable opportunities that
reduce uncertainty for firms and accelerate decision-making under constraints related to time, capital intensity,
and multi-actor coordination. As industrial systems are reconfigured, the central question becomes how to
organise redevelopment to support both investment attraction and the long-term performance of the emerging
industrial ecosystem.

Technology and industrial parks provide a concrete mechanism to operationalise this transition by
packaging land, utilities, and administrative conditions into an “investment product.” However, parks designed
mainly for plot occupancy risk leave significant value on the table if they do not enable cross-firm integration
that lowers costs and increases resource productivity. This study, therefore, treats industrial parks not only as
sites for co-location but as platforms that can be structured to enable industrial symbiosis. Purposeful
exchanges of energy, materials, water, by-products, and services, when the enabling conditions are designed
and governed explicitly. In the following Figure 5 shows the North-East Estonian oil shale industry region.

* Veiko Karu e-mail: veiko.karu@ebs.ee
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Figure 1 Ida-Viru County
1.1. Post-mining transition and the regional competitiveness challenge

For transition regions, competitiveness is increasingly shaped by speed and credibility: how quickly sites
can move from “available land” to implementable, investment-ready projects, and how reliably utilities and
permitting interfaces support industrial operations. In the oil shale context, legacy infrastructure and industrial
capabilities may offer advantages, but these advantages are not automatic. They become economically
meaningful only when they can be translated into clear conditions for connection, scaling, and coordinated
development that match investor requirements.

A practical implication is that redevelopment strategies must address both asset configuration and
transaction costs. Even where physical assets exist, investments can stall if responsibilities, timelines, and risks
are fragmented across multiple actors. In this setting, the performance of redevelopment mechanisms should
be judged not only by plans and announcements, but by their ability to reduce early uncertainty and to create
repeatable pathways from interest to commitment and implementation.

1.2. Technology and industrial parks as a concrete redevelopment mechanism

Technology and industrial parks are widely used to support redevelopment because they can bundle
serviced land and access to infrastructure into a structured entry point for firms. For manufacturing-oriented
investment attraction, this bundling can shorten lead times by reducing the number of separate negotiations
required for land readiness, utilities, and administrative interfaces. In a transition region, that reduction in
early-stage complexity is particularly valuable because infrastructure conditions are often uneven and the costs
of misaligned assumptions are high.

At the same time, a conventional park model often focuses on land uptake rather than on system outcomes.
From a transition perspective, it matters whether co-location contributes to industrial renewal through shared
utilities, integrated services, and exchange opportunities. Not only whether plots are filled. This motivates a
shift in how parks are designed and governed: from passive real-estate offerings to active platforms that can
coordinate multi-firm development and enable deeper industrial integration.
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1.3. Industrial symbiosis and the meaning of “symbiosis-ready”

Industrial symbiosis describes mutually beneficial cross-firm exchanges of energy, materials, water, by-
products, and services, typically enabled by proximity and coordination. In principle, industrial parks are
natural environments for symbiosis because they concentrate firms and infrastructure. In practice, however,
proximity is insufficient: the implementation of symbiosis depends on whether the necessary conditions,
capacity, interconnection feasibility, information flows, and coordination mechanisms are in place when
decisions are made.

This study uses the term “symbiosis-ready” to describe industrial parks that are intentionally structured to
make symbiosis feasible and investable. Symbiosis-readiness is treated as a design target expressed through
three linked elements: (i) infrastructure and capacity conditions relevant to exchanges (including grid and
substation capacity, potential direct connections to power generation, and availability of serviced land), (ii) an
anchor—supplier opportunity logic that increases the probability of viable exchange relationships (including
chemical and cleantech-adjacent value chains), and (iii) governance and financing instruments that reduce
transaction costs for co-location and shared-utility investments, including incubator-type facilities.

1.4. Research question, empirical basis, and contribution

Study asks: How can industrial parks with ready-made infrastructure and available plots be structured as
“symbiosis-ready” platforms that accelerate investment decisions and enable cross-firm exchanges of energy,
materials, water, by-products, and services? The empirical basis is an opportunity mapping and governance
analysis of an industrial park portfolio in Ida-Viru County, including parks in Narva, Kohtla-Jarve, J6hvi, and
Kiviodli, complemented by stakeholder consultations focused on symbiosis-relevant constraints and enabling
conditions.

The contribution is applied and implementation oriented. Rather than proposing an abstract ideal for
industrial symbiosis, the study synthesises portfolio-level insights into practical park-level design principles
and enabling instruments to support investment-ready post-mining redevelopment. The aim is to provide a
structured way to connect infrastructure readiness, industrial opportunity pathways, and governance/finance
instruments into an actionable platform logic for transition-region industrial parks.

2. Materials and Methods

Ida-Viru Investment Agency (IVIA) is the regional investment promotion agency for Ida-Viru County in
northeast Estonia, where the Estonian Oil Shale industry is also located. As a public agency, IVIA promotes
the region to foreign investors to diversify the local economy and business environment and create new jobs,
an institutional mandate that directly aligns with the post-mining redevelopment challenge addressed in this
study.

IVIA’s core activity is the development of industrial parks across Ida-Viru County, with a stated delivery
pipeline of 300+ hectares of serviced industrial land in Kohtla-Jarve; Kividli; Jhvi, as shown in Figure 2 and
in Narva, as shown in Figure 3. In addition to industrial park development, IVIA implements other strategic
development projects, including a Digital & Multimedia Incubator with a film stage, the Narva—Olgina
Business Park with an aerodrome, and residential development initiatives in Johvi and Kohtla-Jarve. Activities
that together position IVIA as a central platform actor in the region’s economic transition. (IVIA 2026)

Given this remit, the empirical focus of the study is structured around the same industrial park portfolio
that IVIA develops and promotes. IVIA’s public-sector foundation model, established by the Government of
the Republic of Estonia together with the city/municipal governments of Narva, Johvi, Kohtla-Jarve, and
Kividli, also serves as a relevant institutional reference point for the governance analysis and stakeholder-
facing elements of the research design presented in the following subsections.
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Figure 3 Technology park in Narva (photo by Ida-Viru Investment Agency)
2.1. Study design and scope

The study uses an applied, design-oriented approach focused on industrial park development as a
mechanism for post-mining economic redevelopment. The unit of analysis is the industrial park as a platform,
understood as a bundle of land and infrastructure readiness, an investment attraction proposition, and a
governance arrangement capable of coordinating shared utilities and multi-firm development. The scope is
limited to industrial areas in Ida-Viru County with stated ambitions related to manufacturing-oriented
investment attraction and redevelopment in the transition context.

This approach is suitable because the question at hand is not only whether symbiosis is conceptually
desirable, but how it can be operationalised through park development choices. The paper therefore focuses
on identifying enabling conditions and instruments that reduce uncertainty and transaction costs, rather than
modelling a single industrial exchange in detail.
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2.2. Portfolio focus and case context

The empirical basis is built around an industrial park portfolio that reflects the region’s redevelopment
ambitions. The portfolio includes parks in Narva, Kohtla-Jérve, Johvi, and Kividli. This portfolio framing
supports a structured analysis of what “symbiosis-readiness” implies for parks that may differ in their
infrastructure conditions, development maturity, and investment positioning, while still operating under the
same regional transition context.

The portfolio perspective also aligns with the underlying redevelopment reality: investors and public actors
typically evaluate not a single site in isolation, but a set of options, and regional transition outcomes depend
on how these sites collectively support a pipeline of investable projects. For this reason, the paper treats parks
as components of a broader redevelopment system and asks what conditions must be present at the park level
for the system to generate symbiosis-enabled investments.

2.3. Evidence base: opportunity mapping, governance analysis, and stakeholder consultations

The analysis integrates three evidence components. First, opportunity mapping is used to capture how parks
position themselves for manufacturing-oriented investment attraction, including their emphasis on ready-made
infrastructure, available plots, and sector opportunity narratives. Second, a governance analysis examines how
parks can reduce transaction costs associated with co-location and shared-utility investments, including which
instruments are needed to coordinate multiple actors and reduce implementation friction. Third, stakeholder
consultations are integrated to surface the practical constraints and enabling conditions that are often decisive
in real investment decisions.

Stakeholder consultations are used specifically to identify infrastructure and capacity conditions that matter
for symbiosis and investment acceleration. These include grid and substation capacity, the feasibility of direct
connections to power generation, and the availability of serviced land. The consultations also help specify
anchor-industry and supplier opportunity pathways, particularly those aligned with chemical and cleantech-
adjacent value chains, and they inform which governance and financing instruments are most relevant for
reducing transaction costs in the regional context.

2.4. Analytical lens: operationalising “symbiosis-readiness”

To operationalise the concept of a symbiosis-ready park, the analysis focuses on three interconnected
dimensions derived from the research question. The first dimension is infrastructure and capacity readiness,
with particular attention to electricity capacity constraints and the availability of serviced land. The second
dimension is industrial opportunity logic, focusing on anchor industries and supplier ecosystems that can
plausibly support cross-firm exchanges. The third dimension is enabling governance and finance, focusing on
the instruments and organisational arrangements that reduce transaction costs for shared infrastructure and
coordinated development, including incubator-type facilities.

This lens supports a synthesis that is directly actionable for park development and regional transition
planning. Rather than treating industrial symbiosis as an abstract aspiration, the analysis identifies concrete
design and instrument choices that can be embedded into park development plans and aligned with regional
development instruments.

3. Results and Discussion
3.1. Symbiosis-relevant capacity conditions shape investment readiness

A central result of the analysis is that symbiosis-readiness begins with a small set of binding-capacity
conditions that shape both feasibility and the speed of investor decision-making. Grid and substation capacity
are particularly decisive because they affect whether energy-intensive manufacturing and process activities
can be hosted, whether connection timelines are predictable, and whether parks can credibly market their
readiness beyond generic “available land” claims. In a transition region where investor confidence depends on
delivery certainty, capacity conditions function as a primary filter for which redevelopment opportunities can
move from concept to investment.
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The feasibility of direct connections to power generation is another capacity condition that matters for
symbiosis, as it can shape how energy flows and how energy-related services could be configured across
tenants. Where direct connections are feasible, they can support more integrated approaches to energy supply,
shared infrastructure, and potentially more competitive operating conditions. The availability of serviced land
is equally critical because it determines how quickly tenants can establish operations and whether parks can
plan interconnections and utility corridors to avoid costly retrofitting later.

Together, these conditions indicate that parks become symbiosis-ready not through branding alone but
through credible, investable infrastructure readiness. Symbiosis-readiness, therefore, requires that parks
develop and communicate capacity conditions in a way that aligns with investment decision needs and with
multi-firm development pathways.

3.2. Anchor—supplier opportunity pathways increase the probability of viable exchanges

The opportunity mapping highlights the importance of anchor-industry and supplier opportunities as the
second pillar of symbiosis-readiness. Industrial symbiosis is more likely when parks are designed around an
ecosystem logic in which anchors and suppliers can co-develop, rather than around a purely opportunistic
tenant mix. In this portfolio, chemical and cleantech-adjacent value chains represent a plausible opportunity
space because they can connect to existing industrial capabilities while offering pathways for new
manufacturing-oriented investment.

The anchor—supplier logic matters because it links investment attraction to the feasibility of exchange.
Anchors can provide stable demand for utilities and services and can justify shared infrastructure investments
that would be too risky or too costly for a single tenant. Suppliers and adjacent firms can form complementary
demand profiles, creating opportunities for by-product exchange, shared services, and coordinated logistics.
In a transition region, this ecosystem logic also supports workforce and capability upgrading by creating clearer
clusters of competence development around identifiable value chain directions.

This result implies that parks should treat tenant selection and investment attraction as a design problem. A
symbiosis-ready park does not merely accept any tenant that fills a plot; it builds a coherent development thesis
around anchors, suppliers, and the exchanges and shared infrastructures that can make co-location
economically and operationally compelling.

NPM Narva (Neo Performance Materials, Canada) serves as a clear anchor tenant for Narva’s industrial
park offering, converting the park from a “ready land + utilities” proposition into a proven high-tech
manufacturing location. In Figure 4 the factory equipment is shown on the opening day in 2025.

The new 100 million EUR magnet factory in Narva Industrial Park, producing magnets for electric vehicles,
wind generators, medical devices and other applications. The plant began with test-batch production,
employing ~100 people from 14 countries, with expectations to grow to ~400 jobs in the coming years;
expansion could increase output from 2,000 t/year to up to 5,000 t/year, with a longer-term potential of up to
1000 employees. The investment also signals strategic relevance for European industrial policy, as previously
~90% of such magnets were produced in China, and the Narva plant is framed as reducing Europe’s
dependence on that supply. The factory received €14.7 million from the Just Transition Fund, and both park
leadership and company management explicitly link further growth to infrastructure conditions, particularly
energy availability, renewable supply, and price, as well as the importance of public—private partnerships to
accelerate additional production opportunities. (Kundla, 2025)
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Figure 4 Opening of the new NPM Narva magnet factory (photo by Sergei Stepanov/ERR)

3.3. Governance and financing instruments are required to reduce transaction costs

A third result is that transaction costs, coordination burdens, risk allocation, and financing frictions are
major determinants of whether symbiosis-enabled co-location becomes a reality. Even when exchange
opportunities exist in principle, they may not be implemented if no actor has a clear mandate to coordinate
shared investments and if no practical instruments exist to structure and finance shared utilities. For this reason,
governance and financing instruments are not “add-ons” but core components of symbiosis-readiness.

The analysis identifies the need for instruments that reduce transaction costs for co-location and shared-
utility investments. Such instruments include governance arrangements that clarify who can convene partners,
how decisions are made, and how responsibilities are allocated across public and private actors. Financing
instruments are needed to make shared infrastructure investable, particularly when it serves multiple tenants
and requires coordinated CAPEX decisions. Incubator-type facilities are relevant in this context because they
can reduce entry barriers for smaller firms and help create a pipeline of tenants aligned with the park’s anchor
strategy, thereby strengthening the demand base for shared services and utilities.

This result shifts the practical question from “What symbiosis opportunities exist?” to “What instruments
make those opportunities implementable?” In transition-region redevelopment, the instrument layer often
determines whether the region can move from planning to delivery.

The “incubator-type” facility in Ida-Viru County is IDA Hub (https://idahub.ee/en/). IDA Hub Film and
Multimedia Innovation Centre was founded by IVEK, IVIA and Tehnopol.

IDA Hub complements industrial-park redevelopment by building an innovation and SME pipeline around
digital and creative-economy solutions. Within IDA Hub, the Tehnopol Startup Incubator’s Film and
Multimedia Accelerator supports teams developing multimedia, VR/AR (virtual reality / augmented reality),
storytelling platforms and other digital solutions for the film and creative sector, combining a structured 7-part
training programme (business model, product/service development, legal, finance, sales/marketing, pitching)
with an individually assigned lead mentor, up to 30 hours of mentoring and access to a wider mentor network.
In Figure 5 the IDA Hub facility shows opportunities to develop cultural products from Ida-Viru County.

204



Reindustrialising the Oil Shale Mining Region: Designing Industry Symbiosis Readiness Industrial Parks Veiko Karu

Figure 5 Industrial landscape of Ida-Viru County give also cultural opportunities (photo by IDA HUB)
3.4. Park-level design principles for “symbiosis-ready” industrial parks

Synthesising the above results, the study proposes a set of park-level design principles that operationalise
symbiosis-readiness. Each principle is written as an implementation-oriented proposition that can be embedded
into park development and aligned with regional development instruments.

The first principle is to treat tenant-mix logic as a system design choice. Parks should explicitly pursue an
anchor—supplier ecosystem approach that increases the probability of viable cross-firm exchanges. This
requires that investment attraction narratives specify not only sectors but also the operational
complementarities that make co-location valuable, including potential energy, material, water, by-product, and
service exchanges.

The second principle is to prioritise infrastructure and capacity transparency as an investment acceleration
tool. Parks should develop a clear and investor-relevant articulation of grid and substation capacity conditions,
connection pathways, and the availability of serviced land. Because these conditions shape feasibility and
timelines, transparency reduces uncertainty and enables more credible engagement with manufacturing-
oriented investors.

The third principle is to structure shared infrastructure as a deliberate development pathway rather than an
afterthought. Symbiosis often requires shared utilities and interconnections, which are most cost-effective
when planned early. Parks should therefore incorporate shared infrastructure planning into their development
logic, including how multiple tenants could be served through coordinated upgrades and shared corridors.

The fourth principle is to establish data and coordination mechanisms that make exchange opportunities
discoverable and implementable. Symbiosis-readiness requires more than proximity; it requires a mechanism
for identifying exchange opportunities, clarifying feasibility conditions, and coordinating implementation steps
among multiple actors. Parks should therefore institutionalise a coordination role and a process for translating
opportunities into concrete, staged projects.

The fifth principle is to deploy governance and financing instruments that reduce transaction costs for co-
location and shared-utility investments. Without such instruments, multi-firm projects can stall at the
negotiation-and-risk-allocation stage. Parks and regional development actors should therefore use practical
vehicles and instruments to enable shared investments and accelerate implementation.

The sixth principle is to integrate incubator-type facilities into the symbiosis-ready platform. Incubators
and shared facilities can reduce entry barriers, increase the diversity and density of potential suppliers and
service firms, and support a tenant pipeline aligned with anchor strategies. In turn, this strengthens the demand
base for shared utilities and coordination mechanisms, helping parks evolve into functioning industrial
ecosystems rather than static real-estate offerings.
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3.5. Aligning regional development instruments with industrial park development

A final discussion point is that symbiosis-readiness cannot be achieved solely through park-level decisions
if regional development instruments are not aligned with park development needs. The analysis indicates that
regional instruments can be aligned with industrial park development to deliver job-creating, investment-ready
post-mining redevelopment. Alignment is especially important for infrastructure upgrading, coordinated
investment attraction around anchor—supplier ecosystems, and the governance and financing instruments
needed for shared utilities.

This alignment perspective reinforces the study’s platform logic. Industrial parks become effective
transition mechanisms when integrated into a regional redevelopment system in which infrastructure,
governance, investment attraction, and capability development reinforce one another rather than operating as
fragmented initiatives. In the context of the oil shale transition, this integrated approach is positioned as a
practical way to convert legacy assets into a forward-looking industrial base.

4. Conclusion

This study examined how technology and industrial park development can serve as concrete mechanisms
for economic redevelopment and industrial symbiosis in the North-East Estonian oil shale transition region.
The study asked how parks with ready-made infrastructure and available plots can be structured as symbiosis-
ready platforms that accelerate investment decisions and enable cross-firm exchanges of energy, materials,
water, by-products, and services. Using an opportunity mapping and governance analysis of an industrial park
portfolio in Ida-Viru County, covering Narva, Kohtla-Jarve, Johvi, and Kividli, and integrating stakeholder
consultations, the study identified three core elements of symbiosis-readiness.

First, symbiosis-readiness depends on infrastructure and capacity conditions that shape feasibility and time-
to-investment, particularly grid and substation capacity, potential direct connections to power generation, and
availability of serviced land. Second, it depends on an anchor—supplier opportunity logic that increases the
probability of viable exchanges, including chemical and cleantech-adjacent value chains. Third, it depends on
governance and financing instruments that reduce transaction costs for co-location and shared-utility
investments, including incubator-type facilities that strengthen tenant pipelines.

The main output is a set of park-level design principles that operationalise symbiosis-readiness through
tenant-mix logic, shared infrastructure planning, and data and coordination mechanisms, while emphasising
the need to align regional development instruments with industrial park development. These principles are
intended to support job-creating, investment-ready post-mining redevelopment by making industrial parks not
only places where firms locate, but platforms where integrated industrial systems can be built.

Acknowledgments

This research is supported by COST Action REMINDNET (CA22138), supported by COST (European
Cooperation in Science and Technology), funded by the Horizon Europe Framework Programme of the
European Union. REMINDNET network is looking at case studies of post-mining land use.

References

IVIA. 2026. Ida-Viru Investment Agency (IVIA), About Us, https://ivia.ee/en/about-us/ accessed 07.03.2026

Kundla, R. 2025. Canadian company opens new magnet factory in Narva, ERR, https://news.err.ee/1609807509/gallery-
canadian-company-opens-new-magnet-factory-in-narva accessed 07.03.2026

206



International Post-Mining Symposium IPMS 2026 / 15t European Conference on Post-Mining Activities ECOP 2026

Employment of Former Miners in the German Drilling Industry
Stefan Schiessl’

! Terrasond Holding GmbH, St.-Ulrich-Strafe 12 — 16, 89312 Giinzburg-Deffingen

Abstract

Over the past five decades, German drilling companies have hired former miners on at least three occasions
after the closure of major mining activities, which represents post-mining developments with positive effects
on labour transformation. Miners from the coal, uranium and ferrous as well as non-ferrous metal sectors are
highly skilled and well-educated workers. As a result, the drilling companies evolved from conventional well-
drilling companies into specialised companies offering services such as geotechnical investigations,
geothermal purposes, and special foundation engineering. Today, the future of the German drilling industry
appears very promising due to the requirements of the energy transition, infrastructure backlogs, and
assessment of geological risks related to climate change. In this study, the author, who was closely involved
in two of these transformation phases, provides insight into Germany's dual education system and other
vocational training instruments

Keywords; Labour transformation, Dual education system, Drilling companies

1. Introduction

Structural changes in the German mining sector during the second half of the 20™ century and the beginning
of the 21% century resulted in several waves of labour transition from mining into related industrial sectors.
Among the industries that benefited from this transition, the drilling sector occupies a particularly important
role. Drilling companies were able to integrate former miners due to their technical competence, practical
experience, geological background, and established safety culture.

Several historical developments that contributed the availability of qualified mining personnel for the
drilling industry are:

*  Coal crisis in 1958: This marked the beginning of a long-term decline for German hard coal mining.

*  Closure of Germany's two remaining hard coal mines in 2018: The gradual closure of hard coal
mines had taken place in the Ruhr area since the beginning of the coal crisis and the two remaining mines,
Prosper-Haniel in Bottrop and Ibbenbiiren, were shut-down at the end of 2018.

*  End of uranium mining in Eastern Germany: Following reunification in 1990, SDAG Wismut was
transformed into Wismut GmbH, owned by the Federal Republic of Germany.

These developments released large numbers of highly skilled workers into the labour market. Many of them
possessed competencies in drilling technology, geological interpretation, machinery operation, and safety
management, making them suitable candidates for employment in the drilling industry. Consequently, German
drilling companies were able to expand their activities from traditional water well drilling towards specialised
services, including geotechnical investigation drilling, geothermal drilling, environmental drilling, and drilling
related to special foundation engineering. Former miners contributed significantly to this technological and
organisational development.

2. Personal Experience in Vocational Training and Professional Development
My role as an instructor has involved in vocational training and professional development within the drilling

industry since 1998. Personal involvement in the education and qualification of drilling personnel has provided
first-hand insight into the transformation processes affecting the workforce.

* Stefan Schiessl, Tel: +49 (8221) 9649510 Faks: +49 (8221) 9649520
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Since 2001, I have served as an instructor within the German dual vocational training system, contributing
to the education of apprentices in drilling-related professions and additionally participated in examination
committees for apprenticeship training, responsible for assessing vocational qualifications and ensuring
compliance with nationally defined training standards.

During the most recent geothermal boom, I chaired an examination committee as second deputy chairman,
coordinating examinations and ensuring the quality and consistency of certification procedures. Furthermore,
I have organised and delivered training and continuing education courses for professionals within the drilling
sector.

3. The Dual Vocational Education and Training System in Germany
A distinctive feature of workforce qualification in Germany is the dual vocational education and training
system (Duales Ausbildungssystem). This model effectively combines practical training within a company

with theoretical instruction at a vocational school as shown in Figure 1.

Timeline of Apprenticeship

1-4 Months Probationary Period Il of e.xtended
fnal examination*

*extended final examination: the first part of the final examination takes place after about half of the apprenticeship, the second
part at the end.

Weekly Schedule

3 — 4 days/ week 1 - 2 days/week at vocational school or
at the company several weeks of block instruction

Figure 1: Dual vocational system schemata (BMBF, 2026a)

Typically, apprentices spend three to three and a half years acquiring professional competencies through a
structured training programme. Companies provide practical training, while vocational schools deliver
theoretical knowledge related to technical subjects, safety regulations, and industry standards. Upon successful
completion, apprentices receive a formally recognised qualification issued by the relevant Chamber of
Commerce and Industry as well as Chamber of Crafts.

In contrast to the dual vocational training system, training for certain professional fields takes place entirely
at technical schools or vocational colleges (Fachschulen or Berufsfachschulen). Therefore, these forms of
training are also referred to as full-time school-based vocational training. Additionally, there are special
formats such as the integrated dual study program, a combination of dual vocational training and a Bachelor’s
degree, or specific training programs for high school graduates (Abiturientenprogramme) in the retail sector.
These formats are specifically aimed at students with a university entrance qualification (Abitur). These
differences are given in Figure 2.

Historically, the dual system has ensured a high level of technical competence within German industries,
including drilling and geotechnical engineering. Many former miners transitioning into drilling companies
were able to complement their practical experience with formal qualifications through this system.

Despite the proven effectiveness of the dual education system, Germany currently faces a shortage of
applicants for vocational training positions, particularly in technically demanding sectors such as drilling,
construction, and geotechnical services as shown in Figure 3. This shortage poses a significant challenge for
maintaining the future workforce of the drilling industry.
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Figure 2: Dual vocational systems in Germany (BMBF, 2026)

Betrieb  Berufsschule Berufsfachschule

Skilled Construction Workers

Workers in core construction in main construction trades, number Civil Engineers
in 1,000s Number in 1,000s

Offene
Stellen
Arbeitslose
- Arbeitslose
Offene
Stellen

Figure 3: Employment and unemployment in the main construction trade (Bauindustrie, 2026)
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4. Vocational Continuing Education and Industry Associations

Beyond initial vocational training, continuing professional education plays an essential role in maintaining the
high level of competence required for drilling personnel. In Germany, such training including specialised
courses, seminars, and certification programmes is often organised through associations of the construction
industry and craft sector associations.

These initiatives address technological developments, new regulatory requirements, and emerging fields
such as geothermal energy, environmental monitoring, and advanced geotechnical investigations.

Despite the existence of multiple training providers and programmes, there is considerable value in
maintaining a unified and standardised training framework. A consistent curriculum helps ensure that
personnel across the industry possess comparable levels of knowledge and competence. Equally important is
the development of a standardised catalogue of examination questions. Such a catalogue should be designed
with appropriate pedagogical considerations and tailored to the specific target groups participating in the
training programmes, including apprentices, skilled workers, technicians, and engineers.
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5. Examination Committees in Vocational Education

A key component of vocational qualification in Germany is the examination committee system. These
committees are responsible for conducting final examinations and ensuring that professional standards are
maintained across the sector. To ensure a fair and comprehensive assessment, examination committees are
typically composed of representatives from three main groups:

*  Employers, representing industry interests and operational requirements

*  Vocational teachers and trainers, providing practical and theoretical expertise from the educational
system

*  Academic or scientific representatives, providing scientific and normative expertise

This tripartite structure ensures a balanced evaluation process that integrates practical experience,
educational methodology, and scientific knowledge. As a result, vocational qualifications maintain both
industry relevance and educational integrity.

6. Conclusion

The transition of former miners into the German drilling industry represents an important example of
successful labour transformation in response to structural economic change. These workers with mining
backgrounds have contributed significantly to the development of modern drilling services in fields such as
geotechnical investigation, geothermal energy, and special foundation engineering.

The German dual vocational education system, together with structured continuing education programmes
and the oversight of examination committees, has played a crucial role in facilitating this transition. However,
the current shortage of applicants for vocational training highlights the need for renewed efforts to attract and
retain young professionals in these technically demanding industries.

As the demand for drilling services grows, driven by the energy transition, infrastructure development, and
climate-related geological risk assessment, ensuring a well-qualified workforce will remain a key priority for
the future of the German drilling industry. Maintaining the standards of the German drilling industry will
depend on our ability to adapt our training frameworks to meet these future challenges.
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Abstract

Although the mining industry plays a fundamental role in modern society and the global energy transition,
mining frequently faces significant challenges in public perception. Current communication strategies
adopted by the mining industry globally often fail to effectively convey the necessity and benefits of mining,
resulting in mistrust, opposition, and a compromised social license to operate. This paper identifies systemic
failures in existing communication approaches, analyses the underlying causes, and proposes a
comprehensive "cradle-to-grave" communication framework. The framework emphasises the importance of
evolving communication from sharing dry technical data with local communities and society as a whole to
engaging empathetically/tolerantly, transparently, and proactively, using appropriate language and diverse
channels throughout a project's lifecycle. The advantages offered by mining companies in terms of
Corporate Social Responsibility (CSR) and its impacts on the local and wider community need to be
improved and developed. By adopting these strategies and project-specific innovative methods, the mining
industry can enhance societal perception, collaboratively secure its social licence, and ensure that its vital
contributions are recognised and welcomed in daily life.

Keywords; Communication, mining, society, language, environment, project-lifecycle

1. Introduction

The mining sector is an essential “pillar” of modern civilisation, providing the raw materials that support
virtually every consumptive aspect of our daily life, from infrastructure to advanced technologies. Although
mining professionals understand society’s needs and take pride in providing the essential raw materials that
society demands, the public's understanding and acceptance of mining projects are heavily influenced by
negative media coverage. Society's understanding of the essential role of the mining industry lags, creating a
significant gap in the industry's social license to operate. This paper identifies systemic failures in existing
communication approaches, analyses the underlying causes, and proposes a comprehensive "cradle-to-grave"
communication framework by highlighting its conceptual nature after some literature review.

The communication between professionals makes sense, but when the same message is pitched to
ordinary people, it fails to convey the intended message, “the important role mining plays to satisfy society's
demand for structure and technology,” to the intended social target groups.

As an example, a survey conducted across 32 countries by “Globe Scan” for “ICMM” in 2023
demonstrated the industry’s image in public perception (Globe Scan & ICMM, 203) (Figure 1). Respondents
were asked to consider mining in general, rather than focusing on specific activities in their country. The
survey results indicated that the public has poor perceptions of the mining industry, which remains a
persistent challenge for the sector in fulfilling its responsibilities to society, and the mining industry still
trails all other sectors tested (including oil and gas) in many countries.

While perceptions of the mining industry are largely negative, particularly due to environmental and
social concerns, it is essential to understand that people have not entirely written off the mining sector,
provided it can demonstrate improved performance and a more socially acceptable “face”. The public does
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not understand the mining industry's prioritisation of environmental management and the stringent
compliance with the IFC Performance Standards and the Equator Principles, which international lenders and
investors demand. This is a face of mining that is never presented as it would fall on “deaf ears”, meaning
the people do not want to hear it! It is more fashionable to criticise and join the bandwagon of “anti-mining”
strategies practised by the media and celebrities, which are often ill-informed and not objective.

The survey results also showed that nearly four in ten (40%) people across the industrialised world
believe mining companies are below average when it comes to fulfilling their responsibilities to society
(Figure 2a, Figure 3). Except for Chile, the mining industry is generally seen as among the lowest

performers of all 18 sectors tested when it comes to fulfilling societal responsibilities (Figure 2b).
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Figure 1. Public perception about the performance of industries in fulfilling their responsibilitie’)
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Figure 2. a)Public perception about the mining industry; b)Reasons why mining companies are below
average in fulfilling their responsibilities[1]
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Something that is not made clear is that the perception of mining is proportional to the contribution that
mining makes to the GDP or the economies of countries, and how many are actively, directly and indirectly
employed in mining. Countries like Australia and South Africa have a more informed impression of mining;
they still have levels of opposition, but the opposition is informed and understands the nuances of mining. It
is to these nuances that this paper is appealing to “inform” and communicate the important part mining plays
globally in sustaining public demand. Essentially, public demand is the demand for all products which are
manufactured or produced including all metals and minerals, they are mined because there is a demand — the
message is “don’t shutdown the supply, shutdown the demand” — stop buying jewellery, cars, mobile phones,
cameras, etc; subliminal message “don’t treat the symptom, treat the cause”.

However, another report conducted by CSIRO (Moffat et al., 2024) in 2024 based on a national survey on
Australian attitudes toward mining shows important shifts in public perception, with trust in the mining
industry in Australia improving from 2.8 in 2014 to 3.1 in 2024 (on a 1-5 scale), suggesting a more informed
public on “what mining does and is” and acceptance is also increasing on the access to critical minerals
being essential for achieving net zero emissions and mining being important element for the Australian way
of life and Australia’s future prosperity. However, despite strong support for mining, the majority still
perceives that mining has negative environmental impacts. Whilst the economic contribution of mining and
its importance in supporting the energy transition are widely recognised, building trust, ensuring fair
distribution of benefits, and actively engaging communities are key to maintaining the industry’s social
license (52% of participants agree that mining communities receive a fair share of benefits).

It is important to understand the demographics of public perception, where public opinion is often made
with minimal or tainted knowledge by those who do not have any direct or indirect reliance on mining and
have never lived near a mine or in a mining community. Whereas, within a mining community, the opinion
or question is not asked. This is not a balanced societal review or commentary, so there is minimal
communication between these sections of society.

Public trust in the mining industry in Australia is strongly linked to procedural fairness, with community
engagement and governance playing central roles in maintaining the industry’s social licence to operate.
This points to the growing importance of local mining communities working with the industry and holding
them accountable, reflecting a shift in public expectations around transparency and local involvement.
Another strong predictor of social acceptance is the extent to which the perceived benefits of mining (e.g.
economic value) outweigh its negative impacts (e.g. environmental impacts). As Australia’s mining sector
expands to meet the global demand for critical minerals, maintaining trust, actively engaging with
communities, ensuring equitable local and wider societal benefits, addressing local environmental concerns,
and highlighting mining’s role in the energy transition will be critical to its long-term success. The part
played by central and state governments is important to understand, politically mining is essential to GDP
and jobs, both critical elements for any government so the influence of mining is considerable in certain
states (Western Australia and Queensland) but less so in New South Wales, Victoria, Tasmania and Northern
Territory where mining has left legacies which from old mining initiative over 100 years old in most cases.
So, as with any industry, the youth, maturity, and old age have completely different situations and
understandings in the public perception. Youth = financial investment; maturity = sustained financial
benefits; and old age = clean-up!

Although Australia has had limited success in effectively conveying its positive message to society, the
data from the Globe Scan study highlights the urgent need for the industry to adopt and develop effective
communication tools.

2. The Strategic Priority: Effective Public Communication

Mining is the fundamental source of raw materials essential for nearly everything we consume, enabling
technological advances that shape modern civilisation. The public often overlooks the commonality of
mined materials, despite their undeniable presence in daily life and the fact that the public demand is what
drives exploration and mining.

Mining operates as the cornerstone of the supply chain for raw materials, providing essential resources
that are the basis of numerous fields and technologies. From the extraction of culturally and economically
important precious metals such as gold and silver, which are pivotal in electronics and jewellery
manufacturing, to the mining of industrial minerals like iron, coal, limestone, nickel, cobalt, aluminium
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(bauxite) and copper, which are critical for construction and electrical engineering, the breadth of mined
materials is vast and varied (Figure 4).

It is, therefore, no wonder that the list in Figure 4 contains very crucial materials in all aspects of societal
development, in particular those associated with the huge demand for batteries. It is also no surprise that
three fundamental commodities, coal, iron and cement making clinker, occupy the top of the list as they are
three critical ingredients in power supply and steel making and in construction, on which the industrial and
societal development is heavily dependent.

These resources in this list enable the development of innovations ranging from renewable energy
technologies, such as solar panels that rely on extracted silicon, and aeolians (wind mills), to the production
of batteries laden with lithium for electric vehicles and appliances (mobile phones).

Despite the integral role that these mined materials play across multiple sectors, their universality and
commonality often lead to a lack of public awareness regarding the specific processes involved in that they
are mined and the complexities surrounding sustainable mining practices. Acknowledging the importance of
these materials is crucial for fostering an informed dialogue about responsible sourcing and the long-term
impacts of mining on both the environment and society.

Global Commodity Production from Mines in 2023 (Tonnes)
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Figure 4. Global commodity production from mines in 2023 (from BGS, 2025)

Therefore, the language that the mining community uses becomes an essential ingredient in
communicating with the public. During this communication process, a structured framework is essential as a
useful tool to highlight the importance of mining.

This framework may include the following:

*  Pitching mining's indispensable role in modern life back to society,

*  Highlighting economic and societal contributions beyond extraction,

»  Identifying current communication failures in message delivery as early as possible,

»  Establishing a cradle-to-grave communication framework for every project, and

»  Establishing phase-specific communication strategies.

2.1. Pitching Mining's Indispensable Role and the Energy Transition: Examples from Daily Life

Mining plays a crucial role in supporting modern life, without receiving full recognition for its
contributions. Mining is the only way to provide the essential materials used in a wide range of products and
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technologies, from infrastructure, such as roads and buildings, to everyday consumer goods that drive
modern life forward. This sector provides essential materials that not only fulfil everyday needs but also
advance the global energy transition toward sustainable practices. Throughout our daily lives, the
widespread use of technology also underscores the extensive influence of mining. The buildings we live in
and work in, the cars we use, the infrastructure we take for granted, and the smartphones and laptops that
communicate and maximise our efficiency are just a small part of reality.

The development of technologies will always be based on terrestrial minerals (metals) until the time that
Artificial Intelligence (Al) can “manufacture” minerals from digital terrains! The cycle/circle is clear but not
conveyed to the public, and the public does not really care when they are in a buying frenzy for modern
technologies. It is the education of the public that communication is aimed at.

Beyond its practical benefits, mining makes a significant contribution to economic growth by job
creation, stimulating and contributing to local economies (medical, infrastructure, schools, etc) and supports
infrastructure development, ultimately enhancing the quality of life in local communities, thus impacting
directly and indirectly (workers and families as well as miners and suppliers/contractors).

From transportation systems reliant on mined metals and batteries to the electric grid that powers our
homes and businesses, the mining sector's contributions are evident across virtually every aspect of life.
Additionally, as the world transitions toward sustainable energy solutions, mining plays a crucial role in
sourcing the materials needed for renewable technologies, such as solar panels and wind turbines, as well as
the multi-metals used in batteries and cell phones. This development not only addresses environmental
concerns but also drives further economic opportunities. Acknowledging the indispensable nature of mining
fosters a more comprehensive understanding of its impact and value, especially in the context of current
societal challenges and sustainability efforts.

In summary, mining is a vital component of wealth creation and societal technological and financial
advancement. By providing the resources that fuel our civilisation, it enables progress and enhances our
ability to face future challenges. Highlighting this reality with examples from our daily lives will reinforce
the message about mining’s critical role in ensuring comfortable living conditions for society.

Although there are countless examples available to demonstrate the crucial role of minerals, the following
highlights just a snippet from some of the everyday items:

Smartphones are highly complex devices, embodying a remarkable concentration of diverse elements.
More than 50% of all components in a smartphone are derived from mineral commodities (Pitt, 2020).
Approximately 70 out of the 83 stable elements on the periodic table can be found in a smartphone, including
up to 62 different types of metals. The average weight of a cellular phone is estimated at around 100 grams.

Laptops similarly share many fundamental material characteristics with smartphones, being dense
concentrations of various elements. A typical laptop can contain over 240 different substances (Meskers, et
al., 2009) such as Al (54%), Cu (11%), Fe (11%), Mg (6%), Sn (4%), Ni (3%), Co (2%), Li (1%) and other
elements (Si, P, As, Ga, B, .Au, Ag, Ru, Zn, Ni, Pt, Ta, rare earth elements and many others).
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Figure 4. Elements used in smartphones and laptops (modified Meskers et al 2009, and from MCC, 1996)
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Household electrical devices represent a broad category of products, each with unique designs but
sharing common material dependencies. Steel is a pervasive material in large electrical appliances. The
outer casing and major structural parts of a washing machine and refrigerators are typically made of steel,
often coated with zinc for corrosion protection (AMP, 2025). Steel accounts for a significant portion,
ranging from 22 to 36 kg in a standard washing machine, making up 50-60% of its total weight, containing
mainly Fe, Al, Cu, Si (Sigiienza et al., 2021; Claudia and Chirara, 2024) and approximately 60% steel in
fridges. Stainless steel (an alloy of iron, chromium, and often nickel) is common in commercial refrigeration
for its durability and corrosion resistance. Cu is present in the electric motors and electrical cables of
washing machines. A refrigerator contains approximately 3% copper by weight 1. Al is found in smaller
quantities in electric motors and other lightweight components of washing machines. Refrigerators contain
about 3% Al by weight.

Buildings, ranging from residential homes to large commercial complexes, utilise a diverse palette of
materials, primarily derived from minerals, to achieve structural integrity, functionality, and aesthetic appeal.
As the most widely used material globally, concrete is a composite made from fine and coarse aggregates
mixed with a binder (cement) and water. It typically comprises 60-75% aggregates, 10-15% cementitious
material, and 15-20% water by volume. Cement itself is primarily produced from limestone (~80%) and clay
(~20%). Steel is extensively used for structural sections (reinforcing bars), roofing products (purlins and
cladding), internal fixtures (rails and stairs), and utilities (pipes). It provides high strength and durability.
One of the longest-lasting building materials, stone (e.g., sandstone, granite, marble), is used in walls and
flooring, while bricks are structural clay blocks. Glass is used for windows and flat glass. Aluminium is used
in various building components. Materials such as mineral wool insulation (29.3 MJ/kg) and fibreglass batt
insulation are used for improving thermal performance. A typical composition for the materials used in the
buildings is shown in Figure 5 (Lei, et al., 2023).

Significantly, the global push toward electrification and renewable energy has heightened the importance
of mining, making it critical for achieving climate goals and ensuring energy security. For example, 73% of
Australians, a nation reconciled with the mining activity, recognise that achieving net-zero emissions
requires increased mining activity.

Solar panels, wind turbines, and electric vehicles (cornerstones of a low-carbon future) rely heavily on a
consistent supply of minerals such as silicon, germanium, silver, copper, lithium, aluminium, nickel, cobalt,
and zinc. The World Economic Forum estimates that approximately 3 billion tons of metals will be
necessary to reach net-zero emissions by 2050 (World Economic Forum, 2020). This reliance underscores
that without foundational materials, technological innovation is stalled, and the transition to a sustainable
future becomes unattainable. The public's high awareness of the importance of these critical minerals,
coupled with 66% of respondents supporting streamlined regulations to expedite the renewable energy
transition, presents a significant opportunity for the industry to align its narrative with broader societal goals.
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Figure 5Average composition of material used in buildings(residential, office, commercial, and school)
(modified from Lei [9])
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Conventional motor cars are complex assemblies of hundreds of components, relying on a vast array of
materials containing predominantly metallic parts, typically accounting for 75-80% of their total mass. Steel
remains the most commonly used metal, comprising about 60-70% of an average car's weight (USGS, 2005).
The distribution of elements in a typical car varies depending on the vehicle type, fuel type, and other
characteristics. For a car with a mass larger than 1500 kg and an unknown engine size from the 2020 data,
the estimated total mass of selected elements is as follows (Lovik et. al. 2021), : Fe (Largest component,
primarily in steel and cast iron), Al (significant, especially in body, closures, and battery casings for electric
vehicles), Cu (found in wiring, electronics, and electric drive motors), Ag (present in electronics and power
electronics), Au (found in printed circuit boards), Pt, Pd, and Rhodium (Rh) (used in catalytic converters
for internal combustion engine vehicles), Neodymium (Nd) and Dysprosium (Dy) (found in permanent
magnets in electric drive motors), Mg (used in engine components, with lower amounts in electric vehicles),
Lanthanum (La) (present in catalytic converters), Si (found in electronics and semiconductors and glass).
Electric vehicles (EVs) generally contain more aluminium, copper, neodymium, and dysprosium due to their
batteries, electric drive motors, and power electronics. Internal combustion engine vehicles (ICEVs) have
higher amounts of iron and platinum group metals due to their engines and catalytic converters.

Roads are also fundamental to transportation networks, and their construction relies on a combination of
natural and engineered materials. Aggregates form the bulk of road construction. They include crushed rock
(limestone, igneous rock, sandstone) as the “hard core used in the road base” and natural sand and gravel,
which are heavily compacted before the application of the surface layers. Aggregates constitute the majority
of an ordinary densely graded asphalt mixture, typically 80-85% by volume. For the construction of 1 km.
1,600 tons of asphalt mix, 170 tons of black gravel (covered with bitumen), as well as 2,400 m* of white or
ordinary gravel and 2,500 m® of sand are consumed in Category II roads with asphalt concrete pavement 3,
The main use of crushed rock is as roadstone in road construction, accounting for 41% of total crushed rock
sold. Sand and gravel are primarily used for concrete (67% of total sand and gravel sold). Bitumen (Asphalt
Cement), a highly viscous binder, holds the aggregates together (Wikipedia, 2025a). Cement itself is
mined/quarried from limestone and crushed to a fine powder to mix with sand and aggregate to form
concrete.

Asphalt concrete pavement mixes are typically composed of 5-10% bitumen and 90-95% aggregates. A
high proportion of mineral powder (between 8-10%) is also used to create asphalt concrete layers with a high
modulus of elasticity. Recycled Asphalt Pavement (RAP) and Recycled Asphalt Shingles (RAS) are
increasingly incorporated into new asphalt mixtures. In 2019, new asphalt pavement mixtures in the United
States contained, on average, 21.1% RAP and 0.2% RAS (Wikipedia, 2025b). Steel slag (SS) is also being
explored as a partial replacement for conventional aggregates, with proportions varying from 2% for medium
traffic roads to 4-8% for heavy traffic roads, showing benefits in stiffness and rutting resistance. The sheer
volume of aggregates used in road construction, typically comprising 90-95% of asphalt concrete, highlights
their fundamental role. These materials, including crushed rock, sand, and gravel, are essential for providing
the structural backbone and load-bearing capacity of roads.

Ships are fundamental instruments to support the global economy by connecting the goods from where
manufactured/produced to the rest of the world
(https://www.marinetraffic.com/en/ais/home/centerx:20.7/centery:-9.6/zoom:2).  They are large, durable
vessels designed to withstand harsh marine environments, and their construction relies heavily on specific
materials chosen for strength, corrosion resistance, and weldability. Steel (and correspondingly Fe) is
overwhelmingly the most widely used material in shipbuilding, comprising about 86% of materials, whilst
the other essential components include non-ferrous material, minerals, and copper present in machinery and
cables, underscoring its foundational importance in maritime construction !¢, This extensive use
necessitates materials with high strength, weldability, and toughness, coupled with robust resistance to
marine corrosion.

The selection of specialised alloys, such as cupro-nickel (CuNiFer) for seawater systems and high-grade
stainless steel (Inox) for corrosive environments, highlights the critical need for materials that can endure the
harsh conditions of the ocean (Janin et al., 2016). This material choice directly impacts the vessel's lifespan,
maintenance requirements, and overall operational safety. The reliance on specific mineral imports, such as
nickel from Canada, which supplies roughly half of the United States' total nickel needs, illustrates the
geopolitical dimension of maritime construction (Baskaran, 2025). Nickel alloys are critical inputs for
defence and automotive industries, as is Antimony, which is used in armour plating for vehicles, ships, and
personnel equipment, as well as jet engines and missile casings (Baskaran, 2025). This situation emphasises
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the importance of securing diversified and stable supply chains for critical minerals to maintain national
security and industrial capacity.

Bridges are critical infrastructure components designed for long-term structural integrity and resilience,
relying on materials with high strength and durability. Steel is a primary material for bridges (structurally
and in wire ropes), valued for its high strength, durability, and relatively light weight, which allows for
lighter foundations and lower erection costs. Concrete is also extensively used in bridge construction,
forming foundations, piers, and decks. A typical concrete mix consists of 60-75% aggregate, 10-15%
cementitious material, and 15-20% water by volume (Caltrans, 2013). Cement itself is primarily composed
of limestone (~80-90%) and clay (~8-20%), with other components like silica, alumina, and iron oxides.
Aggregates for concrete include sand and crushed rock. The combined use of steel and concrete forms the
foundational material system for modern bridges. Bridges are designed for very long service lives, often
exceeding 75 to 100 years.

2.2. Economic and Societal Contributions Beyond Extraction

The impact of mining extends well beyond the extraction site, significantly contributing to socio-
economic development and the well-being of host communities and nations. These broader contributions are
often underestimated or poorly communicated, leading to a narrow public perception that views mining as
solely focused on extraction at the expense of nature and the environment.

In countries dependent on natural resources for their economy, responsible mining practices can
significantly reduce poverty and enhance social well-being, wealth creation, and quality of life.

The 2020 Mining Contribution Index (2020) provides scores and rankings that indicate the relative
importance of mining to the economies of various countries (Figure 6). It shows that many of the world’s
most mining-dependent countries continue to rely heavily on their natural resources as the primary driver of
economic activity. However, this index does not measure success. A country's relatively high position on
the index does not necessarily translate into broader economic and social benefits, as this outcome depends
on several other factors, with the quality of governance being a critical one.

Figure 6 Mining Contribution Index for the various countries’ economies [19]

In contrast, when countries are ranked solely on the monetary value of metals and minerals production,
the top-ranking countries are dominated by upper-middle or higher-income economies (Figure 7). Only 6
other countries — India, Indonesia, Philippines, Ukraine, Zambia (lower-middle income) and the Democratic
Republic of the Congo (low income) — feature in the top 20 countries based on production value.

The top 20 rankings have not changed significantly over the past two years, with Finland and Tiirkiye
dropping out of the list, replaced by Zambia and the Philippines. This highlights the reliance of low- and
middle-income countries on the mining sector. Among the top 25 ranked countries, 21 are also included in
NRGI’s Resource Governance Index. Of these 21 countries, 84 per cent were rated as weak, poor, or failing
by NRGI. This suggests that there is room for improvement in practices that could enhance the economic
benefits of mining, such as taxes and royalties, to support the achievement of the Sustainable Development
Goals.
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Figure 7. Top 20 countries ranked on the production value of metallic minerals and coal, and their MCI
ranking (produced from ICM data [19])

To support the above argument, for example, the resources sector in Australia generated A$271 billion in
export revenue in 2020, which was more than A$3 for every AS$5 raised, according to a Minerals Council of
Australia analysis of ABS figures (Bravus Mining, 2021). Mining accounted for more than 10 per cent of
the entire economy, the gross domestic product, making it the biggest sector of the national economy.
Through tax revenues, including A$15.2bn in state royalties alone, high wages and significant purchases of
high-value plant and materials, mining-related money is one of the positive impacts of mining that flows
through to people in our cities, small communities in regional areas, with services to assist everyone across
the country.

Responsible mining practices in low- and middle-income countries that depend on mining can be
transformative, leading to significant reductions in poverty levels and overall improvements in social well-
being!"”.  However, effective mineral resource governance is essential to ensure that mineral wealth
translates into broad-based economic and social progress. Thus, it is evident that more efforts are needed to
maximise mining's contribution to national economies. The MCI indicates that many low- and middle-
income economies continue to rely heavily on the metals and minerals sector both socially and financially.

In the meantime, the global integration that mining enables comes with vulnerabilities. Volatility in
commodity prices threatens stability in export-dependent producer countries and can have extensive global
economic consequences. For example, critical mineral prices have experienced substantial spikes and
increased volatility in recent years, with lithium, cobalt, and nickel prices soaring by 738%, 156%, and 94%,
respectively, between January 2021 and March 2022 (Bravus Mining, 2021). These fluctuations raise
concerns about their impact on the ongoing energy transition, highlighted by the 2021 reversal of long-term
cost reduction trends, with wind turbine and solar panel prices increasing by 9% and 16%, respectively (Tae
2022).

The influence of certain countries that have a monopoly on metals must not be underestimated. The rise
and fall of metals prices is critical to mining company economics, but the time lag between metals price
fluctuation and the impact on profitability is more or less immediate due to the nature of the price levels
agreed between buyer and seller. The costs of the seller do not fluctuate in line with the sales price, as
profitability is directly impacted.

Ericsson & Lof (2017) demonstrated in their study that there are 14 low-income countries, 33 middle-
income countries and 3 high-income countries among the 50 countries with the highest Mining Contribution
Index (MCI-Wr) score in 2016. This study showed that mining plays an important role, particularly in many
low- and middle-income countries. Among the top 20 countries, Congo (DRC) has the highest score,
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followed by Burkina Faso, Mali, Papua New Guinea and Eritrea. Chile and Australia show that, also in
some high-income countries, mining remains a vital part of the national economy. African economies
dominate among the top 20 countries, with 12 countries. The African mining vision of metals and minerals
as important parts of African economic and social development is clearly well-founded. The results of this
survey contradicted the widespread view that mineral resources create a dependency that might not be
conducive to economic and social development. One conclusion of this survey is that mining countries
perform better than oil-producing countries and non-mineral countries in Africa as measured by these indices
of human development and governance. The mining sector's contribution to global trade is also significant,
particularly for resource-rich developing countries. Many of these nations depend heavily on mineral
exports, accounting for 10-20% of their GDP and 50% of total exports (Ericsson & Lof, 2017).

The same message was accentuated in a World Economic Report in 2020 (2020), which analysed 163
industry sectors and their supply chains and found that over half of the world’s GDP is moderately or highly
dependent on nature and its services. Construction (US$4 trillion), agriculture (US$2.5 trillion) and food and
beverages (US$1.4 trillion) are the three largest industries that depend most on nature. Combined, their
value is roughly twice the size of the German economy. Such industries rely on either the direct extraction
of resources from forests and oceans or the provision of ecosystem services such as healthy soils, clean
water, pollination and a stable climate. Industries highly dependent on nature generate 15% of global GDP
(US$13 trillion), while moderately dependent industries generate 37% (US$31 trillion).

This report also found that many industries have significant “hidden dependencies” on nature in their
supply chain and may be more at risk of disruption than expected. For instance, there are six industries
which have less than 15% of their direct gross value added (GVA) that is highly dependent on nature, yet
over 50% of their supply chains' GVA is highly or moderately nature-dependent. These are chemicals and
materials; aviation, travel and tourism; real estate; mining and metals; supply chain and transport; and retail,
consumer goods and lifestyle.

Therefore, the mining industry is diversifying its commodity portfolio too. The share of coal producers
among the top 40 mining companies has decreased from nearly half in 2012 to just a quarter by 2022 (Owais
2024). This change is driven by climate change concerns and a rising demand for minerals essential for
clean energy applications, such as lithium, cobalt, and rare earth elements.

Electrification is becoming a key trend in mining, with OEMs developing hybrid and fully electric mining
machinery. This transition reduces maintenance, emissions, and noise levels and therefore reduces costs, but
increases power consumption. In return, the mining sector is increasingly adopting renewable energy
solutions to minimise its carbon footprint. Hybrid and standalone renewable energy systems are being
deployed to replace fossil fuels. Automation and robotics, such as autonomous trucks and drilling systems,
are becoming the norm by enhancing productivity and safety while cutting fuel usage and maintenance costs;
hence, legislation is needed to regulate.

For example, Australia is widely recognised as a global leader in the deployment and regulation of
autonomous mining trucks, particularly in the Pilbara region of Western Australia. The state has developed a
"Code of practice" for "Safe mobile autonomous mining in Western Australia,” which provides a legal and
regulatory framework for the use of autonomous vehicles in mines. This has allowed for the large-scale
deployment of autonomous haulage systems, with Australia having the largest population of autonomous
mining trucks in the world. While other countries like Germany have passed national laws on autonomous
driving for public roads, Australia's efforts have been specifically and comprehensively focused on the
unique environment of mine operations. Companies like Rio Tinto have been operating fully autonomous
iron ore transport in Australia since 2016.

Whilst technological development needs to be encouraged, the abilities of lower-income nations to be
able to support these developments are in question, as is the ability of the junior mining companies to afford
the increased costs of more advanced machinery with less “choice” in the level of technology.

Collaborative efforts among major mining companies, governments, and local communities can foster
economic growth while emphasising environmental stewardship and social responsibility. One of the most
substantial benefits is job creation. The mining industry requires a diverse workforce, encompassing
engineers, geologists, machinery operators, and support staff, offering both direct and indirect employment
opportunities. For every job at a mine, an estimated six additional jobs are supported in auxiliary industries,
including equipment manufacturing, logistics, and professional services. This job creation has a powerful
multiplier effect, stimulating local spending and benefiting various other sectors.
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The importance of the Junior mining companies must be understood; there are far more of these
companies that are the vanguard of mining developments, especially in the lesser-known mining jurisdictions
that foster the growth of technology in equipment, and themselves are often the target for the major
companies wishing to expand their portfolio of profitable assets.

Furthermore, mining operations are significant drivers of economic growth, contributing to GDP,
diversifying economies, duties and royalties, direct and indirect taxation, and enhancing productivity. These
operations generate substantial tax revenues for governments, sometimes accounting for 20-30% of total
revenue in resource-rich nations. The revenue generated, along with direct investments by mining
companies, often funds the establishment of vital infrastructure such as roads, schools, clinics, and housing,
improving the quality of life for community members.

A downside is that the governments of less developed nations can become dependent on the duties,
royalties and taxes levied on the mining companies, which do not always understand that a mining operation
has a definitive life and will at some point close.

The other benefits for the local economies include Infrastructure development in areas such as medical,
roads, schooling, public health and boosting local businesses. Mining is one of the driving forces behind
infrastructure development (constructing roads, bridges, ports, airports, housing, schools and health centres
around mining sites) in areas without any infrastructure, where improved living standards, as well as
integrating isolated communities into economic and social systems, can be achieved through the creation of
employment opportunities for the local population. Mining operations often serve as the economic backbone
of many local communities, particularly in remote or underdeveloped regions or economically inactive areas.
The influx of mining activities generates stable incomes and creates business opportunities, enhancing local
prosperity. Mining companies have a vested interest in the health and welfare of their staff and the local
communities to eradicate debilitating illnesses.

2.3. Current Communication Failures and Their Root Causes in the Mining Industry
Despite the critical importance of mining as discussed in this paper and the growing recognition of social
licence, the mining industry continues to struggle with effective public communication. These failures are
rooted in a combination of historical practices, a technical-first mindset, negativity from the media, global
negativity to mining and an underestimation of community dynamics and the digital information landscape.
In some cases, mining companies prefer to be seen and not heard, which is a policy to their own
detriment.

2.3.1. Social License to Operate (SLO)

The "social license to operate" (SLO) refers to an unwritten, dynamic agreement granted by affected
communities and stakeholders, indicating their acceptance and approval of a mining company's activities in
their area. It is not a formal permit but a crucial permission in determining a project's feasibility and
continuity, reflecting the community's satisfaction with community involvement in the company's plans and
operations.

The SLO is vital because non-compliance with social and environmental requirements can lead to high
costs for mining companies, jeopardising operations and possibly even resulting in their cessation of mining
activities. Without social acceptance, community resistance can manifest in detrimental forms, such as
protests, grievances, and lawsuits, which can halt ongoing operations. Public trust in the mining industry is
closely tied to procedural fairness, where community engagement and governance play central roles. This
means that communities expect their opinions and voices to be heard and to be respected, and to have
opportunities for meaningful participation in decision-making concerning the social impacts around the
mining operations.

The importance of local mining communities being able to hold the industry accountable and influence
government policy has emerged as a significant trust driver in the development of mining operations. This
reflects a shift in public expectations around transparency and local involvement, underscoring that an SLO
is not a one-time achievement but requires continuous effort and a transparent relationship between the
mining company and the community. The SLO acknowledges that while mining can provide economic
benefits, it also impacts living standards and conditions through environmental, social, and economic
changes, which may include addressing challenges such as increased immigration, difficulty in
homeownership, inflation, and effects on land, water, and food security. Gaining an SLO signifies that a
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company has genuinely addressed these concerns and earned the community’s trust, aligning with
expectations for economic legitimacy and fair benefit distribution.

2.3.2. Lack of Proactive and Early Engagement

A pervasive failure in mining communication is the tendency to initiate engagement too late in the project
lifecycle. Companies often begin dialogues after securing exploration permits or once development is
already underway. This reactive approach can be costly, as addressing opposition at later stages is
significantly more expensive than proactive engagement. The concept of "day zero" communication, where
engagement begins the moment a company enters a community, is crucial yet frequently overlooked 2%,
Strategic modus of engaging with the leading social authorities is the first important step towards achieving
the SLO.

However, engaging with the public at the early stages of project cycles was also recognised recently by
the latest draft edition of the Australasian Code for Reporting of Exploration Results, Mineral Resources, and
Ore Reserves International Committee (2025).

The latest version of this code states that Environmental, Social and Governance (ESG) factors must be
given equal prominence with respect to the application of the other Modifying Factors associated with
establishing the extent of resources that can be mined. This requirement does not presuppose mature
knowledge for early-stage projects and only requires available and relevant data to be considered, as is the
case for all the Modifying Factors. This is also the case for known environmental or social overlays that
would preclude further exploration and/ or development.

The average mining project takes approximately 15.5 years from discovery to production, with about 11
years allocated to discovery, exploration, and technical studies [27]. Li (2025) also noted that mines take
longer to come into production due to extended exploration, permitting, and financing processes, despite the
recent decline in construction time. All mining projects require an Environmental & Social Impact
Assessment (ESIA) to be completed, which outlines the responsibilities of the mining company and
identifies specific activities that must be addressed. Most important is the social aspect, which requires
community consultations on all aspects of the proposed mining operations. Without an ESIA, no mining
project will be allowed to be developed. When this extended development timeline is not effectively
communicated from the outset, communities can be caught off guard, leading to frustration and
disengagement. A fundamental flaw in the industry has been the historical focus on technical expertise
rather than social engagement. This lack of early and comprehensive understanding of a community's
historical context with mining, its values, and its concerns creates a conducive environment for opposition
and delays (Li, 2025).

2.3.3. Over-Reliance on Technical Jargon and '""Data Dumping"

Mining companies frequently overwhelm audiences with technical information that is not presented in an
accessible manner, a practice often referred to as "data dumping." Miners forget that what is important to
them is not necessarily important to the social groups, so styling the release on information that addresses
local requirements is an obvious tactic to be employed. Linguistic analyses of mining presentations reveal
that the average communication contains 23 technical terms per page that are unfamiliar to general
audiences, requiring a university-level education to comprehend (Zadeh, 2025). This immediate
disconnection creates a significant barrier to understanding and engagement.

The root cause of this issue lies in the industry's deep-seated technical expertise, where professionals are
accustomed to communicating with peers who share their specialised vocabulary and knowledge base.
However, this approach fails when addressing the broader public, who often lack the necessary context and
technical background. The consequence is an information vacuum, where companies fail to effectively
communicate their own narratives, allowing others, often with dangerous inaccuracies, to control the
narrative.

It is reasonable to conclude that the mining sector is ignorant of what the social groups need to know; this
has to be addressed, hence this paper.

2.3.4. Failure to Listen and Adapt to Community Feedback
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A significant communication failure occurs when companies either cannot or do not genuinely listen to
community feedback and adapt their plans accordingly. When communities feel that their concerns are
acknowledged but not acted upon, "meeting fatigue" sets in, resulting in disengagement after just three
interactions without visible follow-through. This transactional approach (where dialogue does not lead to
meaningful action) erodes trust and can swiftly escalate legitimate concerns into formal opposition, typically
within just 3 to 6 months.

It is essential to recognise that, while strategies and policies are crucial for mining companies,
communities often perceive them as obstructions. Therefore, it is vital to ensure that technical jargon is
minimised and simple language is used. Also, communities' requirements vary by region and country, so
“one solution fits all” has to be avoided.

Rigid project designs that neglect to incorporate community input encounter significantly more
opposition. This reflects a fundamental misunderstanding of the concept of social license, which relies on
two-way dialogue and a willingness to adapt practices in response to community concerns. Public trust is
closely linked to procedural fairness, meaning that communities expect their opinions to be valued and
genuine opportunities for participation in decision-making to be available. When companies fail to show
responsiveness, they risk losing the community's trust and, consequently, their social licence to operate.

2.3.5. Allowing Others to Control the Narrative

In today's digital age, both positive and negative news spreads rapidly, and a single incident can quickly
escalate across social media, investor forums, and news outlets before a company can formulate a response.
Mining companies can no longer presume they control the narrative. If they do not proactively tell their own
stories, others will, often disseminating dangerous inaccuracies. This creates a "silence spiral," where
unanswered stakeholder questions and information voids lead to growing resentment (Zadeh, 2025). For
example, many recent mine accidents and incidents around the world were also closely watched by millions
of people. Some of these accidents are listed in Table 1.

A lack of preparation, confusing information, and significant delays in providing timely updates can
result in widespread community anger and lead to an inquiry. In such situations, social media can fill the
information gap but may also contribute to confusion, where community-initiated social media groups can
emerge to share self-sourced information due to perceived inadequacy and untrustworthiness of official
sources. Trust must be earned daily through transparency, speed, and consistency, especially in high-risk
environments where regulatory scrutiny, environmental incidents, and political tensions can arise
unexpectedly.

Sharing information and building a reliable trust bank with key members of the local community is
essential so that any issues or misunderstandings can be mitigated quickly.

2.3.6. Misunderstanding Community Needs and Power Dynamics

Mining companies often approach relationship-building with local communities in a rather haphazard
manner, frequently overlooking reputational trends. Their communication efforts usually focus narrowly on
tangible benefits like jobs, contracting opportunities, or funding for community activities. While these
benefits are important, they often do not address the deeper, more complex needs and aspirations of affected
communities, in part because the community development is well in advance of what the mining company
has allowed for.

Communities in mining areas often face challenges such as rising immigration, difficulties in home
ownership, inflation, and concerns about land, water, and food security. Indigenous communities, in
particular, confront exacerbated issues due to historical marginalisation and profound cultural ties to the
land. An effective community relations program must prioritise these unique needs by conducting baseline
surveys, performing thorough research into community essentials, and creating plans to manage and address
them.

A significant barrier to effective engagement is the power imbalance between resource-rich mining
companies (often perceived as outsiders) and underserved communities, which may lack negotiation training,
funds for technical/legal advice, or adequate technology to advocate for their interests effectively. This
disparity can lead to communities feeling overwhelmed and seeking support from larger organisations to
level the playing field. Without direct engagement, involvement, and ultimately consent from Indigenous
peoples, mining projects are unlikely to succeed. The failure to conduct one-on-one conversations on the
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community's terms further exacerbates this misunderstanding, as many individuals may be reluctant to share
their views in group settings.

Table 1. Some major mine accidents captured the attention of the national/international audience in recent

years
Year Country Operation Comments

A collapse at Chile's El Teniente copper mine killed one worker and left five others trapped.
2024 Chile Copper The incident was attributed to a "seismic event," which may have been a naturally occurring

earthquake or one caused by mining activity.

A mine collapse at the Redwing mine trapped 15 miners, with their fate initially unknown.
2024 Zimbabwe Gold This incident drew attention to the risks faced by subsistence miners who often work in

unregulated, dangerous conditions.

A major landslide in February 2024 at a gold mine in Ili¢, Tirkiye, trapped nine mine
2024 Tﬁrkiye Gold workers. The landslide was of particular concern due to the risk of a "cyanide-spillage"

landslide impacting the surrounding environment adversely and causing health hazards.

A methane gas explosion at a coal mine in Tabas, Iran, killed 50 workers. The accident was
2024 Iran Coal linked to a lack of adequate safety standards, with reports indicating that workers had

previously alerted management to the smell of methane gas

A massive landslide at Xinjing Mine in Inner Mongolia killed 53 people. Investigations
2023 China Coal revealed that the accident was caused by illegal construction, reckless operation, and

inadequate supervision.

A fire in October 2023 at Kostenko Mine killed 45 miners, the country's worst mining
2023 Kazakhstan Coal disaster in its post-Soviet history. The incident led to the nationalisation of the company's

local affiliate and widespread criticism of its safety record.

2023 South Palladium A fatal accident in November 2023 at an Impala Platinum mine resulted in the deaths of 13
Africa workers, caused by a conveyance shaft failure.
A mine explosion at Amasra Mine in October 2022 killed 42 people and injured dozens
2022 Tiirkiye Coal more. The explosion was one of Tiirkiye's deadliest industrial accidents, and it led to public
outcry and a government investigation
2021 Russia Coal In November 2021, a methane explosion at Listvyazhnaya coal mine in the Kuzbass region

killed 51 people, including miners and rescue workers.
A large-scale landslide in July 2020 at the Hpakant Jade mining site in Hpakant killed
between 175 and 200 miners. The victims were largely "freelance jade pickers" who
2020 Myanmar Jade scavenge tailings from larger operators. This was Myanmar's deadliest-ever mining incident
and underscored the extreme dangers of the country's unregulated and informal mining
sector.
In May 2020, a methane explosion at the Grosvenor mine in Queensland seriously injured
. five people. The incident sparked a comprehensive investigation into the mine's safety
2020 Australia Coal practices, leading to significant changes in safety protocols within the Australian mining
industry.
While not a typical mine accident, the collapse of a tailings dam at the Corrego do Feijao
mine in Brumadinho, in January 2019, killed 270 people. The disaster released a massive
2019 Brazil Iron wave of mining waste, which buried homes, farms, and part of the city. The incident was one
of the deadliest industrial accidents in Brazil's history, drawing global attention to the risks
associated with tailings dams.
301 miners killed and 162 injured at Soma Mine. This made it the worst mining disaster in
Tiirkiye's history. A fire, which was reportedly started by an explosion in a power
2014 Tﬁrkiye Coal distribution unit, filled the tunnels with carbon monoxide and smoke. Most of the victims
died from carbon monoxide poisoning. The disaster happened during a shift change, which
contributed to the high number of workers underground at the time.
The Copiapd mining accident was a globally televised event that captivated the world for
over two months. The miners were trapped approximately 700 m underground. The rescue
2010 Chile Copper— involved three separate drilling teams, with international assistance, to create a shaft wide
Gold enough to pull the miners out. This was achieved by using a special capsule known as the
Phoenix capsule, which was winched down the narrow borehole to bring the men to the
surface one by one.
110 people were killed in the explosion of the Ulyanovskaya mine on 19 March. This made it
Russia's deadliest mining accident in more than a decade. A blast of methane gas/coal dust
caused the explosion. Investigations revealed that safety equipment, including CH4 sensors,
was deliberately tampered with to increase coal production. The first author of this paper
2007 Russia Coal and his team were also involved in inspecting the mine at the time the accident occurred,
in which a British colleague (lan Robertson) was killed along with the mine's senior
management. The disaster exposed systemic safety violations and a disregard for
regulations in the drive for production. The incident led to a public outcry and a criminal
investigation, which resulted in the dismissal of several mine inspectors and officials.
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This situation has been addressed by the international mining companies in the form of protocols and
policies, which require integration into the local community and engagement with local representatives as a
matter of course. The Junior mining companies tend to have a more conciliatory approach in that the owners
are often involved at the concept stage of the mine's development, and speaking to the “man” or “woman” is
seen as a positive by the community, as they can rightly expect actions to be taken in response.

2.4. A Cradle-to-Grave Communication Framework for Mining Projects

Effective communication for mining projects requires a strategic, integrated, and continuous approach
that spans the entire project lifecycle, from initial exploration to post-closure. This framework is built upon a
set of overarching principles and tailored phase-specific strategies designed to build and maintain the social
license to operate.

2.4.1. Key Principles for Effective Communication

Successful communication in the mining sector is not just about conveying information; it is about
fostering genuine relationships, building trust, and ensuring mutual understanding. Originally, the “Seven Cs
of Communication” were introduced in a book in 1952 (Cutlip and Center, 1952): Courtesy, Clearness,
Conciseness, Correctness, Concreteness, Consideration, and Completeness.

Despite the list being catered to improve professional communication skills, particularly within the
advertising industry and while some of the names have been slightly altered or replaced in modern
interpretations (for example, "clearness" is now commonly referred to as "clarity" and "consideration" has
been replaced by "coherence"), the fundamental principles remain a cornerstone of effective communication
in a wide range of business, marketing, and communication contexts. Presentations should avoid gimmicks
and automations as these detract from the messages being made and may be viewed with suspicion by the
local community.

The mining company must understand the goals of the communities that will be “touched” by the mining
operations, as there is often competition between villages for jobs and investment in infrastructure. The mark
of success can often be worlds apart between mining companies and communities, where success is
measured in livestock, not shares!

This list can be adopted into the mining projects in the following ways:

Clarity (Use of simple language): Avoiding technical mining jargon and engineering terms will help to
explain complex processes in a way that is easy for a non-professional person to understand. For example,
instead of using "...hydro-geological modelling..." in presentations, saying "...studying how the project
might affect local water sources..."” can make it more relevant. Stating the purpose of the communication
upfront and addressing the community's primary concerns directly, such as potential environmental impact,
job creation, and land use, will make the message more relevant for the audience to assimilate.

Conciseness (Sticking to the point): During community meetings, it is critical to focus on one topic at a
time. Providing short, digestible explanations rather than long, rambling speeches and using visual aids like
charts or simple diagrams, or videos will make the message more comprehensible. It is also essential to
appreciate that community members are volunteering to receive the message being delivered to them.
Keeping presentations brief and allowing ample time for questions and discussion will generate early
engagement in the process.

Concreteness (Provision of specific examples): Providing solid, concrete examples will enhance the
message's credibility by using relatable comparisons and focusing on a limited number of key points (no
more than four) to avoid overwhelming the audience. For instance, rather than simply saying, "... We will
protect the environment in our water processing..." it would be more effective to state, "... We will install a
water treatment plant that can process X litres per day to ensure all released water meets state
environmental standards...". This approach better conveys the message.

Correctness (Ensuring accuracy): Using verifiable data and facts (e.g., maps of the project area, figures
on potential job creation, results from independent environmental studies) will ensure the reliability and
positive outcome of the project. If a question is asked that you cannot answer, it is better to say, "...I/ don't
have that information right now, but I will find out and get back to you..." than to guess or provide incorrect
information. This will help to build credibility.
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Coherence (Structuring the message logically): Organising presentations and information packets
clearly will help to comprehend the narrative, such as starting with an overview, addressing concerns one by
one, and ending with a summary and a call to action. Maintaining consistency will also ensure that all team
members use the same information and key messages. A consistent message prevents confusion and shows a
unified front.

Completeness (Provision of all necessary details): Rather than withholding information, the provision
of a complete picture of the project, including potential risks and mitigation strategies, not just the benefits,
will portray the big picture. For example, including details on the reclamation plan for the site after the
mining is complete will help visualise the project’s final results. Ensuring that community members know
how to access more information, whether through a project website, a dedicated phone number, or a physical
community liaison office, will help build communication channels between stakeholders.

Courtesy (Listening actively and respectfully): To demonstrate respect, it is essential to actively listen
to the concerns and feedback of community members without interruption, as well as acknowledging their
points before responding, as their concerns are valid and arise from a legitimate desire to protect their homes,
environment, and way of life. Employing a respectful and empathetic tone in all interactions is non-
negotiable. Acknowledging their feelings and expressing gratitude for their input will effectively foster
understanding and empathy among everyone involved.

In addition to the key principles above, further core criteria should underpin all communication efforts.
Companies need to define their communication objectives and strategies as early as possible, even before
sending the technical crews for the field work. This includes setting specific goals for each interaction,
whether it is building awareness, correcting misinformation, or soliciting feedback. The selection of
communication channels should align with audience preferences, incorporating digital engagement options
such as video content and social media. Moreover, measuring communication effectiveness is crucial. This
includes tracking community sentiment through regular surveys, analysing media coverage to assess tone
and message penetration, and monitoring permitting success rates, as projects with strategic communication
often experience fewer regulatory delays. To transform mining communication from a reactive necessity
into a strategic asset, several overarching enablers are essential, beyond specific phase strategies. It is
important to ensure that there is an opportunity for community involvement in the meeting and presentation,
if only to update on previous discussions and key points raised by the community before.

Effective communication starts with a clear, informed plan. Crisis preparedness is a non-negotiable
component of strategic communication. This involves developing and rehearsing a crisis management plan
that outlines roles, responsibilities, and key messages. It is essential to acknowledge issues swiftly,
communicate empathetically to validate emotions, and provide regular updates. Companies should anticipate
backlash and foster a culture of transparency, ensuring that internal stakeholders are informed first, which
equips the team to support the message effectively.

Commitment and Early Engagement: Demonstrating a commitment to understanding and engaging
with the community should begin from "the project start day" as soon as a company is interested in an area.
This early dialogue enables companies to grasp the community's historical context with mining and manage
expectations regarding timelines, which is crucial given the average 15.5-year development period for
mining projects. Proactive engagement helps identify potential issues and opportunities before they escalate,
ultimately reducing future costs and conflicts. Sustained information sharing with the local communities is
essential, especially during the 15.5 average development period.

Transparency and Accountability: Open and honest communication is fundamental to building trust.
This requires addressing issues directly, sharing relevant information in clear language, and providing timely
responses to community concerns. Consistency in messaging across all communication channels is vital
since mixed signals can erode trust. Most importantly, companies must fulfil commitments made to
demonstrate reliability and accountability. In today's digital age, digital resilience, the ability to withstand
challenges, respond effectively, and recover, is crucial for any mining company committed to its future.
News, both positive and negative, spreads rapidly across social media, investor forums, and news sites.
Companies cannot assume they control the narrative; they must earn trust daily through transparency, quick
responses, and consistent engagement.

Therefore, consistent messaging across all team members is crucial to prevent contradictory information
that can lead to community resistance. Companies must clarify their key values and mission internally
before engaging externally, ensuring self-awareness and coherence in all communications. Establishing clear
communication channels, particularly during crises, is essential for a unified approach. A major barrier to
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effective communication is inconsistent messaging, often stemming from a lack of internal clarity and
training. Therefore, company-wide communication training is essential to ensure all team members,
particularly technical professionals, who frequently serve as the first point of contact with communities,
understand the social implications of their work.

A clear chain of command for communication is vital to prevent contradictory messaging and ensure a
unified voice. Employing dedicated community relations specialists who can engage directly with
community residents, access and interpret information, and act as a liaison can significantly enhance
communication effectiveness, especially during high-pressure situations. This recognises that operational
staff and communication departments in head offices may be remote from where emergencies and concerns
arise.

Inclusiveness vs “Us & Them” Mentality: Engagement should foster mutual respect, recognising the
rights, cultural beliefs, values, and interests of all community members, especially Indigenous Peoples. This
principle involves identifying and engaging a diverse representation of the community, including
marginalised groups, and creating appropriate opportunities for participation in decision-making processes.
Prioritising the needs and desires of Indigenous peoples, such as conducting baseline surveys and developing
plans to address community essentials, is fundamental to this principle. This may also require translators for
local languages, as the national language is not necessarily the one spoken locally.

The "us and them" mentality is a natural human tendency to categorise people into groups, leading to a
subconscious bias where one's own group is seen as superior and the "other" group as problematic or even
adversarial. In the context of large-scale projects like mining, this often manifests as a divide between the
company (the "them," often perceived as outsiders focused on profit) and the local community (the "us,"
protecting their homes, environment, and way of life). This polarisation is fuelled by deep psychological
needs for belonging, control, and meaning, which, if not channelled constructively, can lock parties into rigid
thinking, distrust and divergence

To bridge this divide and combat the “us & them” mentality and foster a collaborative environment,
several common measures can be adopted:

e Blurring the lines and finding similarities (seeking and highlighting common ground and shared
values),

e Emphasising shared identity (how the project's success contributes to the community's well-being, or
how the minerals extracted are essential for modern life that benefits everyone),

e Highlighting common goals/threats (identifying shared threats (e.g., climate change, economic
instability) or common goals (e.g., sustainable development, local prosperity, improved
infrastructure)),

e Cultivating empathy and perspective-taking,

e Active listening,

e "Walk a Mile in Their Shoes" (encouraging personnel, especially those in leadership and
community-facing roles, to develop empathy and compassion for the community's experiences and
concerns).

e Acknowledging historical context (recognising that communities may have historical grievances or
past negative experiences with mining or other large projects),

e Empowering collaborative governance and shared decision-making,

e Establishing inclusive structures (implementing collaborative governance structures that include
significant and diverse community representation, empowering community members in the decision-
making process),

e Joint problem-solving (shifting from an adversarial negotiation style to one of joint problem-solving,
where parties work together to generate creative solutions)

e Capacity building (supporting community organisations with strategic advice, financial support, and
technical training to help them participate meaningfully in consultations and level the playing field,

e Consistent, transparent, and responsive communication to combat the distrust inherent in an "us vs.
them" mindset,

e Openness (sharing updates, data, and explanations of decisions, even when difficult),

e Accountability (admitting mistakes and addressing shortcomings directly),

e Regular feedback loops (seeking feedback through surveys, forums, and one-on-one conversations
and visibly integrating this feedback into project plans).
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Dialogue and Responsiveness: Genuine two-way dialogue is essential, meaning companies should
prioritise listening over talking and ensure that the right people represent them in the meetings, i.e. they
listen properly. Additionally, understanding your audience is essential to ensure that the messages being
conveyed are those that are received. This involves seeking, listening to, and considering community
feedback and, most importantly, using that input to improve decision-making. Taking responsive action
following dialogue, such as adapting project plans based on community input or providing proactive
infrastructure support, is critical to preventing "meeting fatigue" and building credibility.

2.4.2. Phase-Specific Communication Strategies for Mining Projects

Effective communication should adapt to the evolving needs and concerns of communities throughout the
different phases of a mining project’s lifecycle.

In today's digital landscape, companies are finding innovative ways to enhance engagement and
transparency. One effective approach is through the use of digital platforms. By maintaining an active
presence on social media networks like Facebook, LinkedIn, and Instagram, businesses can share updates
and interact with community members in real-time. This presence not only allows for immediate feedback
but also helps companies monitor social media hashtags and mentions, enabling them to identify trends and
quickly address any misinformation or negative perceptions that may arise.

Moreover, visual communication has become a powerful tool for conveying complex technical
information. Companies are increasingly transforming this information into accessible insights through
infographics, charts, graphs, and maps. By utilising both static and interactive tools, businesses can facilitate
data exploration, pattern recognition, and effective information dissemination, ultimately promoting more
informed decision-making among their stakeholders.

Additionally, the integration of real-time data and dashboards plays a crucial role in modern business
communication strategies. Companies are leveraging communication mining tools to extract valuable
insights from various channels, including emails, social media, and customer feedback. This approach
allows organisations to gauge public sentiment, track service demand, and pinpoint opportunities for
improvement. It is important not to overstate the audience in the context of what they know or do not know,
or what they want or do not want. As a result, they can generate real-time statistics and alerts to monitor
channel performance and identify potential risks before they escalate. This proactive stance not only fosters
transparency but also strengthens the relationship between companies and their communities.

Facts and data alone often fail to emotionally engage audiences and foster lasting trust. Storytelling is a
powerful tool for shaping public perceptions, building brand identities, and creating connections. When
conveying the relatable narration, it is important to tailor the story to the knowledge level, needs and interests
of the audience. Keeping it simple and focusing on a clear, straightforward narrative that avoids jargon and
overly complex explanations will deliver the message more effectively. Emphasising conflict and resolution
will provide a structured approach to the solutions by presenting simple graphs, charts, and images that
support the narrative and illustrate and reinforce the key points. It is vital that any image or graphic is
explained for what it demonstrates.

2.4.2.1. Exploration & Prospecting (Discovery to Resource Statement)

The initial phase, from geological exploration to defining a mineral resource, is critical for laying the
groundwork for a strong social license. The primary aim is to build initial relationships, gather baseline data
on the social landscape, and manage community expectations regarding the long development timeline.
Engagement should commence the moment a company enters a community, rather than waiting until permits
are sought. This includes understanding the community's historical context with mining and its unique social
and economic environment.

In the process of comprehensive stakeholder mapping, it can become clear that identifying all relevant
parties, including the local population, local businesses and their associations, recreational groups, and
historical societies, is essential. Understanding the information sources these groups rely on provides
valuable insights.

As the initiative evolves, one-on-one conversations emerge as a vital strategy. These discussions take
place beyond the confines of public meetings; instead, opportunities are created for individuals to share their
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thoughts in a setting and at a time that suits them. This approach allows for a deeper understanding of the
community’s priorities and needs.

Conducting baseline surveys and research further enriches the dialogue. Comprehensive investigations
into community essentials such as housing conditions and shortages, infrastructure development, and access
to medical services highlighted pressing issues that require attention. This groundwork lays the foundation
for developing informed plans to address these concerns. To facilitate ongoing communication and
connection with the community, the establishment of local information offices becomes a priority. These
offices, staffed with local individuals, can foster a consistent dialogue, allowing residents to engage
continuously and feel heard. Through these efforts, a more collaborative and informed community
partnership can start to thrive.

2.4.2.2. Planning & Evaluation (Technical Studies from Scoping to Feasibility Study)

This phase involves detailed technical and economic assessments of the project's viability, and
communication needs to reflect this increased specificity. The objective here is to share detailed project
plans, gather specific feedback on potential impacts and proposed mitigation measures, and demonstrate how
community input will genuinely influence decision-making.

The strategies may involve many measures to address the local communities' concerns. For example, the
community advisory committees/reference groups can be established as formal forums where community
representatives, industry experts, and company representatives voice concerns, share ideas, and actively
contribute to the decision-making process. Visioning processes engage communities in collaborative
exercises to envision post-mining land uses and long-term benefits, incorporating diverse knowledge and
values into planning. Social Impact Assessments (SIA) for mine closure can be conducted with a specific
focus on the social implications of mine closure from the outset, ensuring that community input plays a vital
role throughout the assessment. Transparent royalty and benefit-sharing agreements can also be
implemented with profit-sharing models and community benefits agreements (CBAs), which ensure
communities receive a fair and proportional share of benefits from resource extraction. These agreements go
beyond regulatory minimums and address community-identified issues. Project adaptations can demonstrate
responsiveness by visibly altering project plans based on community input.

This phase proves critical for demonstrating procedural and distributive fairness, which serve as key
drivers of public trust and acceptance. Companies show that community input is not only collected but
genuinely considered and integrated into project design.

2.4.2.3. Construction (Site Preparation to Commissioning)

This phase marks the physical onset of the project, resulting in immediate, tangible changes to the local
environment and community. The objective here is to manage immediate impacts (e.g., noise, traffic,
population influx), provide regular updates on progress and timelines, and proactively address emerging
concerns.

Many strategies can be adopted for this phase. For example, regular, proactive updates provide consistent

information on construction milestones, potential disruptions (e.g., blasting schedules, increased traffic), and
safety measures through multiple channels (e.g., newsletters, community meetings, dedicated hotlines, social
media). Addressing local impacts can involve acknowledging and communicating plans for mitigating
specific impacts such as noise, dust, and truck traffic. Proactive infrastructure support can involve an
investment decision and communicating support for community infrastructure that may be strained by
population influx, such as schools, healthcare facilities, and housing. Informing the employment
opportunities to the local communities and contracting updates can improve the relationship with the
community to demonstrate tangible economic benefits during this active phase.
This phase tests the commitments made in earlier stages. Consistent, transparent communication, combined
with visible actions to address concerns, is essential to maintain the trust established and to prevent
opposition. Developing a two-way street is crucial to structured and sustained communications. Allowing
flexibility in communication meetings with communities is important as it presents a little informality and
can be expected to result in open and frank discussion.

2.4.2.4. Operations (Steady-State Production)
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The operational phase is often the longest, spanning decades, and requires sustained, long-term
relationship management. The objective here is to maintain long-term positive relationships, continuously
demonstrate ongoing benefits, proactively manage issues, and articulate the broader societal contributions of
the mined materials.

Strategies may include many project-specific measures. For example, a well-planned continuous
community engagement programme is to maintain established engagement channels (e.g., community
committees, information offices) for ongoing dialogue, feedback, and issue resolution. Sustainability
reporting should transparently disclose efforts towards sustainable practices, including environmental impact
assessments, community development programs, and initiatives to minimise carbon emissions and promote
renewable energy sources. A proactive crisis management plan should include robust crisis communication
plans, including clear roles, responsibilities, and key messages, to address any incidents swiftly and
empathetically. Regular updates and accountability are crucial during crises.

Showcasing broader societal contributions, such as how the extracted minerals contribute to modern
technology, healthcare, and infrastructure, connecting the mine's output to everyday products and global
advancements, should be regularly communicated back to the community and society.

Mining companies can also use digital marketing to improve their public image. Campaigns could
highlight the essential role of minerals in everyday life and for a low-carbon future. Marketing efforts can
also emphasise environmental stewardship, safety, and community benefits. Companies can use various
channels, from social media to SEO, to showcase their technological advancements, philanthropic
contributions, and commitment to sustainable and responsible operations. The marketing concept should
embrace the involvement of the community to demonstrate collaboration.

Mining companies often engage in community development projects, including education and training, as
a part of their CSR. This can include sponsoring local events, building infrastructure like roads, or supporting
health and education initiatives. However, research suggests that communities often feel they do not benefit
proportionally from mining operations and may lack a voice in how these programs are run.

The mining industry has been known to fund local arts and sporting events to support the local
communities. While these initiatives are often framed as community support, some critics argue they are
primarily used to gain a "social license to operate" and improve the company's reputation. This demonstrates
the complexities of relations between the mining company and the local community and the level of
understanding of the local communities.

Museums are also a common way to showcase the history and importance of mining. The Ruhr Museum
in the former coal washing plant on the Zollverein World Heritage Site in Germany, the Zonguldak Mining
Museum, Cankiri Salt Rock Mine Museum in Turkey are some good examples.

3. Discussion/Conclusion and Recommendations

The ongoing communication gap between mining companies and the public represents a significant
strategic challenge that directly affects the industry's social license to operate and its ability to contribute
effectively to global development and the energy transition. Analysis indicates that this gap arises from a
combination of late and reactive engagement, an over-reliance on technical jargon, a failure to understand the
local community genuinely, and therefore a lack of listening and adapting, as well as an inability to
proactively manage the narrative.

In mining projects, a different range of experts (e.g., from engineers and geologists to machinery
operators and support staff) is involved in the projects, and they also interact with the local population daily
as a part of their operating roles. Therefore, visible leadership is essential in communication at grassroots
levels whilst conducting professional duties. Hence, the training aspect is essential for all experts interfacing
with the local community.

Another aspect is the continuity of the individuals who are regularly visible to the local population.
Change of personnel at the company level, who do not understand the local dynamics and will take time to
grasp these dynamics, may also cause additional frictions and resentment. Local communities typically want
to see one champion from the company side who understands their needs.

To bridge this divide and encourage societal acceptance of mining's necessity, a fundamental shift in
communication philosophy is essential. This shift requires moving beyond mere transactional information
dissemination to a relational, empathetic, and continuously engaged approach that encompasses the entire
project lifecycle.
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Another avenue is to learn from the Australian population’s attitude to mining, where the public
perception is generally positive and balanced because it is engaged and informed . The CSIRO survey
highlighted that trust elements towards mining include:

consistency over time in the relationship levers (i.e., trust in the mining industry acting responsibly
increases, hence the acceptance),

procedural fairness (i.e., community members feel the mining industry listens to and respects
community opinions, is prepared to change its practices in response to community concerns and
provides opportunities to participate in decisions about mining, hence more community trust in the
mining and acceptance of its activities),

confidence in governance (the capacity of governments, legislation and regulation, to hold the
mining industry accountable and ensure it operates in line with its obligations),

environmental impacts (e.g., the more negative environmental impacts Australians associate with the
mining industry, the lower their trust in it),

confidence in local mining communities to hold the industry accountable and influence mining-
related government policy,

and distributional fairness (e.g., Australians feel their country and the communities directly impacted
by mining receive a fair share of the significant benefits generated by the mining industry).

Considering the aforementioned discussion, the mining industry needs to adapt to the modern era by
employing different tactics and strategies to convey the message on the necessity of mining to society.
Therefore, the industry is in a transitional phase to position and prepare itself strategically for Industry 4.0.

As the mining industry is global, we need to check what has worked and not worked for others and learnt
from the mistakes and positive outcomes. A good communication network is essential to tap into each
other’s experience pool. If necessary, a talented communication team needs to be engaged by the industry
representatives to figure out how to communicate with society at the global and local levels, understanding
what the idiosyncratic requirements of specific communities are.

Some of the recommendations for the mining sector to communicate better with the public are:

Global/Wider Level:

Constant advertisement campaigns through traditional venues (radio, TV, printed media) and social
media outlets (Facebook, Instagram, BlueSky, X, Telegram, TikTok, LinkedlIn, etc.) to highlight the
necessity of mining for our daily lives.

Appointing celebrities, public, and industry faces to promote mining actively,

Financing movies, TV series, theatre pieces and documentaries promoting a mining storyline,
Emphasising the relatable narrative message back to the society that the mining industry is an
essential part of the local community and national economy to break the “us vs them” mentality,
Being visible in public forums, panels to advocate for the mining activity,

Participating in the public debates constructively and collaboratively to engage with the mining
opponents,

Rather than being confrontational, emphasising the necessity of mining and recognising the impact
generated by the industry and highlighting the mitigation measures actively taken against these
impacts regularly (the showcase examples to be demonstrated constantly),

Humanising the industry through personal stories (featuring mining professionals and their
motivations) to connect with the public. Proactively managing the narrative and leveraging
storytelling will help them to tell their own stories accurately. This will lead with compelling
narratives that humanise the industry, emphasising the perseverance, scientific investigation, and
personal stories behind mining projects.

Connecting the dots between mining, everyday products, and global advancements, illustrating
mining's indispensable role in modern life, technology, and the energy transition, will highlight the
importance of the industry in everyday life. A great example of this is the Mining Magazine of
Tiirkiye’s junior edition, which is distributed free of charge to primary schools.

Promoting mining through sponsorship of bursaries for education and training for talented
individuals and local communities to upskill the current workforce and attract new talent. Programs
can also focus on partnering with and providing education to Indigenous/local communities.

231



Appropriate Communication and Engagement for Mining Projects from Cradle to Grave Hakan Arden Kahraman vd.,

Exclusive galas, sponsoring major art and sporting events attended by local and national celebrities,
public figures, reality stars, industry leaders and politicians to improve the industry’s image and
promote mining and its positive contribution regularly.

Providing financial support and sponsorship for the local mining/geological museums to improve
visibility and acceptance,

Plain language in all communications, but avoiding technical jargon.

Local Level

Preparation of an engagement and communication plan for the company personnel to use throughout
the project should be in place for the project.

Building internal communication capacity and alignment will establish clear lines of communication
and ensure internal alignment to prevent inconsistent messaging, which significantly erodes public
trust.

Implementing company-wide communication training, particularly for technical professionals, to
equip them with the skills needed to engage effectively with diverse public audiences. Training and
visible leadership in communication at the grassroots levels should be provided for all front-line
personnel. It is imperative that all team members, particularly technical professionals, understand
the social dimensions of their work.

This training should go beyond just conveying facts and figures; it needs to equip personnel with the
skills to translate technical jargon, practice active listening, communicate empathetically, ensure
consistent messaging, understand local dynamics, visible leadership, set the example (i.e., leaders
"walking the wellness talk" or engaging directly with communities sets a powerful example for their
teams), empower staff, prioritise community relations (by incorporating community engagement
metrics into key performance indicators (KPIs) and discussing them in safety briefings, leadership
signals that effective community interaction is a core business responsibility).

Prioritising early, continuous, and inclusive engagement and communication from the project “start
day”, initiating dialogue as soon as a company enters a community.

Making sure that all essential paperwork, permissions, licensing documents, personnel documents
(driver's licence, car registration documents, company appointment letters, etc) and necessary
approval procedures from both local and regional authorities to mobilise the technical crews to the
field are in place before the team is on site.

Through one-on-one conversations, conducting comprehensive stakeholder mapping to identify all
affected groups, including indigenous and local communities, and tailoring engagement methods to
their unique needs and preferences are critical to establishing a positive relationship and
communication process.

Fostering genuine two-way dialogue by actively listening and acknowledging legitimate concerns
rather than dismissing them, and demonstrating responsiveness by adapting project plans based on
community feedback to achieve a higher persuasiveness rating.

Continuity of personnel interacting with the local community to ensure that the community's desire a
consistent "champion" from the company side. Frequent personnel changes can indeed cause friction
and resentment, as they disrupt the trust and understanding built over time, since the understanding
of local dynamics takes time. New personnel, unfamiliar with the local context, history, and specific
community dynamics, will take time to grasp these nuances. This learning curve can lead to
misunderstandings, repeated questions, and a perception that the company is not genuinely invested
in the relationship. Communities often feel that their concerns are not being adequately addressed
when they have to re-explain issues to new contacts. Therefore, providing a consistent point of
contact serves as a stable, familiar face for the community, fostering trust and a sense of reliability.
Dedicated roles like Community Liaison Officers (CLOs) are critical for providing this much-needed
continuity. CLOs act as a primary point of liaison between mine operators and local communities,
managing relationships with residents, landholders, businesses, and organisations. Building long-
term relationships will provide effective community engagement in the long term. Trust is
established through transparency, open communication, and consistently delivering on commitments.
When personnel change frequently, this continuous relationship-building is undermined.

Investing in plain language and visual communication is paramount. This will act as a "translation
tool" for technical information by contextualising data and breaking down complex numbers into
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relatable comparisons. Eliminating industry jargon in public-facing communications through
prioritising visual communication (infographics, charts, videos) will ensure that content is accessible
to a general audience to enhance comprehension and retention of complex information.

e If necessary, presenting the mine project and all auxiliary components in a model printed on a 3D
printer should help to visualise the project for the local population. Alternatively, the use of reality
augmented glasses may also help to visualise the project components and impacts.

e Engaging local communities in marketing initiatives so that they can be seen taking part and
contributing to the overall mining ethos.

By strategically integrating these communication principles and practices throughout every phase of a
mining project's lifecycle, the industry can evolve from merely obtaining permits to genuinely earning and
sustaining its social license to operate. This proactive, empathetic, and transparent approach is not just a
public relations exercise; it is a strategic necessity for mitigating risk, fostering societal understanding, and
ensuring the long-term viability of an industry crucial to global progress.
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Abstract

Mining is a sector that utilizes non-renewable natural resources, and the technologies applied during ore
production can lead to significant degradation across three main components: the physical, biological, and
social environment. The high number of abandoned mine sites worldwide and in Turkey makes the
restoration of these areas to nature a critical environmental and societal issue. An effectively planned
rehabilitation process not only ensures environmental recovery but also generates positive economic and
social impacts. One of the key elements of a successful restoration process is financial management.
Financial models not only serve as a guide for public and private sector investors but are also among the
primary factors determining the feasibility of projects. Due to differences in the economic and institutional
structures of countries, rehabilitation financing models vary by country and even on a regional scale. This
study examines financial assurance mechanisms that secure rehabilitation/closure obligations. Financial
models successfully implemented worldwide for the restoration of completed mining sites are compared with
current practices in Turkey, and a comparison matrix is developed; based on this, a risk-based hybrid
approach is proposed for Turkey.

Keywords; Financial models, Mine rehabilitation, Rehabilitation financing, Abandoned mine sites.

1. Introduction

Population density is increasing in parallel with the acceleration of technological advances in developed
and developing countries; accordingly, energy demand and urbanization requirements are also increasing
significantly. It is observed that investments in the mining sector are increasing gradually in order to meet
the increasing energy needs. However, mining activities lead to environmental destruction during and after
the extraction of natural resources. For this reason, it is of great importance that mining sites are treated
within the framework of a planned and holistic life cycle approach from the beginning of the utilization
process to the end of their economic life. The regulatory works carried out in mining areas that have
completed their economic life are called rehabilitation (post-mining), and this process is an integral and
critical component of mining activities. As a result of mining activities, it is inevitable that various damages
will occur in physical, social and biological areas. For this reason, it is of great importance to restore the
functionality of the areas in question. In order for rehabilitation processes to be carried out effectively and
sustainably, financial management stands out as one of the most decisive elements.

Although the mining sector has an economically important position in Turkey, it is observed that the
applications for the rehabilitation of mining sites have not developed at an adequate level. In our country,
according to MAPEG official data for the year 2025, the number of license applications was recorded as
2,355 units. (MAPEG, 2026) The number of licenses abandoned during the same year was determined as 941
units, and the number of rehabilitated sites until February 1, 2026 was determined as 194 units. (MAPEG,
2026) These data reveal that rehabilitation studies after mining are insufficient. One of the main reasons for
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this situation is that the financial planning related to rehabilitation processes cannot be structured in an
effective and sustainable way.

Financial models are among the important tools that directly affect the viability of projects by being a
guiding feature for both the public and private sectors. Dec. Due to the differences in the economic and
financial conditions of countries, these models may vary by country and even region. Although there are
various studies on rehabilitation projects in the literature, it is noteworthy that studies on how financial
management, one of the most critical elements of this process, is structured, are limited. Within the scope of
this study, financial models successfully applied worldwide in the restoration of mining areas where
production activities have ended have been compared with existing practices in Turkey; suggestions for the
effective adaptation of appropriate financial models to the country's conditions have been developed by
revealing weaknesses specific to Turkey.

2. Materials and Methods

This study is a qualitative narrative review research prepared for the evaluation of rehabilitation processes
after mining activities. Within the scope of the study, both academic literature and national and international
legislation documents were examined with a systematic approach.

The literature search was carried out in Web of Science, Scopus and Google Scholar databases. During
the screening process, the keywords “mine rehabilitation”, “mine closure”, “land reclamation”, “post-mining
land use” and “mining rehabilitation” were used. Publications published between 2000 and 2026, included in
peer-reviewed journals and directly related to the subject were included in the study. Dec.

Within the scope of the legislative analysis, the Mining Law in force in Turkey and the Rehabilitation
Regulation on Mining Sites, which came into force accordingly, were examined in detail. In addition, policy
documents and academic studies related to mining rehabilitation practices in Canada and Australia were also
included in the analysis in order to make a comparative assessment.

The data obtained in the study were evaluated by thematic analysis approach, which is one of the
qualitative data analysis methods. In this context, rehabilitation processes were classified under the headings
of financial mechanisms, technical applications, audit systems, stakeholder participation and long-term
monitoring and a comparative analysis was performed between countries.

Among the inclusion criteria; the study is directly related to mining rehabilitation, has scientific validity
and the full text is accessible, while Decontextualized, repetitive or methodologically inadequate studies are
excluded from the analysis. Thanks to this method, the study was placed in a systematic and comparative
evaluation framework.

3. Results and Discussion

The concept of environment is defined as the physical, biological, social, economic, and cultural medium
in which humans and other living beings maintain their relations and interact throughout their lives.
Environmental pollution, on the other hand, primarily manifests as air, water, soil, noise, and visual
pollution, affecting the entire ecosystem.

Mining activities belong to a sector that utilizes non-renewable resources. The technologies used during
ore extraction can, over time, lead to degradations in the three core components of the environment: the
physical, biological, and social spheres. Mining is fundamentally carried out in two ways: open-pit mining,
applied when mineral deposits are exposed on the surface (outcrop) or are near the surface; and underground
mining, used when the mineral is located deep underground. In our country, coal, metallic minerals, and
solution mining can be given as examples of underground mining. The most prominent environmental
impact of this method is surface subsidence. In open-pit mining, effects such as the pits formed, changes
created by waste rock (overburden) sites in the environment, and issues like dust, noise, waste management,
and water pollution arising during ore preparation and enrichment processes are more pronounced. This
situation stems from production activities being carried out directly on the surface.

Mining operations are generally conducted in three basic stages: exploration, operation, and closure. In
the first stage, exploration, environmental impacts are usually minimal. The operation stage is the phase
where the mineral is extracted and enrichment processes are performed; during this process, environmental
impacts begin to emerge either positively or negatively.
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Once the mining site completes its economic life, the closure phase begins; however, the environmental
effects of the site and its wastes can persist for many years. Although these effects are often permanent, they
can be mitigated through various methods, and the site can be reclaimed for nature. Within the scope of
Environmental Impact Assessment (EIA) reports and operational projects prepared before activities
commence, the potential environmental impacts of the site are analyzed to decide whether it should be
utilized. In this process, projects are mostly examined from a technical perspective, concrete impacts are
identified, and necessary measures are determined (Crookes and deWit, 2002). Situations that may pose a
risk to the environment are put under guarantee. However, while these evaluations are made, the economic
dimensions of the activities are often not sufficiently taken into account (Demirbugan, 2014). In the study
conducted by Delibalta (2012), the environmental and economic dimensions of the mining sector were
handled together; the rehabilitation of abandoned mining sites was examined from both environmental and
economic perspectives, and sample costs were presented.

However, today, it is observed that studies remain insufficient due to the fact that rehabilitated sites are
fewer compared to abandoned sites. Among the primary reasons for this situation are the lack of sufficiently
developed sustainable financial methods and deficiencies in the supervision of practitioners.

3.1. Reclamation

It takes a considerably long time for areas degraded as a result of mining activities to return to their
former productive state through natural processes. For this reason, the improvement of these areas within a
reasonable timeframe encompasses a long-term process aimed at increasing productivity, re-establishing
ecological balance, providing economic benefit, and restoring aesthetic values. The methods preferred during
the implementation phase vary depending on the characteristics of the terrain, soil structure, socio-economic
conditions, and the economic status of the financial resource providers.

The terminology used within the scope of reclamation is presented in Table 1. Furthermore, since the
reclamation process is a high-cost and long-term liability, it is of great importance to conduct comprehensive
financial planning from the early stages of the projects.

Table 1. Terminology for Post-Mining Land Use

Concept Description

Restoration The process of physically, chemically, and biologically returning abandoned mine
sites to their original, pre-mining state.

Reclamation ~ The process of improving the quality of abandoned mine sites in terms of air, water,
and soil regimes.

Remediation  The process of rectifying issues occurring at abandoned mine sites to ensure they
no longer pose a threat to human and environmental health.

Rehabilitation The process of transforming abandoned mine sites into a suitable and productive
state in terms of the three main pillars: physical, biological, and socio-economic
environments.

3.2. Financial Models and Their Applications Worldwide

The total land area utilized for mining activities worldwide has been measured and is estimated to be
101,583 km? (Maus et al., 2022). This corresponds to approximately 0.07% of the total global land area. For
comparison, urban areas cover about 0.51% of the total land area globally.

The process of improving areas degraded as a result of mining and similar land-use activities is expressed
in the literature through various terms such as 'rehabilitation," "reclamation," "reconstruction,"
"remediation," "restoration," and "revegetation." In Australia, the terms "rehabilitation" and "restoration" are
generally preferred to ensure compliance with the National Standards for the Practice of Ecological
Restoration (SERA). The financial assurance instruments used worldwide can be classified as shown in
Table 2.
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Table 2. Financial Assurance Instruments

Category Instrument Evaluation (Pros & Cons)
Instrument-  Letter of Credit Pros: Most advantageous for the mining company; capital is not tied up,
Based /Cash Guarantee  easy to manage, and financial reports are public.
Cons: Even large companies can go bankrupt; financial data can be
manipulated, creating a trust issue for the public.
Instrument-  Insurance Policy  Pros: Low cost for small companies; does not tie up capital, and cash
Based outflow is low.
Cons: Very few options available in the market; major insurance
companies are often reluctant to assume environmental risks.
Instrument-  Letter of Credit Pros: Relatively cheap to set up, does not tie up capital, requires low
Based (Bank cash outflow; administrative burden is low, and the state can limit risk by
Guarantee) selecting appropriate banks.
Cons: The bank itself may go bankrupt; it reduces the company's
borrowing capacity and is dependent on market conditions.
Instrument-  Surety Bond Pros: Generally low cost and does not tie up capital.
Based Cons: Risk of the surety provider's bankruptcy in the long term; costs
can be high for smaller companies.

Calculation-  Cash Deposit Pros: Can be used directly for rehabilitation; high liquidity and one of
Based the most reliable methods for the public; suitable for small companies
and can be transferred to pool funds.

Cons: Large amounts of capital remain tied up for long periods; risk of
misuse or diversion for other purposes by the public sector.
Calculation- Trust Fund Pros: High public trust; can increase in value through investments.
Based Cons: Risk of depreciation and management can be complex.

3.2.1. Australia

In Australia, the management of mining activities falls under the jurisdiction of the states. Each of the
seven states and territories (New South Wales, Western Australia, Queensland, South Australia, Victoria,
Northern Territory, and Tasmania) has its own mineral closure legislation and detailed guidelines specific to
its jurisdiction. Financial assurance systems implemented across all states aim to manage long-term
environmental risks and establish a safe and stable final landform. Although guarantee mechanisms vary
between states, it is mandatory to submit financial assurance to the relevant regulatory bodies during the
licensing stage.

According to Australian Government (2016) data, the following elements are of critical importance in
these cost estimations:

e Basing costs on data from independent third-party contractors rather than in-house company
calculations.

e Making estimations based on the current year's exchange rate and generally securing the highest risk
value over the plan period.

e Including post-closure maintenance and monitoring costs in the calculations.

Financial guarantee systems throughout Australia operate within the framework of specific common
principles. Guarantees are submitted before activities commence, usually in the form of cash or bank letters
of credit, and are inaccessible to the operator. These amounts are periodically updated based on changes in
the mine plan and technological developments. The return of the guarantee is only possible once the
regulatory authority confirms that the rehabilitation targets have been successfully completed.

In Western Australia, the Mining Rehabilitation Fund Act (MRF Act), which came into effect in 2012,
established a non-refundable pooled fund. This system is a centralized financing mechanism aimed at
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generating resources not only for active projects but also for the rehabilitation of abandoned mine sites. In
Queensland, the Financial Provisioning Scheme, which came into effect in 2019, is a hybrid system that
utilizes both a pooled fund and a risk-based surety mechanism. In this model, while low-risk projects are
included in the communal fund, high-risk projects are required to provide additional financial assurance.

3.2.2. Canada

In Canada, mine rehabilitation is a responsibility shared between the federal government and
provincial/territorial administrations. At the federal level, Natural Resources Canada (NRCan) develops
strategic policies, while in regions north of the 60th parallel, oversight is conducted directly by Crown-
Indigenous Relations and Northern Affairs Canada (CIRNAC). Nevertheless, the management of mining
activities primarily falls under the jurisdiction of the provinces. The province of British Columbia is one of
the earliest regions to mandate financial assurance, and guarantees there are reviewed every five years. In the
Northwest Territories, the process is carried out through a partnership of federal and local institutions,
utilizing a specialized software tool called RECLAIM for cost estimations.

The rehabilitation of orphaned or abandoned mine sites in Canada is addressed under the coordination of
NOAMI (National Orphaned/Abandoned Mines Initiative), a multi-stakeholder national initiative launched
in 2002. Supported by NRCan and Mines Canada, this structure is a collaborative platform that brings
together federal and provincial agencies, mining sector representatives, Indigenous communities, and non-
governmental organizations. The financing of orphaned and abandoned mines in Canada is managed through
a multi-component model that does not rely on a single source. In this context, the financing structure
generally consists of the following elements:

e Public Budget: Especially for high-risk sites where no responsible operator can be identified,
rehabilitation costs are covered directly from federal or provincial budgets.

e Sectoral Contributions and Taxes: Financing is provided through taxes, levies, or specialized fund
mechanisms collected from the mining sector.

e Public-Industry Partnerships: Joint models, where public institutions and the private sector provide
financing together, are implemented for large-scale and complex sites.

Particularly in regions such as Yukon and the Northwest Territories, the cleanup of large-scale
abandoned mine sites is carried out under specialized programs managed by the federal government.

3.2.3. Turkey

The process of restoring sites where mining activities have concluded in Turkey is based on a
comprehensive structure centered on both ecological restoration and social sustainability. Successful
rehabilitation projects implemented across the country not only support environmental rebirth but also
contribute to social welfare by creating new economic opportunities for local communities. To ensure these
processes are carried out effectively, Turkey has developed robust legal and institutional approaches
regarding the management of abandoned mine sites.

The legal frameworks established by the Ministry of Environment, Urbanization and Climate Change aim
to ensure that sites regain their environmental, economic, and social functions following the completion of
mining activities. One of the most critical mechanisms developed in this context is the guarantee (collateral)
application. This system, which is activated during the licensing or permitting phase, is operated to
compensate for potential environmental damages caused by mining activities and to guarantee the post-
operational rehabilitation of the area.

The guarantee amount is not a fixed figure; it is determined based on variables such as the scale of the
activity, type of mineral, methods used, and the current characteristics of the land. Environmental
sensitivities, such as the site's proximity to protected areas, play a decisive role in calculating the guarantee
amount. These financial assurances, requested by the Ministry or authorized institutions, ensure that
environmental risks are kept under control during the operational process and secure the necessary resources
to restore the site to its natural functions after mine closure.
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Table 3. Reclamation Processes According to Land Characteristics

Land Category Process and Legal Framework

Agricultural Lands Following the completion of EIA (Environmental
Impact Assessment) processes, a Soil Protection
Project must be prepared within the framework of the
Law on Soil Conservation and Land Use (Law No.
5403).

Pasture/Grazing Lands Pursuant to the Pasture Law (Law No. 4342), an
application for "Change of Purpose" must be
submitted through MAPEG (General Directorate of
Mining and Petroleum Affairs), and a Pasture
Restoration Project must be prepared.

Treasury Lands A Land Reclamation Project (Rehabilitation Plan)
must be prepared for the relevant projects as part of
the operational requirements.

Forest Lands A Forest Rehabilitation Project must be prepared and
submitted to the OGM (General Directorate of
Forestry). The OGM issues decisions regarding trees
to be felled during the operational phase; the operator
must pay for the felled timber and use-of-rights
(usufruct). Additionally, the license holder must
provide a commitment to plant five times the number
of trees felled.

It is a legal requirement for operators active within mining license areas in Turkey to pay various fees to
different public institutions, depending on the ownership and usage status of the land they utilize. These
obligations aim not only to ensure the environmental compliance of mining activities but also to compensate
for the economic losses arising from the land's previous intended use. The most fundamental payment in this
context is the Environmental Compliance Fee, determined in accordance with Article 14 of the Mining Law
No. 3213. This fee, collected by the General Directorate of Mining and Petroleum Affairs (MAPEQG), is
calculated annually at a rate of 30% of the operating license fee. However, in addition to this general
obligation, there are costs that vary according to the characteristics of the land.

If the activity area is classified as forest land, the General Directorate of Forestry (OGM) requests fees for
afforestation, soil value, and a guarantee, taking into account criteria such as the canopy cover of the site and
the tree species. Nevertheless, for small areas under 5 hectares, only the afforestation fee is collected,
offering a simpler cost structure. On pasture lands, a "grazing fee" (ot bedeli) is collected by the Provincial
Directorate of Agriculture and Forestry to compensate for the loss in livestock activities. This amount is
based on technical data such as the productivity of the land, the market value of dry hay, and the size of the
affected area.

Similarly, a non-agricultural use permit fee is paid for agricultural lands to cover the loss of agricultural
production; whereas for activities conducted on Treasury properties, permit and easement (usufruct) fees are
accrued by the National Estate units. For Treasury lands, this fee is generally determined annually between
1% and 3% of the property's current market value. To materialize this cost structure, average cost estimates
based on different land characteristics for a 5-hectare section of a 50-hectare limestone quarry located in
Ankara have been presented with a detailed breakdown.

Table 4. Average Fees Payable to Institutions Based on Land Characteristics
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Land Type Authorized Institution(s) Average Fee
(for 5 ha)
Forest Land MAPEG + General Directorate of Forestry (OGM) 1,250,000 TL
Pasture Land MAPEG + Provincial Directorate of Agriculture / Pasture 375,000 TL
Commission
Agricultural MAPEG + Provincial Directorate of Agriculture + Provincial 500,000 TL
Land Directorate of Environment and Urbanization

Treasury Land MAPEG + Provincial Directorate of Environment, 300,000 TL

Urbanization, and Climate Change

Land costs for enterprises operating in mining license areas vary significantly depending on the legal
status of the land utilized. Cost analyses clearly demonstrate that forest lands impose the highest financial
burden compared to other options. Afforestation processes, environmental regulation costs, and protection
obligations in these areas translate into substantial additional expenditures for operators. Furthermore, the
General Directorate of Forestry (OGM) may demand the afforestation of a different region outside the
license area in addition to the site's own rehabilitation. Consequently, forest lands are considered the most
arduous option in terms of both cost and the reclamation process. In contrast, pasture lands offer a relatively
more economical structure, primarily involving grazing fees and change-of-purpose expenses; while
Treasury lands, despite low initial costs, require strategic planning due to long-term easement and rental fees.
The legal framework regarding the reclamation of areas degraded by mining activities in Turkey was shaped
for many years by the Mining Law No. 3213 and its secondary legislation. However, the amendments made
to the Mining Law in 2025 and the Regulation on Rehabilitation of Mining Sites, which entered into force on
January 23, 2026, signal a major paradigm shift. In previous regulations, rehabilitation was handled within a
"compliance with the environment" approach, and implementation was largely left to the discretion and
responsibility of the license holder.

Under the old system, while rehabilitation obligations were subject to technical and administrative audits,
there was no financially robust guarantee mechanism. Indeed, the guarantee and environmental compliance
fees applied in the former system remained insufficient to cover actual rehabilitation costs in most cases,
leading to serious environmental issues in abandoned sites.

With the new regulation, the rehabilitation process has been transformed from a mere technical obligation
into a strong financial and administrative framework. The most striking change in this context is the
mandatory collection of a rehabilitation fee, equivalent to the annual operating license fee. It is explicitly
regulated (Article 6) that this fee must be collected every year in January, with late payment penalties
applied otherwise, thereby making financial obligations concrete and binding.

These fees are held in escrow/special accounts and can only be utilized for rehabilitation activities.
Furthermore, it is aimed to prevent depreciation by accruing interest on these funds. This arrangement
transforms rehabilitation financing from an uncertain future liability into a pre-secured system.

Another significant aspect of the new regulation pertains to the timing of rehabilitation. While previous
practices viewed rehabilitation as a post-operational process, the new regulation adopts the principle that
rehabilitation must be carried out concurrently with the start of mining activities, continue throughout the
operation, and be completed upon mine closure. This approach aligns with contemporary mining
philosophies aimed at preventing the cumulative growth of environmental impacts.

Moreover, the new regulation has made rehabilitation processes project-based and measurable. It is now
mandatory for rehabilitation projects to be prepared in accordance with scientific data and engineering
principles, including a specific budget and schedule, and to be approved by the relevant administration. This
increases the auditability of practices and prevents arbitrary implementations.

Significant changes have also occurred regarding administrative sanctions. In the new system, late interest
is applied if the rehabilitation fee is not paid (under Article 6), and sanctions ranging up to license
cancellation are foreseen in the final stage. Additionally, if obligations are not met, it is now possible for the
administration to carry out rehabilitation activities directly and recover the costs from the license holder.

Finally, the new regulation has introduced a performance-based financial mechanism to the process. It is
envisioned that the deposited fees will be refunded upon the full completion of rehabilitation obligations,
whereas proportional refunds will be made in cases of partial completion. This serves as a vital tool to
incentivize license holders to perform rehabilitation activities effectively.
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Furthermore, announcements published by the General Directorate of Mining and Petroleum Affairs
(MAPEG) regarding the year 2026 specify the implementation principles for collecting the rehabilitation fee.
These announcements clearly outline the collection timing, payment processes, and administrative actions to
be taken in case of non-compliance, demonstrating that the regulation includes an application-oriented
mechanism rather than just a normative one.

When evaluated together, it is observed that the concept of mining rehabilitation in Turkey has evolved
from a "post-activity improvement" approach to an "integrated environmental management during activity"
approach. The new system aims to create a more sustainable and auditable rehabilitation model through
strong financial mechanisms, increased administrative sanctions, and the requirement for science-based
projects.

4. Conclusion

The new approach introduced in the field of post-mining rehabilitation in Turkey, through the Mining
Law and the Regulation on Rehabilitation of Mining Sites, represents a significant paradigm shift in terms of
integrating rehabilitation into the mining lifecycle. However, limitations encountered in the implementation
phase of current regulations indicate that the system does not yet fully align with international best practices
and that more refined policy instruments are required. In this context, three main policy axes emerge to
enhance the effectiveness of rehabilitation policy in Turkey.

First, instead of the current uniform financial assurance model, a risk-based coefficient system that
accounts for site-specific differences should be developed. The approach of equating the rehabilitation fee to
the license fee does not distinguish between sites with different ecological sensitivities, production methods,
and potential levels of environmental degradation. Yet, as seen in the examples of Canada and Australia,
dynamic determination of financial guarantees ensures more accurate pricing of environmental risks and
incentivizes operators toward more responsible rehabilitation practices. Accordingly, integrating a risk
coefficient model into the legislation—incorporating criteria such as ecological sensitivity, biodiversity
value, proximity to water resources, and type of activity—is of critical importance.

Secondly, independent third-party assessments must be made mandatory for determining rehabilitation
costs. In the current system, the fact that cost calculations are largely shaped between the administration and
the operator raises questions regarding transparency and reliability. The practices of independent costing and
guarantee determination implemented especially in Australia offer a structure that is more auditable and
closer to market realities. Mandating cost analyses conducted by accredited independent organizations in
Turkey will both increase the accuracy of the financial assurance mechanism and reduce the burden on
administrative capacity.

Thirdly, instead of focusing solely on the completion stage, rehabilitation processes must be supported by
long-term monitoring and measurable performance criteria. In current practice, rehabilitation is often limited
to short-term engineering solutions; the restoration of ecosystem functions and the sustainability of
biodiversity are not sufficiently monitored. At this point, the "Integrated Closure" approach developed by the
ICMM (International Council on Mining and Metals) envisages planning rehabilitation throughout the
lifecycle and evaluating it with long-term ecological indicators. Similarly, a system must be established in
Turkey that evaluates the success of rehabilitation through multi-year monitoring programs, performance
thresholds, and adaptive management mechanisms.

In conclusion, while the reforms carried out in the field of mining rehabilitation in Turkey have provided
significant progress, for effective environmental recovery, it appears inevitable to adopt a risk-based
financial model, institutionalize independent costing mechanisms, and develop a long-term monitoring and
performance-oriented approach. This triple policy set will strengthen the implementation capacity of the
current legislation and ensure that rehabilitation evolves from being merely a legal obligation into an
ecosystem-based sustainable management tool.
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Abstract

Post-mining regions face long-term environmental, socio-economic, and spatial challenges that require
integrated and interdisciplinary approaches to support sustainable transformation. The Research Center of
Post-Mining at the University of Applied Sciences Georg Agricola (THGA) addresses these challenges through
coordinated research spanning mine water management, geomonitoring, material sciences, and land-use
transformation. This paper highlights the contributions of the Land Use & Transition department, which
focuses on the political, legal, and societal frameworks necessary for the successful reactivation of former
industrial sites and infrastructure, with a specific emphasis on coal regions undergoing structural changes.
The research portfolio combines successfully completed and ongoing European projects. Completed projects,
POTENTIALS, WINTER, and GreenJOBS, demonstrate mainly forward-looking business models for the
post-mining regions, while CoalHeritage addresses the cultural significance of industrial legacies.
Additionally, the USAMIN project contributes to international knowledge transfer by the creation of an
international online Moodle course titled Use of Abandoned Mines. Current projects, REMINDNET,
CRMsDataSpace, and RAISING, focus on networking about the legislation, governance and management of
mining legacies, improving data management for critical raw materials in closed extractive coal waste
facilities, and promoting public participation in the transition process, respectively. In this paper, these
projects are described in detail to provide scalable tools for achieving resilient land-use transformation in
mining regions worldwide.

Keywords: Post-mining transformation, Industrial heritage, Just transition

1. Introduction

Industrial underground mining of hard coal in Germany began in the early 19th century, primarily in the Ruhr
and Saar Regions, where Germany 's largest hard coal deposits are located. For decades, the industry was a
cornerstone of the German economy with several hundred mining companies of various sizes. However, the
rise of oil and cheap global imports in coal and steel triggered the collapse of the Ruhr's core sectors. In 1968,
the remaining mining companies in the Ruhr Region merged their coal activities under the supervision of the
Ruhrkohle AG, later restructured into RAG Aktiengesellschaft (RAG AG) in 1997, in order to establish a
stable economic and social basis for the industry and its workforce. In 2007, the Federal Government, the states
of North Rhine-Westphalia and Saarland, the RAG Corporation, and the mining union IGBCE agreed to
terminate hard coal subsidies by the end of 2018. Based on this agreement, the RAG Foundation was
established in June 2007 to manage mine closures and finance the perpetual obligations including mine water
management, polder measures, and groundwater purification (Zeqiri et al., 2024; RAG Stiftung, 2026).

The closure of hard coal mines in Germany has taken place for decades, bringing a wide range of tasks that
have to be fulfilled. To meet these challenges, the graduate program “Geotechnical Engineering and Post-
Mining” was established at the University of Applied Sciences Georg Agricola (THGA) in 2013. This was
followed by the founding of the Research Center of Post-Mining (FZN) in 2015, which is the only institution
of its kind worldwide. The center is carrying out its research across four strategic pillars as given in Figure 1.
The first pillar, Perpetual Tasks and Mine Water Management, focuses on a comprehensive understanding of
hydrological systems to develop near-nature solutions for water resources in former mining regions. The
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second pillar, Geomonitoring in Post-mining, integrates diverse geoinformation into detailed 3D models to
simulate post-mining processes and establish viable risk management systems. In the third pillar, Material
Sciences for the Preservation of Industrial Heritage, researchers focus on the conservation of abandoned
collieries and equipment by analyzing environmental impacts on materials and developing new investigation
techniques. Finally, the fourth pillar, Land Use & Transition, involves a detailed analysis of the political,
economic, and legal frameworks required to successfully repurpose former industrial locations. By evaluating
these transition requirements, the pillar creates the necessary foundations for transforming former mining sites
into new residential districts, business parks, recreational areas, or facilities for renewable energy. (FZN,
2026).

for the preservation of
U industrial heritage
=

Figure 1: Strategic pillars of the Research Center of Post-mining

In addition, the integration of geospatial information, environmental monitoring data, and digital platforms
increasingly supports evidence-based decision-making for post-mining land use planning and regional
transformation.

2. Land Use & Transition

Land Use & Transition focuses on the detailed analysis of the political, economic, and legal frameworks
required to successfully repurpose former industrial locations. In recent years, these governance approaches
have increasingly been complemented by data-driven tools, including geospatial analysis, environmental
monitoring, and digital platforms that support strategic planning in post-mining landscapes. By evaluating
these transition requirements, considering regional objectives and public involvement, this pillar creates the
necessary foundations for transforming former mining sites into lively new residential districts, modern
business parks, recreational areas, or specialized facilities for renewable energy. An overview of the ongoing
and completed projects within this department are given detailed below.

2.1. Ongoing Projects

Building on our established expertise, our ongoing projects aim to provide scalable tools and frameworks that
ensure a resilient and data-driven land-use transformation in mining regions worldwide.

RAISING (Raising Awareness and Improving Social Engagement for the Just Transition of Mining
Regions): The project focuses on increasing public awareness, particularly within small local communities,
regarding the necessary transformation of hard coal and lignite mining regions, and the promotion of new
strategies for regional development. The project is built on three main pillars:
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- Identification of the main premises determining the process of transformation of hard coal and lignite
mining industry: Providing policymakers and the public with open access to user-friendly socio-
economic and environmental data, alongside information on global decarbonization trends.

- Strengthening public participation: Engaging stakeholders through dedicated support tools, including
workshops, webinars, public debates, and an interactive catalogue of "good practices" for innovative
regional solutions.

- Implementation of an educational and social campaigns: Supporting the development of the regional
potential through targeted communication activities and media campaigns to highlight the sustainable
development opportunities of post-mining areas.

The implementation of the project is organized into Work Packages (WPs) with the following operational
objectives:

- WPI1: Coordination, dissemination and promotion

- WP2: Identification of the main premises determining the process of coal transformation

- WP3: Developing the potential of mining regions into sustainable development centres - Education
and social campaign

- WP4: Development of partnership network and engaging of small community stakeholders

This 24-month project is funded by the EU Research Fund for Coal and Steel (RFCS). It started September
1, 2025 and will run until August 31, 2027. Project consortium includes the Central Mining Institute (GIG-
PIB) and Instrat from Poland, the Technical University of Ostrava (VSB) from the Czech Republic, and
University of Applied Sciences Georg Agricola (THGA) from Germany (RAISING, 2026).

CRMsDataSpace (Common European Data Space on Critical Raw Materials for the Green Deal:
Recovery Potential from Closed Extractive Coal Waste Facilities): This project aims to develop a Common
European Data Space on Critical Raw Materials (CRMs) for the Green Deal, with a strong focus on recovering
valuable raw materials from closed extractive coal waste facilities. The project is built on the following core
pillars:

- Creation of a European Digital Data Platform: Developing a centralized geospatial database to
identify, assess, and map critical raw materials within extractive waste facilities.

- Use of Artificial Intelligence (Al) and Large Language Model: Utilizing Artificial Intelligence (Al)
and Large Language Models (LLMs) to automate data processing, classification, and reporting,
thereby enhancing the efficiency of CRM recovery projects.

- Technical and Economic Validation: Conducting geochemical and metallurgical assessments to
determine resource viability in coal waste, while developing sustainable business models to attract
industrial investment.

-  Knowledge Transfer and Capacity Building: Organizing workshops, training sessions, and
dissemination events to ensure broad adoption and collaboration across EU Member States.

These objectives are carried out within the scope of seven Work Packages:

- WPI: Project coordination and management

- WP2: Data acquisition from closed facilities

- WP3: Development of the data catalogue

- WP4: Deploying a minimum viable data space

- WPS5: Multi-side business solutions

- WP6: Artificial intelligence (Al) tools
WP7: Communication and dissemination

Th1s 36-month project is funded by the Research Fund for Coal and Steel (RFCS). It began on July 1, 2025,
and will conclude on June 30, 2028. The consortium combines expertise in mining engineering, geosciences,
and Al, collaborating with three universities and five industrial partners from Poland, Spain, Belgium,
Romania, and Germany (CRMsDataSpace, 2026).

REMINDNET (Recovery of Mining District Network): This project establishes a European network of
over 130 scientists and engineers from more than 60 organizations across 37 countries, aimed at addressing
the complex legacies of mineral and metal extraction. The network focuses on the legislation, governance and
management of mine legacies, as well as financing, rehabilitation and monitoring techniques, with the goal of
improving implementation to minimize post-closure mining legacies. The project is built on two primary
pillars:

- Research Coordination: Developing a common understanding of sustainable mine legacy
management, comparing current legal frameworks and governance structures, establishing a European
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mining legacy database awith QGIS visualisation, and providing input to mine authorities, regulators
and financial institutions via an open access platform
- Capacity Building: Establishing and maintaining a "Community of Practice", pooling experts from
currently separated field and involving specific target groups such as Early Career Investigators,
under-represented genders, and experts from countries with limited existing capacity in mine closure
management.
To achieve these objectives, the project is structured into 5 Working Groups (WGs) as follows:
- WGI1: Government and management practices
- WG@G2: Socio-economic aspects and financing
- WG3: Environmental monitoring and risk management and use of abandoned mine
- WG4: Training and capacity building
- WGS: Dissemination and communication, Project Management
REMINDNET is a COST Action, a research network funded by the European Cooperation in Science and
Technology (COST). The action began on October 19, 2023 and will be completed on October 18, 2027
(REMINDNET, 2026).
The overview of ongoing projects in the department of Land Use & Transformation is provided in Table 1.

Table 1: Ongoing research projects in the department of Land Use & Transition

Project name Funding Duration Key focus Involved countries
RAISING RFCS  2years L ublicawareness, social PL, CZ, DE
engagement, and just transition
Al-driven data space for critical raw
material recovery from coal waste
Legislation, governance and 37 countries
management of mining legacies (mainly EU)

CRMsDataSpace RFCS 3 years ES, PL, RO, BE, DE

REMINDNET COST 4 years

2.2. Completed Projects

The successfully completed projects funded by various European initiatives have provided the strategic
business models and cultural frameworks necessary for resilient post-mining transitions.

GREENJOBS (Leveraging the competitive advantages of end-of-life underground coal mines to
maximize the creation of green and quality jobs): This RFCS-funded project (2022-2025) focused on
identifying and promoting new green business opportunities within coal regions in transition. By analyzing
former coal mining infrastructures, the project integrated technical deployment with training and reskilling of
workers, rather than treating technology and employment as separate issue. The project was structured across
four strategic strands (GreenJOBS, 2026):

- Renewable Energy & Storage Deployment: Mapping the feasibility and grid integration of diverse
technologies suited for post-mining environments, including geothermal energy from mine water,
solar photovoltaic, wind power, unconventional pumped hydro, battery storage and green hydrogen.

- Circular Economy & Restoration: Developing solutions such as soil substitutes for land restoration,
dense fluids for pumped hydro, and the recovery of critical raw materials (CRMs) to reduce
remediation costs and create new revenue streams.

- Place-Based Transition Visions: Exploring renewable-powered futures for specific mining complexes
in Poland, Spain and Slovenia through detailed case studies to match local assets, constrains,
workforce characteristic and community priorities.

- Integrated Workforce Planning: Identifying and categorizing key occupations, mapping and
assessment of those occupations, designing training and re-skilling programs to help public authorities,
employers, social partners and training providers move from broad ambitions to actionable workforce
plans.

CoalHeritage (Conservation and promotion of the Coal Mining Heritage as Europe's cultural
legacy): Funded by the RFCS, this project (2023-2025) addresses the preservation of industrial culture across
Greece, Poland, France, Slovenia, and Germany. It focuses on the development of an interregional network
for the promotion and protection of coal mining heritage in mining regions. The project's impact is categorized
into four key areas (CoalHeritage, 2026):
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- Industrial & Economic Growth: Identifying best practices for transforming mining sites into museums
and cultural objects. These "after-use" concepts encourage private investment and create new service-
sector jobs, such as tourism and education, to counteract the loss of traditional mining employment.

- Social & Environmental Responsibility: Promoting regional identity and a "sense of belonging" by
declaring former mines as national heritage sites. This process includes reskilling former workers for
heritage management and improving the environmental quality of industrial spaces through adaptive
reuse.

- Digital Preservation & Mapping: Developing a web-based European Visual Map Journal (EVMJ).
This tool documents the assets of selected mines and is designed for integration into the European
Route of Industrial Heritage (ERIH).

- Scientific Outcomes: Systematizing knowledge about coal mines, mining processes and related
technologies while providing an open access area for knowledge exchange. This serves to promote
and increase stakeholder awareness of industrial heritage while building an interregional network to
foster collaboration.

WINTER (Web INTEractive management tool for coal Regions in transition): Within the scope of the
RFCS-funded project (2021-2024), an interactive digital platform to support the management of coal regions
undergoing structural change was developed. By analyzing three pilot regions, the Ruhr Region in Germany,
West Macedonia in Greece, and Konin in Poland, at different stages of transition, the project created a
framework for optimizing transition strategies. The project’s impact is defined by three main pillars (WINTER,
2026):

- Interactive Management Tools: Development of a web-based platform for addressing environmental
and socioeconomic challenges that utilizes interactive maps and multimedia content to document the
rehabilitation and reclamation progress of former mining sites. The tool provides local municipalities,
policymakers, and social partners with concrete recommendations for practical implementation based
on "best and worst practice" examples while allowing for the comparison of transition scenarios and
the transfer of findings to other coal regions across Europe.

- Governance and Socio-Economic Analysis: Identifying and surveying technical, legal, and socio-
economic structures within the pilot regions and development of the “Transition Management
Handbook™ with lessons learnt, recommendations for governance, institutional structures and
implementation, as well as community participation.

- Stakeholder Engagement: Facilitating knowledge exchange through workshops and final progress
meetings with industry and government representatives, ensuring that the project's digital tools align
with the needs of those managing the transition on the ground.

POTENTIALS (Synergistic potentials of end-of-life coal mines and coal-fired power plants, along
with closely related neighbouring industries): This RFCS-funded project carried out from 2021 to 2023
focused on the unique aspects of coupled end-of-life coal mine sites, coal-fired power plants, and closely
related neighbouring industries, using their synergistic opportunities to stimulate new economic activities and
jobs in Coal Regions in Transition, guaranteeing a sustainable and combined use of assets and resources
otherwise overlooked in the high-velocity environments of phasing out processes. The project's impact is
defined by three core pillars (POTENTIALS, 2026):

- Prospective Scenario Analysis: Utilizing strategic foresight to identify business models focused on
renewable energy, energy storage, and the circular economy. This ensures that assets and resources,
which are often overlooked during the rapid phase-out process, are utilized for sound decision-making.

- Territorial Just Transition Support: Providing a practical evidence base for updating Territorial Just
Transition Plans (TJTPs). This helps Member States align regional strategies with the European Green
Deal, ensuring a fair transition that leaves no one behind.

- Economic Diversification and Synergies: Delivering feasible reuse options for coupled end-of-life coal
assets and related infrastructure. By allowing neighboring industries to "green" their power purchases,
the project fosters long-term economic growth and regional resilience.

USAMIN (Use of Abandoned Mines): Funded by the EU’s Erasmus+ program (2021-2023), USAMIN
was based on the shared knowledge, experience and best practices regarding the challenges and opportunities
of the post-mining era from project partners in Germany, Spain, Poland, and the Czech Republic. The project’s
impact is defined by three key pillars (USAMIN, 2026):

- Intellectual Output: Development of a comprehensive international Moodle course titled "Use of
Abandoned Mines." This digital platform provides individual teaching materials designed to equip
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stakeholders in transition regions with technical and strategic know-how on topics such as methane
emissions, reclamation, and geothermal reuse.

- Training: A highlight of the project was the Summer School held in July 2022 in Ostrava, Czech
Republic. This event brought together more than 30 students and 10 teachers from around the world.
The in-person collaboration and student feedback were instrumental in refining the course content and
ensuring its global relevance.

- Capacity Building and Networking: USAMIN connected actors from regions at the beginning of their
transition with established experts. The project fostered long-term cooperation and culminated in the
specialist conference, "The Potential of Abandoned Mine Workings in the EU," establishing a lasting
network for sustainable post-mining strategies.

Table 2 summarizes the foundational projects that have successfully concluded, providing the strategic,
cultural, and educational frameworks currently utilized in European coal regions in transition.

Table 2: Completed research projects in the department of Land Use & Transition

Project name Funding Focus Area Key focus

Repurposing coal mines for renewable
energy and circular economy technologies to
maximize high-quality green job creation.
Enhanced regional management to develop
jobs in new sectors and the design of the

Renewable energy,

GreenJOBS RFCS ) .S
economic transitions

CoalHeritage RFCS Cultural heritage, regional

networks European Visual Map Journal (EVMJ)
Social acceptance, Development of an EU-wide web platform

WINTER RFCS participation, governance, and comparative case studies to optimize
fair transition transition management

Systematic evaluation of coupled coal mines

Business models, industrial . .
and power plants to stimulate new economic

POTENTIALS  RFCS

Synergy activities and jobs in transition regions.
USAMIN Erasmus.t Education, knowledge International Moodle; course on the subject of
transfer Use of Anadoned Mines

3. Conclusion

The research portfolio within the Land Use & Transition pillar represents a comprehensive response to the
structural transformation associated with the European coal phase-out. By combining governance
frameworks with technological innovation, geospatial data infrastructures, and stakeholder engagement
processes, the department contributes to more resilient and evidence-based pathways for the transition of
former mining regions.

Through the transformation of former mining sites into diverse assets, ranging from museums and
cultural heritage locations to residential districts and innovative business parks, the department supports the
preservation of industrial identity while enabling new regional development opportunities. Projects such as
CoalHeritage and USAMIN highlight the cultural and educational value of mining legacies, while initiatives
like GreenJOBS and POTENTIALS promote the transition toward renewable energy systems and circular
economy solutions by identifying synergistic business models for post-mining infrastructures

Through the CRMsDataSpace project, the recovery of critical raw materials from closed extractive coal
waste facilities is focused, while within the scope of the RAISING and WINTER projects, the department
provides a scalable methodology for successful regional transformations that balances economic
diversification land restoration, and social stability. Finally, the activities of the REMINDNET research
network, focusing on the legislation, governance and management of mine legacies, as well as financing,
rehabilitation and monitoring techniques, contribute to addressing the complex challenges raised by post-
mining.
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Abstract

Coal regions across Europe face accelerated structural change driven by decarbonization policies and mine
closures. While regional and national transition strategies have received considerable attention, small and
medium-sized municipalities directly affected by mining phase-out have received comparatively less focus.
These communities often face demographic decline, economic dependency, environmental legacies, yet are
critical for socially legitimate transition pathways. The European project RAISING addresses this gap through
a participatory framework tailored to small coal communities in Germany, the Czech Republic, and Poland.
This contribution outlines the project's conceptual foundations, territorial selection methodology, and initial
implementation roadmap. Using a multi-criteria framework of demographic, geographic-administrative, and
socio-economic indicators, priority regions and focal municipalities were identified to ensure vulnerability
relevance and engagement potential. RAISING conceptualizes participation as a governance instrument rather
than a communication tool, aiming to strengthen transparency, stakeholder coordination, and local ownership
of transformation processes. The project's phased implementation strategy integrates baseline assessments,
stakeholder mapping, co-creation formats, and cross-country knowledge exchange. By demonstrating how
participatory governance can be systematically operationalised at the municipal scale, this paper contributes
to the debate on just transition implementation and positions small coal communities as strategic actors in
post-mining transformation across Central Europe.

Keywords: Just transition, Post-mining regions, Public participation, Best practices, Coal regions in
transition

1. Introduction

Across Europe, coal regions are undergoing a profound restructuring necessitated by decarbonization policies,
environmental imperatives, and the transformation to sustainable and renewable energy (European
Commission, 2020). While regional and national transition strategies have received significant policy
attention, the transformation processes unfold most visibly at the local level, particularly in small and medium-
sized communities directly affected by mine closures and transition. These groups frequently face demographic
decline, economic dependency on mining-related employment, environmental legacies, and limited
administrative capacity.

The European project RAISING responds to this gap by placing small coal communities at the centre of
participatory transition governance. Rather than concentrating on macro-regional planning instruments alone,
the project aims to strengthen participatory governance, societal engagement, and awareness-building at the
municipal scale. The central premise of RAISING is that a just transition requires not only economic
diversification and environmental remediation, but also inclusive and well-designed participatory processes
that enhance local ownership and social legitimacy (RAISING, 2026).

This contribution presents the conceptual framework, territorial selection methodology, and
implementation roadmap established during the project's initial phase. As the project has recently started, the
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discussion focuses on the structured approach adopted to identify priority regions and communities, while
outlining the operationalization of participatory mechanisms across diverse governance contexts.

2. Conceptual Framework: Participation as a Governance Instrument

The concept of just transition extends beyond economic compensation or employment substitution. It
encompasses procedural justice, distributional fairness, social inclusion, and long-term territorial resilience. In
coal regions, transition processes are often characterized by uncertainty, contested narratives, and identity
shifts linked to the historical role of mining (Frankfurt School of Finance & Management, 2023).

The RAISING project approaches participation not as a simple communication exercise, but as a
meaningful part of governance itself. In coal communities facing closure and restructuring, participation can
help ease tensions, build trust between institutions and citizens, improve coordination among local actors, and
give residents a real voice in shaping their future.

Small communities are a particularly important scale for this work. They are often the first to feel the social
and economic consequences of mine closure, yet they typically have fewer administrative and financial
resources than larger cities. At the same time, these municipalities often benefit from strong social ties, active
local networks, and committed civic initiatives. When supported through well-designed participatory
processes, these existing relationships can become a powerful foundation for collaborative vision-building and
locally grounded transition pathways.

The project therefore integrates participatory planning approaches with multi-level governance
perspectives, thereby connecting local agency with broader European decarbonisation strategies (European
Commission, 2019).

3. Identification of Priority Regions and Small Communities

3.1. Selection Guideline

The project employs a structured and transparent methodology to identify priority regions and communities in
the three participating countries. The selection process is based on a multi-criteria framework that combines

demographic, geographic-administrative, and socio-economic indicators as shown in Table 1.

Table 1: Selection criteria for identifying priority small coal communities within the RAISING project

Category Sub-criteria Condition
Population size Typically, < 50,000 residents
Demographic Declining or stagnant population, indicating
Population trends challenges in maintaining local economy and
services
Location Within or adjacent to mining regions (hard
. coal or lignite)
Geographic & - — —
> . Includes towns, villages, or municipal districts
Administrative . . . .
Administrative scope directly affected by mine closure or
downsizing
Local economy dependent on mining
Economic dependency employment (notably high share of workforce
in mining or related sectors)
High vulnerability to restructuring due to low
) ] Transition vulnerability industrial diversification or high
Socio-economic & unemployment
Transition Indicators Environmental & infrastructure Mining-related challenges such as subsidence,
issues mine waste, or water contamination
Community readiness / engagement Presence of local organizations, citizen

initiatives, or demonstrated willingness to
participate in transition processes
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The selection criteria combined demographic, geographic, and socio-economic dimensions. From a
demographic perspective, the focus was placed on municipalities typically below 50,000 inhabitants
experiencing declining or stagnant population trends. Geographically and administratively, attention was given
to towns and districts located within or adjacent to hard coal or lignite regions directly affected by mine closure
or downsizing processes. Furthermore, socio-economic and transition-related indicators were considered,
including a strong dependency on mining employment, vulnerability to economic restructuring, the presence
of environmental and infrastructural legacies, and evidence of community readiness or willingness to engage
in transition processes. This structured and multi-dimensional framework ensures that the selected
communities reflect both high levels of structural vulnerability and a meaningful potential for participatory
engagement.

3.2. Priority Regions

RAISING focuses on three coal regions in transition: the Ruhr Region in Germany, the Northern Bohemia and
Moravian-Silesian Regions in the Czech Republic, and the Silesian Voivodeship Region in Poland. These
territories have been deeply shaped by hard coal and lignite mining and continue to experience significant
socio-economic and environmental challenges linked to coal phase-out processes.

The Ruhr Region represents one of Europe’s most prominent examples of long-term structural
transformation following the decline of hard coal mining, offering important lessons on governance, regional
diversification, and post-mining management (Oei et al., 2020). The Northern Bohemia and Moravian-Silesian
areas are characterized by ongoing restructuring pressures, environmental legacies, and policy adjustments in
the context of lignite and hard coal transition (Lyons, 2023). The Silesian Voivodeship Region in Poland
remains strongly connected to coal-based activities and is currently navigating complex socio-economic
adjustments within the broader framework of European decarbonization and national transition strategies
(Mazur and Ogrodniczuk, 2023). Particular attention is also given to cross-border mining area Turdéw lignite
mine, located at the intersection of Poland, the Czech Republic, and Germany, where mining activities and
future closure processes have raised environmental and governance discussions across national boundaries.

Within each region, specific small and medium-sized municipalities were selected as focal communities
for project activities. Spatial characterization and GIS-based mapping support territorial comparability and
provide a clear visual understanding of demographic, economic, and structural conditions as shown in Figure
1. The figure map composition highlights transition areas and focal communities rather than strictly delineating
national administrative boundaries, which explains the inclusion of cross-border mining contexts such as the
Turéw area. By operating across regions with diverse governance systems, mining legacies, and transition
dynamics, RAISING establishes a robust framework that provides scalability and transferability of its
participatory models.

GERMANY CZECH REPUBLIC POLAND
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Figure 1: Spatial distribution of the three priority regions selected within RAISING: Ruhr Region
(Germany), Northern Bohemia and Moravian-Silesian Region (Czech Republic), and Silesian Region (Poland)
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4. Implementation Roadmap

As RAISING is currently in its initial phase, the project places strong emphasis on structured process design
and methodological clarity. The implementation strategy is organized into four interconnected stages that
translate the project’s operational objectives into concrete actions at the level of small coal communities.

Figure 2 illustrates this step-by-step roadmap, showing the progression from baseline assessment and
stakeholder mapping to participatory engagement, capacity building, and finally, synthesis and policy
integration. The staged structure reflects the project’s intention to move from evidence-based analysis to
locally embedded engagement, ultimately, to transferable governance recommendations.

- Assessment and
Stakeholder Mapping

=) Participatory
Q&%'@i Engagement

s Capacity Building and
Knowledge Exchange

9 Synthesis and Policy
Integration

Figure 2: Conceptual implementation roadmap of the RAISING project.
4.1. Baseline Assessment and Stakeholder Mapping

The first stage focuses on establishing a solid analytical foundation. In line with Objective 1, this phase
involves identifying the main premises shaping coal transition processes and compiling relevant socio-
economic and environmental data. Particular attention is given to making information accessible and
understandable for both local communities and decision-makers. At the local level, the project analyses
governance structures, identifies key stakeholders, and assesses community readiness. Stakeholders include:

- municipal authorities and regional decision-makers,

- civil society organizations, citizen initiatives,

- educational institutions and research centres

- trade unions, and local businesses.

The goal of this stage is to build a shared understanding of transition challenges, structural vulnerabilities,

and existing capacities before launching participatory activities.

4.2. Participatory Engagement

Building on the baseline assessment, the second stage operationalises Objective 2 by strengthening public
participation in small coal communities. Rather than applying a uniform engagement model, RAISING adapts
formats to local institutional cultures and socio-economic contexts. Planned activities include

- stakeholder workshops,

- public debates, webinars, and

- multi-actor dialogue platforms.

These formats aim to engage vulnerable groups, disseminate knowledge, and facilitate discussions about

the future of mining regions. This phase will have as an outcome the development of an electronic catalogue
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and interactive database of good practices, enabling communities to access examples of participatory
approaches and sustainable transition solutions.

4.3. Capacity Building and Knowledge Exchange

To ensure long-term impact beyond the project duration, RAISING integrates targeted capacity-building
measures, in line with Objective 3. This stage focuses on the development of educational and social campaigns
tailored to the specific realities of small mining communities. The project promotes cross-country exchange
between Germany, the Czech Republic, and Poland, enabling mutual learning and comparative reflection on
governance and participation models. Guidance materials and practical recommendations will support
municipalities in strengthening their role in transition processes.

4.4. Synthesis and Policy Integration

In the final stage, the insights generated through data analysis, participatory engagement, and capacity-building
activities will be synthesized into a structured participatory framework. The aim is to translate local
experiences into actionable recommendations for policymakers and practitioners. Particular attention will be
given to alignment with national transition strategies and EU-level mechanisms, including Just Transition
funding instruments. By connecting local engagement processes with broader policy frameworks, RAISING
seeks to enhance both the legitimacy and effectiveness of coal region transformation pathways.

5. Expected Contributions

Although empirical results are still forthcoming, RAISING is strategically designed to contribute in three
closely interrelated dimensions.

1. Governance innovation: The project advances governance innovation by operationalising participation
as a structured governance approach, particularly suited to small municipalities with limited
administrative capacity.

2. Social resilience: By fostering inclusive dialogue and raising awareness, the project aims to strengthen
social resilience. This enhances local ownership of transition processes and reducing uncertainty and
resistance associated with mine closures.

3. European added value and transferability: Through its multi-country design and clearly defined
selection methodology, RAISING seeks to develop a replicable and transferable model that can be
adapted to other coal regions in transition across Europe.

6. Conclusions

The transformation of coal regions represents one of the most significant socio-economic restructuring
processes in contemporary Europe. While macro-level policy frameworks are essential, the success of just
transition ultimately depends on local governance quality and societal engagement.

RAISING responds to this challenge by focusing on small coal communities and developing a structured
participatory framework grounded in transparent selection criteria, territorial analysis, and tailored engagement
formats. By outlining the conceptual design and implementation roadmap at its early stage, this contribution
demonstrates how participatory governance can be systematically embedded in post-mining transition
strategies, strengthening both social legitimacy and policy effectiveness in coal regions across Europe.

Acknowledgments

This work has been developed within the framework of the RFCS project RAISING, which is funded by the
EU under GA No 101216335.The authors thank the Research Fund for Coal and Steel (RFCS) and COST
Action REMINDNET (CA22138), supported by COST (European Cooperation in Science and Technology).
Furthermore, we acknowledge all partners of the RAISING project for their valuable contribution to our
ongoing research.

256



RAISING: A Participatory Framework for Just Transition in Small European Coal Communities Hernan Flores

References

European Commission. (2020). In focus: Towards a just and clean energy transition. Brussels, 01.10.2020
https://commission.europa.eu/news-and-media/news/focus-towards-just-and-clean-energy-transition-2020-10-01_en

European Commission. (2019). European Green Deal. Brussels, 11.12.2019, COM (2019) 640 final. https://eur-
lex.europa.eu/legal-content/PL/TXT/HTML/?uri=CELEX:52019DC0640

Frankfurt School of Finance & Management. (2023). Support to the Implementation of the Just Transition in the Czech
Republic, D1. Inception Report (Final) for Publication, Framework Contract Procedure: REFORM/2021/0P/0006 Lot
1, Specific Contract: Reform/SC2022/116.  https://www.dotaceeu.cz/getmedia/f2bSb4ea-2871-4bce-a227-
17bd8b129652/D1-IR-_JT-CZ_FINAL-for-publication.pdf.aspx?ext=.pdf

Lyons, J. (2023). Overcoming barriers to unlock potential for a Just Transition in Czechia (Policy paper, November 2023.

EUROPEUM Institute for European Policy, Prague. https://www.europeum.org/wp-content/uploads/overcoming-
barriers-to-unlock-potential-for-a-just-transition-in-czechia.pdf

Mazur, A., Ogrodniczuk, J. (2023). Regional Energy Transition Silesia. Justem Brief. https://ieecp.org/wp-
content/uploads/2023/08/JUSTEM-Just-Transition-BRIEF_POLAND.pdf

Oei, P. Y., Brauers, H., & Herpich, P. (2020). Lessons from Germany’s hard coal mining phase-out: policies and transition
from 1950 to 2018. Climate Policy, 20(8), 963-979. https://doi.org/10.1080/14693062.2019.1688636

RAISING. (2026, March 2). RAISING Raising awareness, building future. https://raising.gig.cu/

257


https://commission.europa.eu/news-and-media/news/focus-towards-just-and-clean-energy-transition-2020-10-01_en
https://eur-lex.europa.eu/legal-content/PL/TXT/HTML/?uri=CELEX:52019DC0640
https://eur-lex.europa.eu/legal-content/PL/TXT/HTML/?uri=CELEX:52019DC0640
https://www.dotaceeu.cz/getmedia/f2b5b4ea-2871-4bce-a227-17bd8b129652/D1-IR-_JT-CZ_FINAL-for-publication.pdf.aspx?ext=.pdf
https://www.dotaceeu.cz/getmedia/f2b5b4ea-2871-4bce-a227-17bd8b129652/D1-IR-_JT-CZ_FINAL-for-publication.pdf.aspx?ext=.pdf
https://www.europeum.org/wp-content/uploads/overcoming-barriers-to-unlock-potential-for-a-just-transition-in-czechia.pdf
https://www.europeum.org/wp-content/uploads/overcoming-barriers-to-unlock-potential-for-a-just-transition-in-czechia.pdf
https://ieecp.org/wp-content/uploads/2023/08/JUSTEM-Just-Transition-BRIEF_POLAND.pdf
https://ieecp.org/wp-content/uploads/2023/08/JUSTEM-Just-Transition-BRIEF_POLAND.pdf
https://doi.org/10.1080/14693062.2019.1688636

International Post-Mining Symposium IPMS 2026 / 15t European Conference on Post-Mining Activities ECOP 2026

Mining Heritage Management in the Portuguese Sector of the Iberian Pyrite
Belt: Insights from the Post-Mining Towns of Lousal and Sao Domingos

Mounir Sabeh Affaki'
! Centre for Research in Anthropology, University Institute of Lisbon, 1649-026 Lisbon, Portugal.
Abstract

Mining landscapes in the Portuguese sector of the Iberian Pyrite Belt (IPB) embody a layered legacy of
industrial exploitation, environmental degradation, and socio-economic disruption. Since the closure of most
large-scale operations in the late twentieth century, different actors have advanced diverse strategies to
rehabilitate and valorise former mining territories to benefit from cultural tourism economy. This paper
examines two emblematic post-mining towns — Lousal and Sdo Domingos — to analyse how remediation,
musealisation, and tourism development have been articulated in practice. The study draws on a review of
academic and institutional literature, site visits conducted in October 2025, and semi-structured interviews
with site managers and staff. It documents current site conditions, institutional arrangements, and planned
initiatives, and examines heritage management models and their socio-economic implications. Findings
indicate two distinct post-mining scenarios: Lousal represents a structured rehabilitation model combining
environmental remediation, scientific education, and heritage tourism, while Sdo Domingos reflects a more
landscape-oriented and urban-centred approach, where selective building restoration coexists with
evocative industrial ruins within a post-mining landscape. These cases highlight both the opportunities and
constraints of mining heritage management in regions shaped by extractive legacies.

Keywords; Post-mining, Rehabilitation, Mining heritage, Heritage management, Museum, Tourism

1. Introduction

The Iberian Pyrite Belt (IPB) is one of the world’s most significant volcanogenic massive sulphide
provinces, extending from southern Portugal into the Spanish regions of Andalusia (Matos & Martins, 2006;
Tinoco et al., 2002) (See Figure 1). Geologically rich in copper, zinc, lead, and sulphur deposits, the IPB has
sustained mining activity since Antiquity, with renewed expansion during the late nineteenth and early
twentieth centuries both foreign and national mining companies. In Spain the belt notably includes the mines
of Riotinto and Tharsis. In Portugal, it stretches across the Alentejo, where mines such as Caveira, Lousal,
Aljustrel, Neves Corvo, and Sdo Domingos became central to regional economic life and international
mineral markets, responding to global demand for pyrite and copper concentrates (Matos & Martins, 2006).
These operations profoundly transformed local landscapes and communities, generating employment and
providing infrastructure and facilities. Entire towns were created from scratch around mining sites,
cultivating strong mining identities spanning regions with shared histories and cultures (Fonseca, 2007;
Oliveira, 2015). Simultaneously, mining is associated with harsh work conditions and, in many cases, worker
exploitation (Silva, 2012). In addition, mining activity has produced severe environmental degradation and
pollution, affecting both ecosystems and the health of miners and their families (Fidalgo 2018; Guimaraes,
2022). In Sdo Domingos, for instance, the Achada do Gamo furnaces, used for sulphur roasting, emitted
fumes containing sulphur dioxide, which caused severe air pollution and damaged surrounding agricultural
land. This reality provoked one of the earliest recorded environmental protests in Portugal, ultimately leading
to the total abandonment of the roasting technique (Silva, 2012; Peyton, 2017).
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Figure 1: Location of Key Mining Sites in the Iberian Pyrite Belt (Portugal and Spain). Map produced by the
author using Google Earth Pro.

By the late twentieth century, the closure of most mines in the Portuguese IPB left behind complex post-
mining realities. Economically, local communities faced unemployment and depopulation. Environmentally,
abandoned infrastructures and tailings posed long-term risks (Matos & Martins, 2006). In 2001, The state
assumed responsibility for the environmental rehabilitation of degraded mining areas to be led by EDM —
Empresa de Desenvolvimento Mineiro (Decree-Law No. 198-A/2001). In the context of rehabilitation,
mining heritage has emerged as a strategic framework (EDM & DGEG, 2011). Local authorities,
foundations, and national institutions have applied different models of valorisation and communication of
mining heritage, positioning mining tourism as a driver for local development (Craveiro et al.,2013).

A review of these interventions demonstrates that most took place between the 1990s and the 2000s. The
literature lacks updated accounts of the current status and an overall assessment of these interventions. In this
paper, we examine two post-mining towns in the Portuguese IPB — Lousal and Sdo Domingos — aiming at:
(1) documenting current post-mining realities, site conditions, institutional arrangements, and planned
initiatives; (2) investigating how former mining sites are being valorised and repurposed; and (3) examining
heritage management models and their socio-economic outcomes. Doing so, the paper contributes to ongoing
debates on post-mining transitions, highlighting how institutional configurations, remediation strategies, and
interpretive choices shape divergent pathways of heritage management within the same geological region.

Lousal is a former pyrite mining village in the Municipality of Grandola in southern Portugal. Modern
industrial extraction began in 1900. In 1937, ownership passed to SAPEC (Sociedade Agro-Pecudria e
Comercial), which exploited pyrite deposits for sulphuric acid and fertiliser production, providing
employment for approximately 1,100 workers at the peak of mining activity (Rodrigues, 2005). Lousal
witnessed drastic development, with housing, medical services, education, and commercial facilities
structured around the mine’s activity. However, declining profitability and broader restructuring of the
mining sector led to the mine’s closure in 1988, generating socio-economic disruption, unemployment, and
demographic decline, and leaving behind degraded landscapes (Rodrigues, 2005). Following closure, the
RELOUSAL project (Revitalisation, Renewal, Recovery and Rehabilitation of Community Life in Lousal),
launched in 1994, implemented an integrated redevelopment strategy combining heritage preservation,
science communication, environmental rehabilitation, and tourism (Oliveira et al., 2013; Relvas et al., 2014).
Institutionalised through a partnership between the former mine owner SAPEC and the Municipality of
Grandola, and supported by the creation of the Frédéric Velge Foundation, the initiative led to substantial
urban rehabilitation and the establishment of the Lousal Cultural Complex, comprising the Mining Museum,
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the Centro Ciéncia Viva do Lousal and an outdoor interpretive route across remediation areas with access to
part of the underground workings.

Sao Domingos is a former pyrite mining village in the Municipality of Mértola in southern Portugal. The
site’s modern industrial history began in the mid-nineteenth century. After the rediscovery of pyrite deposits
in 1854, the French industrial company La Sabina took ownership and leased it to the British mining
company Mason & Barry Ltd in 1858, which built the town and associated infrastructure. These included
one of the first railways in the country, of 17km, connecting the mine to Pomardo’s riverport to export
extracted materials mainly to England, contributing to its industrial development as vital inputs for
Swansea’s smelters, British explosives, and wartime petrochemicals (Peyton, 2017; Silva, 2010). Sao
Domingos also had the first power station and the first silent film cinema in the Alentejo region, among
many other facilities uncommon to find in neighbouring towns (Dias-Sardinha et al., 2010; Silva, 2010). The
mine reached a peak workforce of approximately 2,400 workers (Alves, 1997). Meanwhile, labour
exploitation, miners’ strikes, social segregation and severe environmental impacts where characteristic of its
mining history (Alves, 1997; Silva, 2012). Mason & Barry went bankrupt in 1966, leading to an abrupt mine
closure. The mining site was looted of equipment and material and was abandoned to vandalism and decay.
Environmental damage due to mining was deemed one of the highest in the country (Matos, Soares &
Cardoso, 2006) with a dramatically altered post-mining landscape. In 2013, the entire Sio Domingos mining
complex was classified as an Ensemble of Public Interest (Ordinance 414/2013), acknowledging the
significance of its industrial and mining heritage. Town rehabilitation has since been led primarily by the
Municipality of Mértola, in coordination with the landowner, La Sabina, both establishing the Serrdo
Martins Foundation in 2004 to safeguard and promote the mining heritage of the town. The Foundation
plays a central role in cultural management, in charge of documentation, archiving, collection of oral
histories, overseeing the operation of the Cineteatro and the reconstructed miner’s dwelling (Casa do
Mineiro), organising exhibitions and educational initiatives, and providing guided visits across the site.

2. Materials and Methods

This study adopts a qualitative case study approach combining documentary analysis and fieldwork. The
literature review addressed mining heritage activation in Portugal more broadly — forming the basis of a
separate publication — as well as the historical trajectory and institutional development of heritage initiatives
at Lousal and Sdo Domingos. This provided the analytical framework for interpreting the empirical material.
Lousal and Sdo Domingos were selected because their mining activity has definitively ceased — unlike
Aljustrel and Neves Corvo — allowing for the assessment of both post-mining trajectories and processes of
heritagisation and musealisation. The two cases differ in scale, remediation strategies, institutional
arrangements, levels of musealisation, tourism development, and the treatment of social history. These
contrasts, alongside shared characteristics such as environmental legacies, socio-economic restructuring, and
the presence of art- and community-based initiatives, allow for a complementary reading of distinct post-
mining pathways.

Fieldwork was conducted in October 2025 at Lousal (21-24 October) and Sdo Domingos (27-31
October). It included unguided and guided site visits, systematic observation of industrial remains and
exhibition spaces, photographic documentation, and informal conversations with staff and local actors.
Particular attention was paid to spatial organisation, interpretive strategies and narratives, remediation areas,
accessibility, visitor infrastructure, and the physical condition of the site and built structures. At Lousal, the
visit was conducted with science communicator Margarida Oliveira and included access to permanent
exhibitions, outdoor remediation zones, and interpretive routes. At Sdo Domingos, fieldwork was carried out
with Manuel Marques (Municipality of Mértola) and Fundagdo Serrdo Martins staff members, and included
observation of the mining complex, restored public buildings, miners’ housing, and cultural venues.
Attendance at a public participatory workshop organised within the framework of the INCOME project!
(University of Evora) provided additional insight into environmental concerns, community perspectives, and
current research partnerships.

Semi-structured interviews were conducted online following the visits with site directors and senior
officials responsible for heritage management and programming, including Alvaro Pinto (ACCVL director in
Lousal) and Manuel Marques (senior municipal official, Municipality of Mértola). Interviews explored

! https://www.income.uevora.pt/
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institutional arrangements, funding structures, remediation processes, exhibition narratives, tourism
dynamics, community participation, and future plans. Both interviews were conducted with informed consent
and audio-recorded for transcription. Following data collection, the case studies were analysed thematically
around five analytical dimensions (Table 1): (1) post-mining realities and management; (2) heritage
interpretation and communication; (3) tourism and socio-economic impacts; (4) art and community
initiatives; and (5) planned initiatives and future directions. The objective is not a strict comparison but a
complementary examination of two distinct post-mining trajectories, illuminating broader debates on mining
heritage management in Portugal.

3. Results and Discussion

Table 1: Post-Mining Management Models in Lousal and Sdo Domingos

Dimension Lousal Sao Domingos
Environment & Managed contamination, structured Severe but managed contamination, partial
1. Post-Mining Remediation remediation remediation
Realities & Hybrid public—private governance
Hybri lic—privat rnance, former yord p _private & i
Management Governance ybrid public-private governance, forme municipally sustained, limited landowner

mining company remains involved
engagement

Managed free-entry cultural sites (Cine
Teatro and Casa do Mineiro); free-access
mining site of two circuits: Urban and

Managed and ticketed infrastructure,
Offer including a museum, a science centre, and a
mine gallery section; free-access mining site

2. Heritage Industrial
Interpretation & Indoor: technical-industrial narrative Strong emphasis on social memory.
Communication dominant, social history secondary, strong  Indoor: miners’ lifestyle and artefacts, no

Narrative educational infrastructure. Outdoor: permanent interpretive centre. Outdoor:
Environmental impacts, remediation, Open-air, attraction-based distributed
geology, and biodiversity interpretation.
Year-round structured cultural-scientific ~ Leisure-heritage hybrid model; beach and
3. Tourism & Tourism tourism; school-based flows; transport nature tourism; educational activities;
Socio-Economic constraints structural fragility; transport constraints
Impact Socio-Economic Stable and monitored visitor flows supporting Seasonal leisure-driven tourism producing
Impact a modest local service economy incremental but limited economic gains
Integrated artistic collaborations; institutional ~ Strong participatory art projects; deep
4. Art & Community Initiatives partnerships; moderate community co- grassroots involvement, and community-
production led initiatives

Narrative integration and expansion of
exhibition space; further remediation;
renewable energy projects

5. Planned Initiatives & Future
Directions

Interpretative centre ambition; further
remediation; renewable energy projects

3.1.Lousal
3.1.1. Post-Mining Realities and Management

Lousal’s mining site covers approximately 175,000 m?. The physical imprint of nearly a century of sulphide
extraction remains evident across the site (See Figure 2). Waste-rock deposits, exposed tailings and
persistent acid mine drainage have produced polluted lagoons, soil acidification, and generated metal
contamination that once affected local groundwater, including the Corona stream (a tributary of the Sado
River) (Luis et al., 2011). Remediation combined hydrological control measures, including water treatment
basins, with soil requalification and geomorphological stabilisation. The approach aimed at impact
management with the landscape transformation intentionally preserved as a material testimony to the site’s
mining history (Pinto, interview). Beside environmental impacts, post-mining out-migration and
demographic ageing persist with population figures of roughly 250280 residents (Pinto, interview).
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Figure 2: General View of the Lousal Mining Site. Author. 22 October 2025.

Lousal operates under a public—private hybrid governance model in which the former mining
company remains actively involved. The Lousal Cultural Complex is managed by the Associa¢do Centro de
Ciéncia Viva do Lousal (ACCVL), bringing together municipal, institutional and corporate partners who
contribute personnel, funding and technical expertise (Pinto, interview). ACCVL is embedded in the national
Ciéncia Viva network, which links local heritage communication and to a broader institutional infrastructure
for science communication. According to Pinto, the association also participates in knowledge production
and collaborates with applied research projects, which keeps its scientific content relevant and updated. In
addition, it has longstanding partnerships with the Faculty of Fine Arts of the University of Lisbon which has
embedded artistic practice across the site, both enriching its offer and connecting and engaging with local
communities. In terms of funding, besides ticketing and merchandising revenue, and competitive grants or
project funds derived from national and EU programmes, ACCVL receives a mix of institutional
membership support, including the Municipality and regional bodies (e.g. Comissdo de Coordenagdo e
Desenvolvimento Regional do Alentejo — CCDR Alentejo has supported archival work and local
documentation), and private partners such as SAPEC Parques Industriais and Costa Terra, while the Faculty
of Sciences of the University of Lisbon provides personnel.

3.1.2. Heritage Interpretation and Communication

Heritage interpretation at Lousal reflects the institutional hybridity described above. The Mining Museum
concentrates primarily on technical histories — mining machinery, compressed air (See Figure 3) and
generator plants, geological services, and the chemical laboratory. It foregrounds extraction technologies and
narratives of technical mastery, geological expertise, and industrial modernisation, while social history has
less interpretive weight. The Ciéncia Viva centre complements the museum with scientific modules covering
geology, mineralogy, crystallography, volcanism, resource mapping, radioactivity, biology and physics; it
integrates interactive modules, educational laboratories and hands-on activities aimed at diverse age groups.
Exhibitions explicitly link everyday artefacts to material flows and mineral dependency, using gamified
displays and interactive quizzes to communicate how metals and non-metals underpin modern consumption.
Nevertheless, broader conversations about mineral futures — including limits to recycling, geopolitical
dependencies and scenarios beyond continued extraction — are largely absent from permanent displays and
appear mainly through mediated encounters: guided tours, temporary exhibitions and event programming.
Similarly, environmental impacts are sensed outside the exhibitions via the polluted lagoons, exposed waste
heaps, and remediation infrastructure, which are interpreted on-site via panels and technical guides.
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Community participation and heritage co-production are present in Lousal’s interpretive structure, but their
visibility remains uneven. Former miners and local contributors have supplied oral testimonies, guided tours,
and practical labour (for example, the reconstruction of pedagogical mining models), yet these inputs are
often under-documented in written exhibition material. In operational terms, ACCVL has invested in
accessibility and multilingual mediation: guided tours, workshops and audio guides are provided in multiple
languages (Portuguese, English, French, Spanish and German), and Portuguese Sign Language.

Beyond exhibition spaces, there are efforts to foreground ecological knowledge and ecosystem
awareness within the site. The recent content update of Aqui Ha Bicho (There Are Creatures Here) reflects a
growing concern with communicating local biodiversity and ecosystems. Importantly, education constitutes a
central communication pillar of ACCVL. The centre delivers structured programmes for schools, including
the Science School (Escola Ciéncia Viva /| A Escola é Uma Mina), which integrates activities in geology,
chemistry, physics, and environmental sciences with site-specific learning in the former mining landscape. It
also takes part in thematic initiatives such as Science and Technology Week, regional science fairs, and
public events, communicating both science and contemporary environmental challenges.

Figure 3: Lousal’s Mining Museum - Compressed Air Production Hall. Author. 22 October 2025.
3.1.3. Tourism and Socio-Economic Impacts

The socio-economic effects of the Lousal complex are multidimensional. Heritage and science programming
generate sustained visitor flows — approximately 15,000—-17,000 visitors annually and around 195,000 since
2010 (Pinto, interview)* — stimulating local services, hospitality, and accommodation, contributing to
commercial activity beyond peak tourist seasons, while creating direct and indirect employment in cultural,
educational, and tourism sectors. The site also receives international tourists from 15 to 25 countries each
year, mainly from Spain, Germany, France, the Netherlands, and the United States.

Beyond tourism, educational initiatives — particularly the Science School — maintain a regular presence
of school groups, teachers and families, while free access for local residents to the complex and its wooden
walkways supports everyday recreational use and reinforces local attachment. The presence of a relatively
young professional population has also increased demand for schooling and childcare, signalling modest
demographic dynamism.

Nevertheless, these effects remain incremental, and the long-term viability of the cultural-scientific
tourism model, along with its socio-economic contribution, depends on growing visitor numbers,

2 https://lousal.cienciaviva.pt/publicos/
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diversifying programming, and strengthening regional connectivity. Lousal’s rural location and limited
public transport restrict car-free access. Although ACCVL encourages organised group travel and has
secured technical train stops, expanding and diversifying accessibility options remains essential to enhance
inclusion and ensure long-term resilience.

3.1.4. Art and Community Initiatives

Artistic programming forms part of Lousal’s broader cultural management strategy. These programmes have
a dual role: they diversify the complex’s cultural offer and open interpretive space for social, affective, and
political dimensions of mining heritage that may otherwise remain secondary to technological and scientific
framings. According to Pinto, integrating art into everyday visitor routes reactivates industrial ruins as spaces
of cultural encounter, encouraging reflection and community engagement. Collaborations with the Faculty of
Fine Arts have produced site-specific works in sculpture, painting, and installation, inserting affective and
aesthetic registers into a setting otherwise dominated by technical and scientific narratives. Recent artistic
residencies have addressed themes such as sensory histories of mining, territorial identity, and social
memory (Oliveira & Vicente, 2023), introducing perspectives not always foregrounded in the permanent
exhibitions. Finally, public performances, photographic exhibitions, and open-air film screenings extend the
site’s use beyond standard museum hours and tourist circuits, enriching local cultural experiences.

3.1.5. Planned Initiatives and Future Directions

Institutional actors at Lousal acknowledge existing gaps in the integration of social history and recognise the
need to embed environmental narratives more systematically within permanent exhibitions. Pinto outlines
intentions to expand exhibition space through the creation of a dedicated interpretive area explicitly
combining social, geological, and environmental perspectives. This reflects an intention to move beyond
reliance on guided mediation towards more self-sustained exhibition content.

Operational sustainability and decarbonisation are also prioritised. Photovoltaic systems are being
introduced to supply the complex, accompanied by real-time displays of on-site production and consumption.
These installations are conceived not only as infrastructural improvements but also as interpretive tools,
linking operational practice to broader debates on energy transition.

Artistic programmes and community-led initiatives remain central to site renewal strategies. Planned
residencies, workshops, and co-created public art projects aim to sustain local engagement and broaden
interpretive discourses beyond predominantly technical, scientific, or tourism-oriented framings.

3.2.S30 Domingos
3.2.1. Post-Mining Realities and Management

The Sdo Domingos mining complex presents a layered post-extraction landscape in which extensive
industrial ruins and acidic lagoons coexist with a renovated townscape that continues to host cultural,
educational and sporting facilities in a site of 2,000 hectares. Despite remediation and mitigation measures
undertaken by EDM, the site’s environmental condition remains severe, and soil contamination is considered
irreversible (Alvarenga et al., 2022). To date, two of the six planned phases of environmental rehabilitation
have been implemented, addressing surface runoff water, with the remaining phases of waste and draining
management, decontamination of the Ribeira de Mosteirdo Valley Downstream, and mining heritage
valorisation still pending.> Contamination, however, does not affect local aquifers or water used for human
and animal consumption, and therefore does not generate acute concern among residents, who are generally
well informed about environmental conditions (Marques, interview). The continued presence of inhabitants
prevents complete abandonment, yet it also exposes demographic fragility, with a population of around 500
inhabitants and depopulation remaining a structural challenge. Sdo Domingos thus occupies an intermediate
position between abandonment and reinvention: its physical fabric bears the imprint of extraction and
environmental degradation; its social fabric reflects demographic decline; yet its cultural life demonstrates
persistence and ongoing experimentation.

3 https://edm.pt/projetos/recuperacao-do-sistema-de-canais-de-recolha-de-aguas-de-escorrencia/
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Cultural management is primarily led by the Serrdo Martins Foundation, working in close cooperation
with the Municipal Council of Mértola. In practice, this configuration amounts to municipally sustained
heritage management rather than a financially autonomous foundation or genuine public—private partnership.
Although the landowner, La Sabina, is formally part of the governance structure, it plays a limited role, and
the Foundation’s preservation and programming activities depend largely on municipal support (Marques,
interview). Access to the mining complex and to the Casa do Mineiro is free of charge; revenue derives
primarily from merchandise sales, guided visits, project-based funding, organised events, and concessions
associated with the Tapada Grande river beach, originally constructed as a reservoir for ore washing. This
arrangement reflects both commitment and constraint: there is clear local determination to sustain the mine
as a cultural asset, yet financial and administrative resources remain restricted.

3.2.2. Heritage Interpretation and Communication

Sdo Domingos operates largely as an informal open-air museum. The material ensemble is structured
through two complementary circuits.* The Urban Circuit includes the Church of Sdo Domingos (Saint
Dominic), the Cineteatro, Cross Brown football field, the former Administration Palace, the garden and
housing of the English Quarter, the Workers’ Quarter, the Mine Police Station, the English Cemetery, the
Musical Club, the Republican Centre of 5 October, and Tapada Grande. The Industrial Circuit extends
across the 17-kilometre Ore Route (Rota do Minério), linking the Mine Entrance, the open pit (Figure 4), the
headframe (locally known as the Malacate), the Railway Workshops, Moitinha, the Ore Dock at Pomarao,
the Power Station, and the roasting furnaces at Achada do Gamo. Signposted with bilingual interpretative
panels, these circuits organise spatial memory and structure visits and educational activities, maintaining the
visibility of both the industrial infrastructure and the social fabric shaped by mining.

Figure 4: Open Pit at Sdo Domingos Affected by Mine Acid Drainage. Author. 30 October 2025.

Despite this spatial organisation, the absence of a permanent interpretative centre remains a
recognised limitation. The Cinefeatro has functioned as the principal venue for heritage mediation, having
previously hosted thematic exhibitions on mining history, labour struggles, and environmental degradation,
displaying artefacts, tools, documents, and personal testimonies contributed by residents (Silva, 2012;
Martins 2013). In 2019, the building underwent restoration works, and the permanent exhibition was
dismantled. It now operates primarily as a flexible cultural venue hosting temporary exhibitions and a

4 https://www.fundacaoserraomartins.pt/index.php?id=rota-do-minerio
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diverse programme of theatre, cinema, music and public events. Nevertheless, selected objects remain on
display, including mineral samples, miners’ helmets, a gasometer, medical instruments, a lantern, a
locomotive identification plate (“Mina de Sdo Domingos 1902 N°1”), original wooden benches, and the
historic Cinemascope projector. The memory of that exhibition persists locally, alongside aspirations to
establish a future purpose-built interpretative facility. Complementing this, the Casa do Mineiro is a
reconstructed 16 m? miner’s dwelling that recreates the cramped domestic conditions of a late nineteenth-
century household (Figure 5).

Figure 5: Casa do Mineiro (Reconstructed Miner’s Dwelling). Author. 28 October 2025.

Documentation and pedagogical mediation form a central pillar of the Foundation’s strategy. The
Documentation Centre and the Casa do Mineiro conserve tools, photographs and company records and are
intended to serve as the nucleus for more systematic archival and research activity. Expanding the archival
collection and recording oral testimonies are explicit objectives and ongoing processes.” For school
audiences, the Foundation has developed the Maleta do Mineiro — an educational toolkit co-produced with
the local vocational school in Mértola — comprising games and interactive materials addressing social
history, geology, anthropology and everyday life in the mining settlement.® This decentralised and portable
model of interpretation strengthens regional educational networks and positions Sdo Domingos as a
pedagogical resource rather than a static monument.

3.2.3. Tourism and Socio-Economic Impacts

Historically, the mine retained symbolic importance for former residents and their descendants, who return
during the summer. This emotional return migration already sustained a degree of seasonal activity. Tourism
was consolidated through targeted interventions. These included the rehabilitation of the former Supervisor’s
Palace of the British mining company and its conversion into the Hotel Alentejo Star, which played an
important role in expanding local accommodation capacity. The upgrading of the Tapada Grande river beach
significantly intensified visitation, introduced a new leisure dynamic, and diversified the visitor profile. At
the same time, infrastructure and logistics were developed to support activities beyond cultural visits,
including stargazing, canoeing, pedal boats, paddle sports, mountain biking and jeep circuits, offered by local
businesses. This constitutes a hybrid model of tourism, combining leisure, nature, sport, and mining heritage,

5 https://www.rostosdaaldeia.pt/beja/mina-de-sao-domingos/sara-ribeiro-respigadora/

¢ https://www.fundacaoserraomartins.pt/index.php?id=mala-do-mineiro
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which encourages extending visits from short stops to multiple days. The increase in visitors has triggered
secondary infrastructure needs: service areas for motorhomes, improvements to facilities, expansion of local
accommodation and restauration offer, and provision of a more adequate signage and public transport
connections. Socio-economic outcomes are incremental rather than transformative. Tourism has increased;
accommodation has expanded; cultural participation has grown. Yet structural challenges, population
decline, infrastructural limits, and funding dependency remain.

3.2.4. Art and Community Initiatives

The town hosts a variety of art and cultural endeavours. Notably, the Malacate project,’” funded through EEA
Grants and led by the Cepa Torta collective, represents a distinct approach to post-mining valorisation:
cultural activation through participatory art. Between 2021 and 2023, both local and international artists had
residencies featuring workshops, theatrical exercises, art installations, and school activities, in which
residents were active participants. Considered a success, the project was renewed for 2026 with a new set of
activities. Furthermore, the creation of the Malacate Council — an informal deliberative group including
artists and locals who discuss cultural projects — demonstrates a move toward participatory governance in
cultural programming, aligning with contemporary heritage models that prioritise co-creation and
community ownership. Other projects, according to Martins, include Futurama and Sementeira. Through its
project Cantexto, Futurama brought musicians to Sdo Domingos to create new ‘modas’ (music pieces for
choral singing), later incorporated into the repertoire of local choirs.® Sementeira organised artistic
residencies at the mine, requiring artists to develop their work on-site in direct engagement with the local
landscape and community. Beyond institutional and artistic projects, community associations remain active.
The Choral Group organises gatherings; sports clubs host convivial matches, sometimes with teams from
other mining regions in Portugal and Spain; hunting associations and gym groups maintain regular activities.

3.2.5. Planned Initiatives and Future Directions

A variety of projects and proposals point to different possible futures for Sdo Domingos. Environmental
rehabilitation remains a central priority yet pending due to funding constraints. The Foundation and the
Municipality have articulated intentions for a formal interpretative centre to house the preserved artefacts
and more effectively communicate the town’s history. As Marques explains, this ambition depends on
securing funds, selecting an appropriate location, ensuring a sensitive architectural design within the
classified ensemble, and obtaining approval from the landowner, La Sabina. Practical obstacles persist,
notably the limited engagement of the landowner in heritage matters, which has already delayed a proposed
archaeological intervention at the former power station due to pending authorisation.

Nevertheless, a potentially transformative initiative is private investment in renewable energy.
Recent reports indicate that German investors, together with La Sabina Green Energies, are planning multi-
phase installations — including photovoltaic (¢.500 MW), wind (c.50 MW), and green hydrogen facilities —
on the former concession area, with projected investments of up to €500 million.® While these projects could
bring economic benefits, they also raise critical questions about land use, ecological trade-offs, the
distribution of gains, heritage preservation, and compatibility with tourism and remediation goals. Marques
further notes that such developments would face significant technical constraints, including limited water
availability, lack of conditions, and the common challenges of operating within a classified site.

Finally, both residents and Foundation staff — voiced during the interview and the INCOME public
session — emphasise the need for initiatives that combine preservation with active engagement. Priorities
include a permanent exhibition or interpretative centre, continued archival work and digitisation of company
records, improved trail signage and visitor infrastructure, ongoing community involvement in planning, and
the acceleration of remediation phases to allow safe and sustainable reuse of the site. Realising these
objectives will require close coordination between the Municipality, the Foundation, the private owner, and
external funding sources.

7 https://www.malacate.pt/
8 https://www.futurama-alentejo.com/pt/arquivo/cantexto
9 https://jornaleconomico.sapo.pt/noticias/alemaes-investem-28-milhoes-em-projeto-solar-na-mina-de-sao-

domingos/?fbclid=IwY2xjawFAb8dleHRuA2FIbQIxMQABHeaOcfZE4WpGy0zc1 g6 B4hKkwIruwQTnmGvnMKEY eGQ7KN;jl-
_z85BfBJw_aem_ajD5BZruOJVpGy gMr OWQ&photo=2&sfnsn=mo
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4. Conclusion

Documenting post-mining realities reveals layered complexities and persistent tensions. Environmental
degradation continues despite remediation projects. Institutional arrangements are equally complex,
involving collaborations and negotiations between former corporate actors, municipalities, foundations,
national science networks, cultural associations and artistic collectives, each operating with distinct
priorities, capacities and temporal horizons.

Although Lousal and Sdo Domingos share a common geological history, comparable environmental
legacies and demographic fragility, they have evolved through different governance structures and
valorisation strategies. Lousal represents a structured rehabilitation model grounded in hybrid governance.
Its positioning as a heritage site, science centre, and remediation example distinguishes it from more
conventional single-purpose mining museums. The continued involvement of the former mining company,
integration within the national Ciéncia Viva network, and stable institutional partnerships have enabled
coordinated remediation, scientific communication, and diversified cultural programming. Heritage
interpretation is concentrated within a managed and continuously updated complex, reflecting institutional
reflexivity and long-term strategic planning, and suggesting a comparatively stable post-mining pathway.

Sao Domingos reflects an urban/industrial landscape case. Environmental remediation remains
incomplete with a vastly larger mining concession, more extensive landscape transformation, and heavier
pollution. Its governance depends largely on municipal capacity and community mobilisation, with limited
engagement from the private landowner. Interpretation is spatially distributed across the site, supported by
participatory cultural initiatives and educational tools, yet it lacks a dedicated interpretative centre. Tourism
follows a hybrid model combining heritage, leisure, and nature, which has expanded visitation, but remains
strongly seasonal and structurally constrained. The prospect of large-scale renewable energy installations
introduces further uncertainty to the future of the town.

In both cases, tourism is challenged by seasonality and its infrastructure remains limited. Local
businesses operate within limited markets, accommodation, catering, and transport infrastructures are
insufficient for large-scale expansion, and promotional strategies largely remain regional in scope.
Furthermore, socio-economic realities remain more modest than the transformative narratives of heritage-led
development. Demographic decline persists, along with challenges in terms of access to healthcare, public
transport, educational services and everyday infrastructure. While cultural programming may reinforce local
attachment and visibility, revitalisation remains fragile without demographic consolidation and provision of
basic services. These conditions underline the need for broader territorial coordination, improved
connectivity, and long-term investment frameworks capable of situating heritage initiatives within wider
development strategies. The cases demonstrate that effective post-mining transition requires alignment
between environmental remediation and cultural activation, governance arrangements that balance public
and private interests, and heritage practices that engage critically with resource histories while contributing
to economic diversification.
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Abstract

Post-mining regions face a dual challenge: managing environmental and safety legacies while enabling
credible economic redevelopment that can absorb labour, attract investment, and retain regional identity. This
article(presentation) positions industrial heritage as enabling infrastructure for redevelopment, with a specific
emphasis on how post-mining assets can be recombined into new local “platforms” that support
entrepreneurial activity and, where feasible, industrial symbiosis.

The research asks how three Estonian oil shale post-mining reuse trajectories can be assessed as economic-
redevelopment models and as potential anchors for symbiotic linkages. The comparative case set comprises
Kivioli’s adventure- and recreation-led redevelopment of oil shale heritage landscapes, the emerging
motopark and viewpoint development on the Estonia mine waste rock heap, and the Aidu watersport/rowing-
centre redevelopment of an oil shale open cast mine.

Methodologically, the study combines planning and policy review with stakeholder engagement and site-level
assessment focused on legacy and business opportunity. The analysis explicitly tracks where redevelopment
value is created (complementary service ecosystems and place-based branding) and where symbiosis
opportunities may realistically emerge through co-location, shared utilities, and the repurposing of industrial
surfaces, illustrated by the parallel emergence of new-energy infrastructure on post-mining industrial land.
The expected contribution is a decision-oriented framework that helps closure planners and regional
developers evaluate post-mining industrial heritage not only as a conservation object but as a redevelopment
asset with measurable economic outputs and identifiable pathways toward symbiosis-enabled upgrading.

Keywords: Mining Heritage, Oil Shale, Circular Economy, Economic Redevelopment, Industrial Symbiosis

1. Introduction

Post-mining regions increasingly operate at the intersection of closure obligations and regional development
imperatives. Beyond stabilising landforms and managing long-term environmental and safety risks, these
regions must also generate credible pathways for economic renewal. Pathways that can attract investment,
create employment, and sustain local identity after extraction declines. In this context, post-mining industrial
heritage should not be treated solely as an object of conservation, but as a potential redevelopment asset: a set
of material and spatial resources (landforms, surfaces, access routes, and infrastructure) that can be recombined
into new place-based platforms for entrepreneurship, services, and, where enabling conditions exist symbiosis-
enabled upgrading through co-location and shared utilities.

1.1. Post-mining transition as a dual challenge
Post-mining regions face a dual technical and socioeconomic challenge. On the one hand, closure and post-
closure require long-term management of environmental, safety, and liability issues. On the other hand,

regional actors must enable credible economic redevelopment that can absorb labour, attract investment, and
sustain a coherent identity after extractive activity declines. In practice, these challenges become intertwined:
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unresolved legacy constraints can block investment, while weak redevelopment pathways can undermine
public support and long-term stewardship.

A persistent gap in post-mining practice is that redevelopment is often framed as “aftercare” or “land reuse”
without an explicit theory of how local economic value is created, scaled, and sustained. The result is a
mismatch between (i) closure planning, which tends to prioritise stability and risk control, and (ii) regional
development, which depends on investable propositions, operator models, and complementary service
ecosystems. This study addresses that gap by treating industrial heritage as enabling infrastructure for
redevelopment rather than as a static conservation object.

1.2. Industrial heritage as a redevelopment platform and the role of symbiosis

Industrial heritage has typically been discussed through conservation, interpretation, and adaptive reuse, with
attention to how heritage can contribute to place identity, tourism, and regeneration. A useful extension for
post-mining contexts is to conceptualise heritage assets (landforms, structures, access routes, utilities, and
industrial surfaces) as a platform: a modular base that can host multiple complementary activities over time.
This platform view shifts the unit of analysis from a single “project” to an evolving local system of operators,
services, events, and users. Where value is created through complementarities and repetition rather than one-
off investments.

Where conditions permit, the platform can also enable industrial symbiosis, understood as a cooperative
advantage created through geographically proximate exchanges and shared systems (e.g., utilities,
infrastructure, space, or by-products). The industrial symbiosis literature emphasises that proximity and
collaboration are key enablers, but that not every site is a realistic candidate; screening for feasible pathways
is therefore essential. (Chertow, 2000) In post-mining regions, symbiosis can extend beyond classic by-product
exchanges to include shared utilities, shared infrastructure, and the repurposing of industrial surfaces for new
energy or circular activities, provided legacy constraints, governance, and operator models are aligned.

1.3. Study aim, questions, and contribution

This study asks: How can post-mining industrial heritage trajectories be assessed as economic-redevelopment
models and as potential anchors for symbiotic linkages? The study develops and applies a comparative,
decision-oriented assessment across three Estonian oil shale post-mining reuse trajectories: (1) Kividli’s
adventure- and recreation-led redevelopment of heritage landscapes, (2) the emerging motopark and viewpoint
development on the Estonia mine waste-rock heap, and (3) the Aidu watersport/rowing-centre redevelopment
of an open-cast mine. These three study areas are shown in Figure 1.
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Figure I Three study areas in the Estonian oil shale deposit

The expected contribution is a decision-oriented framework that helps closure planners and regional
developers evaluate industrial heritage as a redevelopment asset with (i) measurable economic outputs, (ii)
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identifiable value-creation mechanisms (service ecosystems and place-based branding), and (iii) realistic
pathways toward symbiosis-enabled upgrading rather than aspirational “one-size-fits-all” circularity.

2. Materials and Methods
2.1. Comparative case design and selection logic

The study uses a comparative case design to examine three post-mining reuse trajectories that differ in
redevelopment logic, maturity, and asset type, while sharing a common extractive context (oil shale) and
regional legacy conditions. The case set was selected to maximise variation along three dimensions: (i)
dominant value proposition (adventure/recreation vs motorsport/viewpoint vs watersport/rowing), (ii) stage of
redevelopment (established vs emerging), and (iii) heritage asset configuration (landscapes and landforms vs
waste-rock heap vs open-cast waterbody). This variation enables analytic comparison of how platform value
is produced and how symbiosis opportunities may (or may not) emerge.

2.2. Assessment protocol: from “legacy constraints” to “business opportunity”

Site-level assessment was structured around two lenses: legacy constraints and business opportunity. The
legacy lens captures factors that can impose long-term costs or block investment (e.g., safety, stability,
contamination management, access restrictions, monitoring obligations, and liability clarity). The opportunity
lens captures factors that increase investability and operational feasibility (e.g., connectivity, utilities,
visibility, modular spaces, event capacity, and compatibility with complementary services). Site observations
were recorded using a standardised data collection method, supported by photographs and basic mapping.

2.3. Analytical logic: tracking value creation and screening symbiosis feasibility

Analysis proceeded in two linked steps. First, each case was assessed for how redevelopment value is created,
operationalised through (i) the density and diversity of complementary service ecosystems (operators,
suppliers, hospitality, events, education, maintenance), and (ii) place-based branding mechanisms (narratives,
signature experiences, repeat visitation, and external visibility). Second, each case was screened for symbiosis
feasibility using a pragmatic definition of symbiosis opportunities as those that can realistically emerge through
(a) co-location, (b) shared utilities, and (c) repurposing of industrial surfaces. The screening explicitly
distinguishes “conceptually attractive” ideas from those supported by enabling conditions such as governance
clarity, infrastructure availability, and operator incentives.

2.4. Framework development: decision-oriented synthesis across cases

The decision-oriented framework was developed through cross-case synthesis, translating qualitative evidence
into a structured set of evaluation dimensions and practical decision questions. Iteration occurred by comparing
(i) what the framework would recommend for each site, and (ii) what is currently happening or planned in
practice, to ensure the framework is both analytically coherent and operationally usable for planners and
developers.

3. Results and Discussion

All three case sites demonstrate that post-mining land can be repurposed into functioning, economically
oriented uses rather than remaining a closure burden. While each trajectory differs in maturity and core value
proposition: adventure and recreation (Kivioli), an emerging motopark and landmark viewpoint (Estonia mine
waste-rock heap), and a watersport/rowing centre (Aidu). They share a common logic: industrial heritage assets
are recombined into new place-based “platforms” that attract users, enable complementary services, and
gradually build external visibility. The results section, therefore, uses the three cases to show (i) where
redevelopment value is created through service ecosystems and branding, and (ii) under what conditions
symbiosis options (co-location, shared utilities, repurposed industrial surfaces) are realistic rather than
aspirational.
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3.1. Case A — Kividli: adventure- and recreation-led redevelopment platform

Kividli represents an established trajectory in which post-mining heritage landscapes are recombined into an
adventure- and recreation-led platform. The redevelopment logic is experience-centric: the heritage landscape
itself serves as the core asset, while value is amplified through complementary services such as events,
hospitality, equipment rental, instruction, maintenance, and supporting enterprises, such as Kividli
Seikluspark. This configuration illustrates how an industrial heritage asset can shift from “site” to “system,”
where revenue and employment potential depend on repeat visitation, seasonal programming, and the
reliability of the service ecosystem.

Kividli Seikluskeskus, the site operator, developed the semi-coke hill between 2001 and 2013, converting
the ~90 m anthropogenic landform into a ski and adventure tourism facility. This redevelopment established a
multi-season operating model, enabling both winter (ski-based), as shown in Figure 2 and summer
(adventure/leisure), as shown in Figure 3, activities and thereby supporting year-round site use. (Kivioli
Seikluskeskus, 2026)
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Figure 2 Kivoli adventure centre in winter (photo by Kivioli Seikluskeskus)

Figure 3 Kivioli adventure park in summer (photo by Kivioli Seikluskeskus)
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From a platform readiness perspective, Kividli’s model highlights the importance of access, safety
management, and operational clarity. Where heritage landscapes are used actively, safety and liability
management must be embedded into the operating model rather than treated as an external compliance burden.
The case also suggests that the most immediate economic value may come from service complementarities
rather than from industrial re-use in the narrow sense. Symbiosis opportunities, therefore, are likely to be
“light-industrial” or infrastructure-sharing in nature (e.g., shared utilities, shared logistics, multi-use spaces),
unless there is a clear anchor tenant or adjacent industrial demand that can support physical exchanges.

3.2. Case B — Estonia mine waste-rock heap: emerging motopark and viewpoint trajectory

The Estonia mine waste-rock heap case represents an emerging redevelopment pathway focused on motopark
and viewpoint development. As an early-stage trajectory, it has primary analytical value in showing how “path
dependence” is created: early design and governance choices can either preserve optionality for future
complementary uses or lock the site into a narrow, fragile revenue model. In particular, the site’s visibility and
distinct landform can support place-based branding, but long-term viability depends on whether
complementary services (events, visitor services, training, maintenance, partnerships) are planned as a
deliberate ecosystem rather than assumed to emerge organically.

The Estonia mine waste-rock heap (“motomaigi”) (Figure 4) is being repurposed into an experience-oriented
destination under the Estonia Elamuspark initiative. The operator, MTU Estonia Elamuspark, initiated active
development in early 2024 and announced the first public open day for late May 2024. During this event,
visitors could reach the summit via a long serpentine cycling route and take part in on-site activities, including
anewly introduced cross-country running event. The site’s physical infrastructure, specifically the motor track
and the serpentine access route to the summit, is distinctive in the Estonian context, highlighting how an
anthropogenic landform can be mobilised as a redevelopment asset rather than remaining a residual closure
feature. (Pohjarannik, 2024)

For closure planners and developers, this case foregrounds two practical issues. First, legacy constraints
(stability, safety, access control, monitoring) can determine not only what uses are permitted, but also what
operator models are feasible. Second, if symbiosis is an objective, it should be “designed in” through
infrastructure and spatial decisions that enable co-location and shared utilities. Without such enabling
investments, symbiosis remains rhetorical. The emerging nature of this trajectory makes it a strong candidate
for applying the decision-oriented framework proactively: it is easier to build platform readiness than to retrofit
it later.

Figure 4 Estonia mine waste rock heap as a motopark (photo by Pohjarannik)
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3.3. Case C — Aidu: watersport/rowing-centre redevelopment of an open-cast mine

Aidu represents a water-based redevelopment model in which an open-cast mine landscape is repurposed as a
watersport and rowing-centre trajectory. Here, the core asset is a waterbody and associated landscape
configuration that can host sport, training, and events. The value-creation mechanism again relies on
complementarities: sporting activity alone rarely sustains a full local economy, but it can anchor related
services (accommodation, food services, event logistics, coaching, equipment, and regional visitor itineraries).
This case thus demonstrates how a post-mining landscape can become a brandable “signature asset” that
supports a broader service economy.

The transformation of the Aidu oil shale open cast mine into a rowing centre began as a visionary initiative
aimed at repurposing the vast, water-filled excavation voids into a functional and attractive sports venue
(Kruuse, 2009). The concept was driven by the site’s unique geological and hydrological features, which made
it especially suitable for water-based activities. The linear shape, depth, and sheltered nature of the former
mine voids offered the potential to create long, calm stretches of water ideal for rowing competitions and
training (Figure 5). (Karu, 2025)

The case also illustrates how legacy constraints shape opportunity. Water-based reuse introduces distinct
safety, maintenance, and governance requirements compared to landform-based recreation. The long-term
viability of the platform depends on clarity of responsibilities for monitoring, maintenance, and risk
management, as well as on the operator’s ability to create repeat demand beyond one-off events. Symbiosis
opportunities in such a setting are most plausible through shared utilities and co-located functions that benefit
from the site’s space, access, and visibility, rather than through complex by-product exchanges.
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Figure 5 Aidu rowing channel (photo by Eesti Soudeliit)

3.4. Cross-case comparison: three platform logics and where economic value is created

Across the three cases, three platform logics are visible: (i) an experience-ecosystem platform (Kividli), (ii) an
emerging landmark-and-events platform (waste-rock heap), and (iii) a sport-and-training platform (Aidu). In
all three, economic value is created primarily through complementary service ecosystems and place-based
branding rather than through a single dominant revenue stream. The practical implication is that post-mining
redevelopment strategies should be evaluated by their capacity to sustain an ecosystem of operators and
services over time, not only by their capital expenditure or the symbolic appeal of heritage.

275



Industrial Heritage as a Redevelopment Platform: Multi-Site Insights from Estonian Oil Shale Mining Region Veiko Karu

A second cross-case pattern is that platform success depends on the alignment of three conditions: (a)
physical readiness (access, utilities, usable surfaces), (b) governance readiness (liability clarity, permissions,
long-term management), and (c) market readiness (repeat demand and partnerships). Sites that are strong on
branding but weak on governance or utilities risk becoming “one-off attractions” with limited employment
absorption. Conversely, sites that are operationally robust but lack a clear narrative may fail to attract demand.

3.5. Where symbiosis is realistic: screening pathways rather than assuming circularity

Industrial symbiosis is frequently invoked in post-industrial transitions, but the cases underline the need for
realism. A pragmatic approach is to distinguish between (i) symbiosis as physical exchange
(materials/energy/water/by-products), (ii) symbiosis as shared utilities and infrastructure, and (iii) symbiosis
as spatial co-location that reduces costs and enables complementarities. The industrial symbiosis literature
emphasises collaboration and proximity as key enablers, but also implies that successful symbiosis requires
suitable anchors, governance, and transaction capacity.

In post-mining settings, the most plausible near-term pathways often involve shared utilities and the
repurposing of industrial surfaces, especially as many regions increasingly consider disturbed industrial land
for renewable energy deployments, thereby reducing land-use conflict and leveraging grid proximity. For the
cases in this study, symbiosis is therefore treated as an option set: an upgrading pathway that becomes feasible
when specific enabling conditions are met (e.g., available grid connection, operator incentives, multi-tenant
governance, and manageable legacy liabilities). This stance protects planners and developers from over-
promising “circularity” while still identifying actionable routes to symbiosis-enabled upgrading.

3.6. Decision-oriented framework: evaluating heritage as redevelopment infrastructure

Based on the cross-case synthesis, the study proposes a decision-oriented framework that evaluates post-
mining industrial heritage along four dimensions: (1) legacy constraints and liabilities, (2) platform readiness,
(3) value-creation model, and (4) symbiosis option set. The framework is designed for use by closure planners
and regional developers as a structured conversation tool and an assessment scaffold, not as a purely
quantitative index. It enables decision makers to (i) identify where measurable economic outputs are most
likely, (ii) clarify what enabling investments are required, and (iii) specify whether symbiosis is realistic in the
near term or only as a longer-term upgrade path.

Operationally, the framework can be applied in five steps. First, define the asset boundary (what is included
in the “platform” and what is external to it). Second, map legacy constraints and governance responsibilities
that affect investability and operating cost. Third, specify the intended value creation mechanism (experience
ecosystem, landmark-events, training hub, multi-tenant industrial reuse, etc.) and test whether complementary
services are likely to emerge. Fourth, screen symbiosis pathways using co-location, shared utilities, and
industrial surface repurposing as the primary categories. Fifth, translate the outcome into an action plan that
assigns responsibilities to closure planners, municipalities, and operators, including “minimum viable
platform” investments that preserve optionality.

4. Conclusion

This study reframes post-mining industrial heritage as enabling infrastructure for redevelopment by treating
heritage assets as recombinable platforms. Across three Estonian oil shale reuse trajectories, the analysis shows
that economic value is created primarily through complementary service ecosystems and place-based branding,
while symbiosis opportunities require careful screening and enabling conditions rather than assumption. The
cases demonstrate that platform success depends on alignment between physical readiness, governance
readiness, and market readiness; weaknesses in any one dimension can constrain employment absorption and
investment credibility.

The proposed decision-oriented framework provides a practical way to evaluate heritage assets as
redevelopment infrastructure with measurable outputs and transparent trade-offs. It is particularly useful for
emerging trajectories, where early governance and infrastructure decisions strongly shape long-term
optionality and the feasibility of symbiosis-enabled upgrading.
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4.1. Recommendations for closure planners and regional developers

For closure planners, the key recommendation is to treat redevelopment enablement as part of closure
readiness: clarify liabilities, access regimes, and long-term management responsibilities to reduce transaction
costs for operators and investors. Where possible, design closure measures to preserve platform optionality
(e.g., maintain access, protect usable surfaces, and avoid unnecessary fragmentation of land control). For
regional developers and municipalities, the priority is to move beyond “single-project” thinking and plan for
complementary service ecosystems, including operator partnerships, event programming, and skills
development, to stabilise seasonal demand.

For both groups, symbiosis should be approached as an incremental upgrade pathway. Start with feasible
forms, shared utilities, shared infrastructure, and co-location, then expand toward more complex exchanges
only when anchor tenants, governance capacity, and monitoring obligations are sufficiently mature. This
staged approach helps avoid the common failure mode where “circular economy” language outruns the site’s
real constraints and capabilities.

Acknowledgments

This research is supported by COST Action REMINDNET (CA22138), supported by COST (European
Cooperation in Science and Technology), funded by the Horizon Europe Framework Programme of the
European Union. REMINDNET network is looking at case studies of post-mining land use.

References

Chertow, M. R. (2000). INDUSTRIAL SYMBIOSIS: Literature and Taxonomy. Annual Review Environment and
Resources. 25:313-337. https://doi.org/10.1146/annurev.energy.25.1.313

Karu, V 2025, '4 mine closure case study: Aidu oil shale open cast as a centre for future rowing champions after closure’,
in S Knutsson, AB Fourie & M Tibbett (eds), Mine Closure 2025: Proceedings of the 18th International Conference
on Mine Closure, Australian Centre for Geomechanics, Perth, https://doi.org/10.36487/ACG repo/2515 38

Kividli Seikluskeskus. (2026). Kivioli Adventure Centre. https://seikluskeskus.ee/en/ accessed: 04.03.2026

Kriis, K.. (2024). Estonia kaevanduse aherainemde otsas alustab tegevust elamuspark (Activity park is starting the
activities at Estonia mine waste rock heap), Pdhjarannik, https://pohjarannik.postimees.ee/8018080/estonia-
kaevanduse-aherainemae-otsas-alustab-tegevust-elamuspark, accessed: 04.03.2026

Kruuse, M. (2009). Aidu pélevkivikarjddrist voib saada Eesti esimene soudekanal (Aidu reclaimed open cast is the first

rowing channel in Estonia), Eesti Péaevaleht, https://epl.delfi.ee/artikkel/51179434/aidu-polevkivikarjaarist-voib-
saada-eesti-esimene-soudekanal, accessed: 15.04.2025

277


https://doi.org/10.1146/annurev.energy.25.1.313
https://doi.org/10.36487/ACG_repo/2515_38

* MUGLA 202°°

Uluslararasi Madencilik Sonrasi Faaliyetler Sempozyumu, 2026 / 1. Avrupa Madencilik Sonrasi Faaliyetler Konferansi 2026

Maden Sahalarinda Kiiltiirel Miras Etki Degerlendirme Adimlar ve
Profesyonellerin Rolii

Halim Ozatay*', Kihchan Sevmen'!, Serkan Akdemir', Ugur Dag', Yunus Ekim'
! REGIO Kiiltiirel Miras Yonetim Danismanhigi, Ankara/ Arkeolog, Kiiltiirel Miras Uzmant
0zet

Madencilik faaliyetlerinin kiiltiirel miras iizerinde yaratabilecegi geri doniilmez etkiler nedeniyle KMED’ in
bir maden projesine ait yagam déngiisiiniin hangi asamasinda baslatilmas: gerektigi, hangi asamalara dek
surdiiriilecegi kritik oneme sahiptir. KMED; kapsamin belirlenmesi, kiiltiirel mirasa yénelik tespitler,
tespitlerin degerlendirilmesi ve analiz edilmesi, etkilerin yaratacagir olumsuzluklar, bu olumsuzlukiar
karsisinda alinacak onlemler ve tiim bu siiregleri biinyesinde barindwran bir raporun hazirlanmast gibi
biitiinciil ve yasayan bir siirecten olusmaktadir. Dogru yiiriitiilen KMED c¢alismalar: sadece kiiltiirel miras
agisindan pozitif fayda saglamakla kalmaz aym zamanda proje faydalamicilarina da onemli avantajlar
sunar. Rio Tinto’nun Oyu Tolgoi Projesi ve Juukan Gorge vakast gibi uygulama ornekleri maden
projelerinde KMED siireglerinin ve bu siiregte profesyonellerin iistlendigi rollerin onemini agik¢a ortaya
koymasi agisindan onem arz etmektedir.

Anahtar Kelimeler; Kiiltiir, Kiiltiirel Miras, Kiiltlir Varlig, Kiiltiirel Mirasin Korunmasi, Kiiltiirel Miras Etki
Degerlendirme

Cultural Heritage Impact Assessment Steps in Mining Areas and the Role of Professionals
Abstract

Given the potentially irreversible impacts of mining activities on cultural heritage, it is of critical importance
to determine at which stage of a mining project’s life cycle the Cultural Heritage Impact Assessment (CHIA)
should be initiated and through which phases it should be maintained. CHIA constitutes a holistic and
dynamic process encompassing scoping,; the identification of cultural heritage assets; the evaluation and
analysis of findings, the assessment of adverse impacts, the development of mitigation measures in response
to such impacts, and the preparation of a comprehensive report integrating all these components. When
properly implemented, CHIA not only generates positive outcomes for the protection and sustainable
management of cultural heritage but also provides significant benefits to project stakeholders. Illustrative
examples, such as Rio Tinto’s Oyu Tolgoi Project and the Juukan Gorge case, clearly demonstrate the
importance of CHIA processes in mining projects, as well as the critical roles undertaken by professionals
throughout these processes.

Keywords; Culture, Cultural Heritage, Cultural Asset, Protection of Cultural Heritage, Cultural Heritage
Impact Assessment
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1. Giris

Kiiresel ekonomik biiyilime, sanayilesme ve niifus artisi, ihtiyaclarin karsilanabilmesi i¢in hammadde
talebini her gecen yil daha da artirmaktadir. Bu durum madencilik faaliyetlerinin 6lgegini ve yogunlugunu
genisletmektedir.

Madenlerin ekonomik bir degere dondiiriilmesi amaciyla yiiriitiilen modern madencilik faaliyetleri somut
ve somut olmayan kiiltiirel miras unsurlar iizerinde dogrudan ya da dolayl olarak olumlu veya olumsuz
etkiler yaratabilirler.

Kiiltiirel mirasin korunmasi sadece kiiltiirel varliklarin devamlilig1 agisindan degil; toplumsal kimliklerin,
kiiltiirel cesitliligin, tarih bilincinin ve sosyal uyumun siirdiiriilebilirligi bakimindan da éneme sahiptir. Tam
bu noktada Kiiltiirel Miras Etki Degerlendirmesi (KMED) teknik, etik, sosyal, hukuki ve bilimsel
boyutlartyla ¢ok disiplinli bir ¢ercevede yiiriitiillmesi gereken bir degerlendirme ve aksiyon planlari
hazirlama araci olarak 6ne ¢ikmaktadir. Bu nedenle madencilik faaliyetlerinde kiiltiirel mirasin korunmasina
yonelik “etki degerlendirme g¢aligmalar1”, projelerin erken asamalarindan itibaren sistematik, seffaf ve
uluslararasi iyi uygulamalara dayali bir yaklasimla ele alinmali ve etki degerlendirme sonuglarina gore
tasarlanan aksiyon planlar1 hayata gecirilmelidir. Siirecin etki degerlendirme sonuglarina gore yonetilmesi,
kiiltiirel mirasin madencilik sonrasi faaliyetlerinde kapsama dahil edilebilmesine olanak saglar. Aksi taktirde,
madencilik faaliyetleri sirasinda kiiltiirel mirasin tamamen yok olmasi bir sonug olarak karsimiza ¢ikabilir.

2. Maden Projelerinde Kiiltiirel Miras Etki Degerlendirmesi Adimlar

Maden sahalar1 yalnizca ekonomik deger tasiyan alanlardan ibaret degillerdir. Bugiin ihtiyacimiz olan pek
cok cevher tarih boyunca farkli toplumlarin da yasamsal ihtiyact olmustur. Bu ihtiyaclar karsilamak isteyen
toplumlar maden sahalarinin bulundugu cografyaya yerleserek o giiniin tekniklerine uygun bigimde cevheri
¢ikarmig ve kullanmistir. Bu durum maden sahalarinin tarih boyunca kiiltiirel agidan sekillenmesine,
toplumsal bellegin izlerini barindiran kiiltiirel peyzaj sahalarina doniismesine sebep olmustur. Bu durum
modern madencilik faaliyetlerinin yiiriitiildiigii maden sahalarinda somut ve somut olmayan kiiltiirel miras
unsurlari ile karsilasma potansiyelini de beraberinde getirmistir.

Maden projeleri; amag, kapsam, yatirim niteligi ve isletmeye etkisi bakimindan “yeni yatirim projeleri,
tevsi projeleri ve idame projeleri” olarak ii¢ ana gruba ayrilirlar. Bu projelerden elde edilecek cevherler ise
“yeristll (agik ocak) madenciligi ve “yeralti madenciligi” olmak {izere iki tiir yontem kullanilarak maden
sahalarindan ¢ikarilirlar. Amaci, kapsami ve niteligi fark etmeksizin tiim maden projeleri “konsept,
planlama, insaat, igletme, isletmeden c¢ikarma ve rehabilitasyon (iyilestirme)” asamalarindan olusan bir
yasam dongiisiine sahiptir.

Madencilik faaliyetleri bu yasam dongiisiinlin farkli agamalarinda kiiltiirel miras tizerinde farkli etkiler
yaratabilir. ICOMOS’ a gore etki degerlendirmesi, Onerilen eylemlerin kiiltiir varliklar1 {izerinde
yaratabilecegi sonuclari arastirarak karar verme siireci olarak da tanimlanir.

GUIDANCE AND World Heritage Resource Manual
TOOLKIT Now available!

GUIDANCE AND TOOLKIT FOR
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Sekil 1.

Bu karar verme siirecinde amag, madencilik faaliyetlerinin kiiltlirel miras iizerinde geri doniisii olmayan
olumsuz etkilerini ortadan kaldirmaktir. KMED, se¢me, kapsam belirleme, mevcut durum tespiti, proje ve
alternatiflerinin incelenmesi, etkilerin Ongdriilmesi ve tanimlanmasi etkilerin degerlendirilmesi, etkilerin
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hafifletilmesi ve etkilerin iyilestirilmesi, raporlama, karar verme ve takip gibi birbirini takip eden ve zorunlu
degerlendirme siireclerini igerir.

KMED’ in proje ve kiiltiirel mirasa pozitif faydalar saglayabilmesi icin bu adimlarin madencilik yagsam
dongiisiiniin hangi evresinde hayata gegirilip siirdiiriilecegi ve sonlandirilacagi en kritik noktalarin basinda
gelmektedir. Ciinkii bu kritik noktanin saglikli yonetilmesi kiiltiirel mirasin siirdiiriilebilirligine katki
saglarken maden projesinde yasanabilecek gecikmelerin ve beklenmedik maliyetlerin ortaya ¢ikmasina da
engel olacaktir.

oOneriler

PROJE KONSEPT : ISETME ISLETMEDEN (oo o
' | Kanva VILESTIRME
f BRls ¢ o
.
Karar

Sekil 2. ICOMOS’ a gére Kiiltiirel Miras Etki Degerlendirmesi Asamasi

Bu nedenle maden projelerinde kiiltiirel miras etki degerlendirmesine yonelik alinacak aksiyonlar proje
yasam dongiisiiniin “Konsept” asamasindan itibaren hayata gegcirilmeli ve yasam dongiisiiniin tiim evrelerini
kapsayacak sekilde planlanmalidir.

2.1. Konsept Asamasi

Maden projesinin baslangi¢ noktasi olarak da adlandirilabilecek bu asama, kiiltiirel mirasa yonelik ilk 6n
degerlendirmelerin ve taramalarin yapildigi asamadir.

KMED’ in “se¢me” adim1 proje yasam dongiisiiniin bu agamasinda gercgeklestirilir. Maden projesi igin bir
etki degerlendirmesinin gerekli olup olmadigi, proje alani igerisinde etkilenebilecek kiiltlirel miras varligi var
mi1 yok mu, varsa bu miras varliginin 6nemi, degeri, niteligi, onerilen projenin kiiltiirel miras varlig: ile
etkilesimi bu asamada ele alinmalidir. Ayrica bu boliimde projenin yer aldig: iilke ve yerel mevzuatin,
uluslararas: yiikiimliiliiklerin (UNESCO sozlesmeleri, IFC PS8, World Bank ESS8 vb.) incelenip taranir,
koruma statiilerinin tespiti gibi 6n degerlendirmeler yapilir.

Sekil 3
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Arastirtlmalarda harita-tabanli yerel envanter taramalari, bolgede daha once gergeklestirilmis bilimsel
caligmalara ait yayin taramalari ile projenin planlandigi cografi alanin tarihi arka plani da arastirilmalidir. Bu
durum kiiltiir varliklar1 agisindan potansiyelin dnceden anlasilmasini saglayarak planlanan proje sahasinda
nelerle karsilagilabilecegi konusunda 6n fikir vermesi agisindan 6nemlidir.

2.2. Planlama Asamasi

Bir maden projesinde planlama asamasi ayn1 zamanda kapsamli bir KMED’ in de basladigi asamadir.
“Kapsam belirleme, mevcut durum tespiti, proje ve alternatiflerinin degerlendirilmesi, etkilerin 6n goriilmesi
ve tanimlanmasi, etkilerin degerlendirilmesi, hafifletme ve iyilestirme ile tiim bu c¢alismalarin raporlanmasi1”
gibi KMED adimlar1 madencilik yasam dongiisiiniin planlama asamasinda gergeklestirilir.

2.2.1. Kapsam Belirleme

Kapsam belirleme, KMED’ in hazirlanmasindaki ilk esasli adimdir. KMED' in sinirlarini belirleyen ve
her asamada yapilacak analizlerin temelini olusturan bu sistematik adimda etki degerlendirmesinde
kullanilacak verilerin neler oldugu, etkilerin kaynaklari, cografi alani, ortaya ¢ikacagi zaman dilimi (siiresi),
etki degerlendirmesinde ihtiya¢ duyulan uzmanliklar ve gorev tamimlar ile eldeki temel bilgilerin yeterli
olup olmadig1 arastirilir.

Ayrica bu adimda proje etki alan1 da dahil olmak iizere proje sahasinin kiiltiirel miras potansiyeli ortaya
konarak etki degerlendirmesinde ele alinacak kiiltiirel miras unsurlarinin genel ¢ergevesi olusturulur. Paydas
istisareleri ve alinan geri bildirimlerin KMED siirecine sistematik bicimde entegre edilmesi saglanir.
Bununla birlikte, projenin tiim asamalarinda kiiltiire]l miras {izerinde ortaya cikabilecek etkiler tanimlanir,
onemli ve 6nemsiz etkiler ayristirilarak listelenir ve bu ayrimin gerekgeleri analitik olarak agiklanir. Tiim bu
unsurlar kapsam belirleme siirecinde detaylandirilarak raporlanir.

Kapsam belirleme faaliyetleri cergevesinde, KMED’i vyiiriitecek uzman ekibin yetkinliklerinin
tanimlanmasi, mevcut bilgi ve veriler 1s1¢inda alanin giincel durumunun degerlendirilmesi ve buna bagh
olarak ek veri ihtiyaclarmin belirlenmesi saglanir. Etki degerlendirmesinde kullanilacak veriler neyin ne
kadar etki degerlendirmeye dahil edilecegine veya kapsam dis1 birakilacagina karar vermemizi saglar.

2.2.2. Mevcut Durum Tespiti

Proje ile etkilesim i¢inde olan kiiltlirel miras varliklarmin mevcut durumu, kiiltiirel mirast mevcut durum
itibariyle etkileyen kosullar, dnerilen projenin gelecekte olmamasi durumunda kiiltiirel miras iizerinde ortaya
cikabilecek degisiklikler, kiiltiirel miras varligimin nasil yonetildigi ve korunma durumu gibi bilgiler bu
adimda ele alinir ve mevcuttaki kiiltlirel miras ile ilgili bilgi toplama siireci tamamlanir. Derlenen bu bilgi
daha sonra, etki degerlendirmesi i¢in altlik olarak kullanilir. Bu nedenle mevcut durumunun tespiti kapsaml
ve sistematik bir metodoloji ile somut ve somut olmayan miras unsurlarini kapsamli bigimde ele almalidir.
Uzmanlar mevcut durum tespiti yaparken madencilik faaliyetlerine yonelik alternatifler dahil, proje ve etki
alaninm kapsayacak sekilde masa basi ve saha ¢aligsmalarini bir arada yiiriitmelidir.

Somut kiiltlir varliklarmin tespitinde; arkeolojik ylizey arastirmalart yontemlerinin diginda, ileri
jeofiziksel teknolojiler ve dijital veri araglar1 (LIDAR, drone, fotogrametri vb.) ¢aligmalara entegre edilebilir.
Topografik, cografi ve mekansal anlamda yiiriitiillecek bu analizler kiiltiirel varliklarin koruma alanlarinin
belirlenmesinde ve maden sahasi planlamasinin kiiltiirel hassasiyetlere uygun olarak sekillendirilmesinde yol
gosterici olacaktir. Tespit sadece somut kiiltlir varliklarini kapsamamalidir. Etki alani i¢indeki halkin yerel ve
geleneksel davranislari, sozlii tarihi ve her tiirlii etnografik verisi toplanarak somut olmayan kiiltlirel miras
calismalar1 da yiiriitiilerek tespite dahil edilmelidir. Bu sayede kiiltiirel mirasa yonelik data biitiinciil bir
anlayisla toplanmig olacaktir.

Tespit caligmalarinda toplanan veriler ¢ogu zaman kiiltiirel miras envanterlerine yeni bilgiler
kazandiracaktir ve bunlar {izerinde olusabilecek geri dondiiriilemez kayiplarin 6nlenmesini de saglayacaktir.

2.2.3. Onerilen Proje ve Alternatifler

Bu adimda, o6nerilen projenin planlari, cografya iizerinde olusturacagi degisime ait gorselleri, projenin
tasarim, hazirlik, insaat, igletme ve yenileme asamasina kadarki siireci ele alan planlar, tanimlanmis bir
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cografi alan icindeki kiiltiirel mirasin iizerinde, projenin yaratabilecegi olasi etkiler (olumlu veya olumsuz)
tanimlanir. Projenin kiiltiirel miras tizerinde yaratabilecegi olasi olumsuz etkileri Onleyecek veya
azaltabilecek alternatiflerin olup olmadigi, uygulanabilir olup olmadigi bu adimda ele alinmalidir. Bu siireg
katilimc1 ve proaktif bir yaklagimla yonetilmelidir. Gerekirse farkli kurum ve bilgi kaynaklar ile iletigime
gecilerek projenin tasariminda alternatiflerin kullanilmasi veya yeni alternatifler olusturulmasi gibi 6n
caligmalar bu asamada degerlendirilebilir.

2.2.4. Etkilerin Ongoriilmesi, Tammlanmasi ve Degerlendirilmesi

Bu kritik adimda; proje faaliyetlerinin somut ve somut olmayan kiiltiirel miras varliklar iizerindeki olasi
sonuglarinin sistematik olarak analiz edilmesi amaclanir. Etkinin nerede, ne zaman ve nasil ortaya
cikabilecegini tanimlayan bu adim salt bir “risk tespiti” siireci degil, mirasin biitiinsel olarak anlasilmasi,
korunmasi ve gelecege aktarilmasi i¢in gerekli olan analitik bir ¢ercevedir.

Ongorii ve tanimlama yalnizca bilinen miras unsurlari i¢in gerceklestirilmemelidir. Kiiltiir varliklarinin
bir boliimii zaman igerisinde toprak altinda kalarak (arkeolojik miras gibi) gizlenmis olabilir. Deneyimli
uzmanlar etkiler i¢cin 6ngorii ve tanimlama yaparken bu potansiyelleri de hesaba katmalidir.

Bir maden projesinin kiiltiir varliklar1 iizerinde “dogrudan, dolayli ve kiimiilatif etkileri olabilir.
Tanimlama yapilirken bu etki tiirleri degerlendirmeye alinmalidir. Etkileri belirlemek i¢in genellikle uzman
goriisii kullanilir. Uzman goriistine yardimer olarak renk kodlu haritalar ve planlar, kontrol listeleri, matrisler,
ag diyagramlar1 da kullanilabilir.

Etkileri ongoriildiikten ve tanimlandiktan sonra maden projesinin kiiltiirel miras {izerinde yaratacagi
etkilerin ne kadar 6nemli olacag etkilerin degerlendirilmesi adiminda belirlenir. Kiiltiir varliklar izerindeki
olumsuz etkiler ihmal edilebilir olabilecegi gibi 6nemli ancak 6nleme ve hafifletme tedbirleri ile ortadan
kaldirilabilir ya da 6nemli ancak 6nlenemez veya hafifletilemez olabilirler.

2.2.5. Hafifletme ve Iyilestirme

Kiiltiirel miras varlig1 {izerinde maden projesinden kaynakli olas1 olumsuz etkiler varsa bunlar1 6nleyecek
veya azaltacak ve projenin hedeflerine ulasmasini saglayacak etki azaltict ve etkiyi ortadan kaldirabilecek
“kacinma” onlemleriyle ilgili alternatifler bu adimda gelistirilir. Koruyucu, hafifletici ve hatta telafi edici
olabilirler.

Koruyucu onlemler, kiiltiir varliklar iizerindeki engellenebilir etkileri ortadan kaldirmaya yoneliktir.
Proje planindaki revizyonlar, tampon bolgelerin olusturulmasi, gorsel etki yonetimleri gibi proje tasarimi
esnasinda alinabilecek onlemleri kapsayabilir. Hafifletici dnlemler ise dogrudan engellenemeyen etkilerin
siddetini veya kapsamini azaltmaya yoneliktir. Kurtarma ve sondaj kazilari, belgeleme ve dijital arsivleme,
uygulamali egitim ve kapasite gelistirme, izleme ¢aligmalar1 ve rastlantisal buluntu prosediirleri hafifletici
onlemlerden bazilaridir.

Telafi edici 6nlemler ise etkilerin tamamen onlenemedigi durumlarda esdeger veya daha yiiksek kiiltiirel
deger yaratmayi hedefler. Yerel kiiltiirel projeler, arkeo parklar ve ziyaret¢i alanlari, toplumsal hafiza
caligmalar1 akademik yayin ¢aligmalari gibi faaliyetler ise telafi edici 6nlemler arasinda sayilabilir.

Hafifletme ve iyilestirme adiminda onerilen projenin kiiltiirel miras {lizerinde yaratabilecegi “olumlu”
etkiler de tespit edilebilir. Eger olumlu etkiler varsa, bu etkilerin gelistirilmesi, kiiltiire]l mirasin korunmasi ve
stirdiiriilebilirligi i¢in katki saglayabilecek oneriler de bu asamada ele alinir.

2.2.6. Raporlama

Tiim referans sartlar1 karsilayacak bir KMED raporu proje planlama agsamasi sonunda hazir olmalidir.
Rapor KMED siirecinin tiim asamalarini ve sonuglarini igermeli ve karar vericiler ile kamu ve paydaslarin
kullanimina sunulmalidir. Rapor igerisindeki veriler ve oOneriler proje yasam dongiisiiniin planlama
asamasindan iyilestirme asamasinin sonuna dek kullanilmalidir. Bu sayede proje yasam dongiisii boyunca
kiiltiirel mirasin korunmasi ve siirdiiriilebilir yonetimi igin tutarli, seffaf ve izlenebilir bir ¢erceve saglanacak,
olasi olumsuz etkiler en aza indirilerek karar alma siireclerinin bilimsel, etik ve referans temellerine
dayandirilmasi1 miimkiin olacaktir.

3. Insaat, Isletme, isletmeden Cikarma ve iyilestirme
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Proje yasam dongiisiiniin planlama agsamasinda tamamlanan kiiltiire] mirasin korunmasia yonelik biitce,
siire, ekip ve metodolojik adimlar insaat, isletme, isletmeden ¢ikarma ve iyilestirme asamalarinda uygulanir.

Izleme ve denetim adimi kiiltiir varligi potansiyeli igeren alanlarda, insaat asamasindan iyilestirme
asamasima dek siirdiiriiliir. izleme, miidahale edici 6zelligi ile kiiltiir varliklarin1 denetler, tesadiif eseri
karsilagilabilecek kiiltiir varliklarina karsi ise prosediirlerin igletilmesini saglar.

KMED, kiiltiir varliklarin1 bilimsel tekniklerle kayit altina alarak gelecek kusaklara aktarmay1 da hedef
almalidir. Bu hedefe ileri seviye metodolojik ¢alismalar sonucunda ulasilir. Maden sahasinda yer alan bir
arkeolojik varligin kurtarilmasi i¢in kurtarma ve sondaj kazilari, kazilardan c¢ikan kiiltiir varliklarinin
taginmasi, ¢izim, rolove, plan ve haritalama teknikleri, “tarihi ¢evrenin” modellenerek belgelenmesi ileri
seviye metodolojik calismalardandir. Bu calismalar insaat ve isletme agsamasi ile senkronize siirdiiriilebilir.

Insaat ve isletme asamalarinda yiiriitiilen bilimsel saha calismalara ait sonuglar postmining olarak da
adlandirilan madencilik sonras1 asamada kitap, kitapgik, e-biilten, makale ve benzeri yayinlarla kamuoyu ile
paylasilmalidir. Bilimsel bilginin kamuoyu ile paylasilmasi sayede kiiltiirel mirasin siirdiiriilebilirligine katki
saglanmis, farkindalik seviyesi yerel, ulusal ve uluslararasi Olgekte arttirilmis ve projenin iyi uygulama
ornekleri arasinda anilmasi saglanmis olacaktir.

4. KMED EKibi ve Profesyonellerin Rolii

Ozellikle Avrupa iilkelerinde, kiiltiirel miras etki degerlendirme ¢alismalar1 yalnizca devlet kurumlarryla
(miizeler, enstitiiler, koruma kurullari, KUDEB gibi) sinirlt kalmayarak ilgili kamu kurumlarindan gerekli
yeterlilik belgelerini almig, kiiltiirel mirasa yonelik calismalarda onayli olan 6zel arkeoloji danigmanlik
firmalar tarafindan devletin siki denetimi altinda da yiiriitilmektedir.

KMED, arkeoloji, mimarlik, antropoloji, jeoloji, cografi bilgi sistemleri (CBS) ve koruma bilimleri gibi
alanlar1 bir araya getiren ¢ok disiplinli bir yaklagim gerektiren kapsamli bir siirectir. Bu siirecin, ilgili
uzmanlik alanlarina hakim olmayan ekipler tarafindan yiiriitiilmesi durumunda; hatali saha verisi toplanmasi,
mevcut verilerin yanlis veya eksik yorumlanmasi, baglamdan bagimsiz degerlendirmeler yapilmasi ve bunun
sonucunda kiiltiire]l mirasin zarar gérmesi gibi ciddi riskler ortaya ¢ikabilir. Bu tiir hatalar, telafisi miimkiin
olmayan kiiltiirel kayiplara, projelerin durdurulmasma ve onemli itibar risklerine yol agma potansiyeli
tagimaktadir.

Uzman ekipler ise yerinde incelemeler, laboratuvar analizleri, arsiv arastirmalar1 ve CBS temelli
yontemleri biitlinciil bir ¢er¢evede kullanarak hem mevcut hem de potansiyel kiiltiirel miras unsurlarini
bilimsel dogrulukla tanimlar. Boylece, gelistirilecek etki azaltma ve koruma onlemlerinin bilimsel temellere
dayanmasi ve uluslararasi koruma standartlar1 ile uyumlu olmasi giivence altina alinir.

IATA (International Association for Impact Assessment) tarafindan yayimlanan rehberlerde, kiiltiirel
miras etki degerlendirmesinin yalnizca yeterli akademik formasyona ve saha deneyimine sahip
profesyonellerce yiiriitiilmesi gerektigi acgikca belirtilir. Birgok iilke mevzuati ve uluslararasi sézlesme
KMED siireglerinde uzman katkisini zorunlu kilar. Ornegin; UNESCO Diinya Kiiltiirel ve Dogal Mirasinin
Korunmasi Sézlesmesi (1972) ve ICOMOS’ un Kiiltiirel Miras Etki Degerlendirmesi Rehberi (2022) bunlar
arasindadir.

Profesyonel ekipler; yerel ulusal mevzuatlar ile uluslararasi koruma ilkelerini esgiidiimlii olarak
uygulayarak hukuki riskleri minimize eder. Bu durum, ¢aligmanin bilimsel gegerliliginin yam sira proje
kararlarinin giivenilirligini de artirir. Sonug olarak KMED’ in uzman ve profesyonel ekiplerce yiiriitiilmesi,
metodolojik dogruluk, yasal uyum, risk yonetimi ve toplumsal mesruiyet agisindan hayati 6nem tasir. Bu
durum, yalnizca mirasin korunmasini degil, ayn1 zamanda projenin uzun vadeli siirdiiriilebilirligini de
giivence altina alir.

5. Uygulama Ornekleri

KMED, madencilik faaliyetlerinin kiiltiirel miras {izerindeki etkilerinin yonetilmesinde belirleyici bir arag
olmasina ragmen tek basina yeterli degildir. KMED sonuglarina uygun tedbirlerin alinmasi i¢in kaynak
saglanmasi, bu kaynagin zamaninda kullandirilmasi ve siireglerin yeterlilikleri olan kisiler tarafindan
yonetilmesi de kiiltiirel mirasin korunmasi igin biiyilk 6nem tasimaktadir. KMED sonuglarma gore
tedbirlerin belirlendigi ve uygulandig1 projelerde iyi uygulama Ornekleri ortaya g¢ikarken, bazi korumaci
tedbirler alinmasina ragmen kiiltiirel mirasin korunmasinin énemsiz goriilmesi nedeniyle kiiltiir varliklarinin
tehdit ve tahrip edildigi kotii uygulama drnekleri ile de karsilagilabilir.
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1873 yilinda kurulan, 60.000'den fazla calisani ile 35 iilkede madencilik faaliyetlerini devam ettiren ve
siirdiiriilebilirlik politikalar1 cercevesinde kendi kiiltiirel miras rehberini de hazirlamis olan Ingiltere-
Avustralya merkezli ¢okuluslu, diinyanin en biiyiik metal ve madencilik sirketlerinden biri olan Rio Tinto
kiiltiirel mirasin korunmasinda iyi ve kotli uygulama 6rneklerine farkli projelerde sahip olmasi bakimindan
ilgi ¢ekicidir.

Basarili uygulama 6rneklerinden Oyu Tolgoi; Mogolistan'in Umnugovi eyaletindeki, diinyanin bilinen en
biiylik bakir ve altin yataklarindan biridir. Oyu Tolgoi’ de Mogol Kiiltiirel Mirasin1 Korunmasi Yasasi geregi
2009 yilinda alana &6zel bir “Kiiltiirel Miras Program1” hazirlanmistir. Programin olusturulmasinda arkeoloji,
paleontoloji, antropoloji, GIS, restorasyon-konservasyon gibi farkli disiplinlerde gérev yapan uzman bir ekip
(Mogolistan Uluslararasi Miras Ekibi) gérev almistir.
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Sekil 4: Oyu Tolgoi Kiiltiirel Miras Programi

Somut ve somut olmayan kiiltiirel mirasi kapsayan programin temel amaci kiiltiirel mirasi korumaktir ve
bu amagla projeye yonelik bir “Kiiltiirel Miras Y 6netim Plan1” da olusturulmustur.

Planin temel amaci ise projeyle iligkili kiiltiirel miras tehditlerini azaltmak, kiltiirel degisiklikleri
izlemek ve anlamak, kiiltiirel mirasin tanitimi ve korunmasi igin firsatlari takip etmek, kar amaci giitmeyen
kuruluslar1 ve halki tesvik etmek ve desteklemektir. Programla; masa basi ve saha calismalar1 yapilarak
erken asama tespit calismalar yiiriitiilmiis, alternatif alan incelemeleri, risk analizleri yapilmis hafifletici ve
koruyucu Onlemler belirlenmis ve bu metodolojik adimlarla kiltiirel mirasin korunmasi saglanmustir.
Caligmanin sonucunda proje alaninda higbir kiiltiirel miras unsuru zarar gérmemistir. Tespit edilen ¢ok
sayida yeni buluntu sayesinde bolge kiiltiir envanteri énemli 6l¢lide zenginlesmistir. Yerel topluluklarla
giiven iligkisi gelistirilmis ve projenin sosyal lisansi giiclendirilmistir. Gobi cografyasinin benzersizligini
tarif etmek i¢in Gobi Kiiltiirii adl1 bir kavram arkeoloji literatiiriine kazandirilmigtir.

Sirketin uluslararasi basinda da yanki uyandiran ve basarili bir 6rnek iken goz ardi etmeler nedeniyle
olumsuz sonuglarla kamuoyunun oniine gelen ve sirketin itibarin1 zayiflatan 6rnegi ise Juukan Gorge
vakasidir. Bat1 Avustralya'nin Pilbara bolgesinde 4 demir cevheri madeninin genisletilmesi kapsaminda Rio
Tinto, ¢evre politikalar1 geregi Juukan Gorge'da yer alan kaya siginaklar1 ve diger potansiyel kiiltiirel miras
alanlar1 i¢in 2003 yilindan 2018 yilina kadar ¢ok sayida etnografik ve arkeolojik ylizey aragtirmasi yaptirmis
ve raporlar hazirlatmistir. Raporlar disinda kazilar ve belgeleme ¢alismalari, yerel halk ile istisare siirecleri,
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koruma ve kaginma stratejileri de gelistirilmis ve yiiriitiilmiis ve ciddi bir kiiltiirel miras yonetim plani (2017-
2019) da hazirlatmastir.

‘lOyu

Tolgoi

CULTURAL HERITAGE

Sekil 5

Sekil 6: Juukan Gorge'da yiiriitiilen kazi ¢calismalary (2014)

Ancak sirket yonetimi tarafindan saha verilerinin nemsenmemesi, kiiltiirel mirasin degerinin goz ardi
edilmesi, yasa ve izin siireclerindeki bosluklar ile bu bosluklarin firma tarafindan firsata ¢evrilmesi gibi
nedenlerle bolgede yasayan Puutu Kunti Kurrama ve Pinikura (PKKP) Aborjin halklari i¢in kiltiirel,
etnografik ve arkeolojik agidan ulusal ve uluslararasi yiiksek oneme sahip 46.000 yillik iki kaya siginagi
24.05.2020 tarihinde patlatilarak yok edilmistir.

Sekil 7: Juukan Gorge, Oncesi ve Sonrasi

Iyi uygulama &rnegi olarak baslamisken kotii bir uygulama érnegine déniisen projenin kiiltiirel miras
yOnetiminin projeye bazi dnemli olumsuz sonuglari olmustur. Bunlarin basinda hukuki ve yasal sonuglar
gelmektedir. Avustralya Federal Hiikiimeti tarafindan olayla ilgili bir sorusturmas: baglatilmig sirket agir
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cezalara ¢arptirilmistir. Olay, uluslararasi medyada genis yanki uyandirmis ve Rio Tinto'nun ¢evresel, sosyal
ve yonetisim (ESG) performanst konusunda uluslararasi kinamalarla birlikte kiiresel ¢apta biiylik bir itibar
kaybina yol agmustir.

Fig. 1: Juukan Gorge Protestolart

Sirketin biiyiik hissedarlari, kurumsal yonetimdeki basarisizliklar nedeniyle ciddi tepki gostermis, sirketin
yonetim kademesinde zorunlu degisiklikler ortaya ¢ikmus sirketin CEO'su, Demir Cevheri Isletmeleri
Yéneticisi ve Kurumsal iliskiler Direktorii de dahil olmak iizere birgok iist diizey yonetici istifa etmek
zorunda kalmistir. Finansal ve Operasyonel Etki: Sirket, yerel halkla iligkileri diizeltmek igin daha biiyiik
kaynaklar ayirmak zorunda kalmistir. Skandalin ardindan madencilik faaliyetlerinin bir kismin1 durdurmak
ve operasyonel planlarin1 gézden gegirmek zorunda kalmis ve projenin zaman takviminde 6nemli zaman
kayiplari ortaya ¢ikmistir.

6. Sonug¢

Niifusun hizla arttig1 tilkemizde, toplumsal ve ekonomik gereksinimlere paralel olarak maden projeleri de
ayn1 hizla cesitlenmekte ve genislemektedir. Tiirkiye’nin farkli bolgelerinde, 6zellikle temel hammadde
ihtiyaglarini kargilamak amaciyla gerceklestirilen madencilik faaliyetleri esnasinda kaginilmaz olarak topraga
ve dogal cografyaya miidahale edilmektedir. Topraga yapilan bu miidahaleler, arkeolojik alanlar, tarihi
yapilar gibi tiim kiiltiirel miras unsurlari tizerinde olumsuz riskler yaratmaktadir.

Bu riskler; kiiltiirel miras iizerindeki etkilerin uzman bir ekip tarafindan detayli bir sekilde
degerlendirilerek raporlanmasi ve projenin tiim agamalarinda kiiltlirel mirasin dikkate alinmasini saglayacak
planlarin gelistirilmesi ve bu planlarin uygulamaya gegirilmesi sayesinde minimize edilebilir.

Ancak iilkemizdeki maden projelerinde gerceklestirilen kiiltiirel mirasa yonelik bu ¢alismalar, genellikle
bu projeleri yiiriiten aktorler tarafindan proje oniinde onemli bir engel olarak algilanmaktadir. Bu yanlis
alginin temelinde, iilke genelinde yeterince yerlesmemis olan kiiltiirel miras bilinci ve etkili bir kiiltiir
politikasinin olmamas1 yatmaktadir.

Oysaki; dogru kiiltiirel miras politikasinin uygulanmast hem kiiltiir varliklariin korunmasini saglayan
hem de firmaya ekonomik, hukuksal, kurumsal ve sosyal agidan ¢ok boyutlu art1 degerler iireten stratejik bir
yaklagimdir. KMED politikasini dogru izleyen firmalar ulusal mevzuat, uluslararasi sdzlesmeler ve rehberler
ile uyum saglayarak idari yaptirim, proje durdurma, para cezasi veya hukuksal riskleri minimize eder. Ulusal
ve uluslararasi kamuoyunda ve paydaslar arasinda kiiltiirel mirasa duyarli, sorumlu bir kurum imaji olusturup
yerel topluluklarla giivene dayali iliskiler gelistirilerek sosyal faydanin siirekliligini saglar. Olast kiiltiirel
miras riskleri erken tespit ederek proje gecikmeleri ve beklenmedik maliyetlerin 6niine geger. Yerel halk,
STK’lar, akademik kurumlar ve kamu otoriteleri ile yapici is birligi ortami yaratarak projeye yonelik
olumsuz tepkilerin 6niine geger. Uluslararasi finans kuruluslarimin kiiltiirel miras kriterleri karsilayarak sirket
performans gostergelerine katkida bulunur, yatinm ve kredi olanaklarimin artirnlmasini ve yabanct
yatirimceilar nezdinde giivenilirlik saglanmasinm saglar.
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Abstract

In modern European society, the approach to the complexity of each mine closure is multifaceted, requiring
the definition, description, and evaluation of various technical, socio-economic, environmental, and
management conditions for each location individually. These conditions are set out in both national and
European legislation, which has evolved over time. Currently, legislation is most comprehensively regulated
in the field of European coal mine closures within the framework of the Just Transition Mechanism (JTM),
an initiative designed to support regions and communities transitioning to a climate-neutral economy while
ensuring that no one is left behind. An example of good practice from the Sitarjevec mine in Slovenia prior to the
adoption of the JTM is presented in this article. The mine was closed according old mining legislation, but today
the degraded area has been revitalised, also with the support of science and art, as a modern approach.
Thanks to the EU-supported legislation and funds supporting industrial heritage, economic benefits can also
be provided in the heritage site. A new mineral resource, the natural pigment ochre, was discovered in the
mine and characterised using electron microscopy, X-ray analysis, and chemical analysis. Preliminary
results indicate its potential usefulness in textile dyeing and painting.

Keywords; mining heritage, legislation, revitalization, new programmes

1. Introduction

Mineral resources have played a significant role in the development of human civilisation, to the extent
that historical periods are named after them, from the Stone Age, marked by the production of stone tools, to
the Bronze and Iron Ages, characterised by advances in metallurgical processes (Erb-Satullo & Klymchuk
2025, Cooper & Grebnev 2023). Although different materials dominated various periods, art remained a
common feature of societies, with the oldest examples dating back to cave life, when the first cave paintings
were created using natural pigments such as ochre, burnt ochre, and charcoal (Henshilwood et al., 2009).
Preserved material remains and works of art provide evidence of the development of human society, while
the museums that house them and the caves with cave paintings are exceptional tourist attractions, making a
significant contribution to the economy of contemporary society, where it is also crucial to monitor the
negative impacts of visitors on the underground space (Alvarez et al., 2010, Habiba Lharti et al., 2025).

Coal holds a special place in mineral resource production and has been an important energy source from
the Industrial Revolution in the 19th century to the present day (Jiang et al., 2022). The coal industry has led
to the formation of mining communities, which, due to the nature of mining work and the large number of
miners and their families, have had a significant sociological impact on society. The comradeship formed
deep underground has helped overcome major challenges, such as organising protests to achieve greater
social justice.

The most extensive protests, and at the same time the most difficult period for European mining families,
occurred in the 1980s in England, when coal mines were closed without adequate solutions for miners
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(Gibbon, 1988). Despite attempts to regulate this extremely important economic sector, mining strikes have
not abated even in modern times (Harvey, 2016).

The trend of closing coal mines has continued into the 21st century, aiming to achieve climate neutrality
by 2050, based on the European Green Deal (URL-1, 2019)

This initiative followed the commitments made by the EU and its member states upon signing the Paris
Agreement (The Paris Agreement, 2025). In the coal mining sector, the Just Transition Mechanism was
established to support regions requiring greater investment to meet these goals through three areas: 1. People
and communities most vulnerable to the transition: facilitating employment opportunities, offering reskilling,
improving energy-efficient housing, and combating energy poverty. 2. Companies and sectors in carbon-
intensive industries: making the transition to low-carbon technology attractive to investment, providing loans
and financial support, and investing in research, innovation, and the creation of new firms. 3. Member states
or regions highly dependent on fossil fuels: investing in new green jobs, sustainable public transport,
renewable energy, digital connectivity, and clean energy infrastructure (URL-2, 2020).

Slovenia, like many other countries, is aware of its mining history. The topic is particularly relevant in
society because, in February 2026, a special law was passed to close the last active mine in Slovenia, the
lignite coal mine in Velenje (Uradni list RS §t. 12/26, 2026). The closure will be gradual, in accordance with
the principles of a just transition for coal regions. Part of the funds will also be allocated to the preservation
of mining heritage.

The purpose of the article is to provide an overview of the state of mining industrial heritage through
various mining legislation and to highlight opportunities for local communities that have identified new
development potential in mining heritage in Slovenia. Although these communities were not included in the
modern processes of just transition for coal regions, in some cases this was made possible by previous
mining legislation. Mines such as the Idrija mercury mine and the Mezica lead and zinc mine were closed in
accordance with the project for the rehabilitation of mining areas, as prescribed by the Mining Act in the 80s
and 90s , and the state therefore provided funds for closure (Uradni list SRS, $t. 37/87, 1987, Uradni list RS
§t. 001-22-107/99, 1999). The Idrija mine is now on the UNESCO list of mining heritage and is developing a
strong tourist programme within the Idrija Geopark. The Mezica mine has also been integrated into the
tourist programme of the cross-border UNESCO Karavanke Geopark, offering a highly attractive
experienceof the underground environment.

A unique challenge in reviving mining heritage is presented by abandoned mines were at the time, of their
abandonment, the regulations had not yet been adapted to modern closure requirements and rehabilitation
plans. One such example is the Sitarjevec mine, which over the past ten years has been the focus of a modern
tourist programme, driven by the local community’s recognition that their mining heritage forms part of their
identity. Research and educational institutions are also involved in developing new programmes through
projects, contributing their expertise to improve the recognition, preservation, and popularisation of this
heritage. Through this cooperation, the Sitarjevec mine’s sludge was identified as a natural ochre pigment,
suitable for artistic purposes and colour development (Jerci¢ Jakob et al., 2023, Rant et al., 2021). The
development of Sitarjevec mine revival programmes is supported by funding from the local community of
Litija, as well as international projects under the INTERREG programme.

All mines abandoned without proper closure projects are now regulated by the Mining Act, Article 100d.
This article states that tourist, sports, educational, cultural and other activities may be developed in these
areas, creating opportunities for local communities that have not yet participated in the revival of mining
heritage due to the previous lack of an appropriate legal basis (Uradni list RS, §t. 14/26, 2026).

Each underground mining space is a unique form of underground architecture, shaped by human hands,
which is why it represents an invaluable heritage of human development. Mining heritage leaves a mark on
industrial heritage, settlement patterns of mining communities, the cultural character of places, including
abandonment and degradation, as well as environmentally harmful impacts. Therefore, its effective
preservation requires an interdisciplinary approach that recognises the experience of heritage in all its layers,
and society must adapt legislation accordingly.

2. Materials and Methods
A sample of sludge (formed by erosion of the abandoned mineralized part of the deposit and subsequently

sedimented) was collected from the Sava shaft at the outlet of the Sitarjevec mine. The material was sieved
in the laboratory through a 0.063 mm sieve, then air-dried and crushed.
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Mineralogical analysis of the pigment was performed using the X-ray Powder Diffraction (XRD) method
on an Empyrean PANalytical diffractometer (PANalytical B.V., Almelo, The Netherlands) with Cu Ka
irradiation (A = 1.54056 A and graphite monochromator), at 45 kV and a current of 40 mA, over the 20
angular range from 4° to 70°, using a step size of 0.01° and a measuring time of 200 seconds per step.

To determine the semi-quantitative analysis of the dry sludge (pigment sample) and the shape of the
pigment particles, electron microscopy was performed using a JEOL 5500 LV SEM equipped with Energy
Dispersive X-Ray Spectrometry (EDS) in low vacuum mode (between 10 and 15 Pa), at an accelerating
voltage of 20 kV and a working distance of 20 mm.

The mine sludge sample from the Sava shaft location was evaluated in accordance with the provisions of
Commission Regulation (EU) 1357/2014, Council Regulation (EU) 2017/997, Regulation (EC) No.
1272/2008, the guidelines of the Commission Notice on Technical Guidance on the Classification of Waste
(2018/C 124/01), and data from the ECHA dossier (http://echa.europa.cu/).

3. Results and Discussion
3.1 The Coal Mine Velenje

After 150 years, the Velenje Coal Mine is ending its operations, as the Act on the Gradual Closure of the
Mine has been adopted (Uradni list RS, §t. 12/26). This act requires the management of the coal mine and the
wider community to cease coal mining by 2045, in accordance with European rules on the green transition.
The gradual closure programme envisages two main phases: from 2026 to 2033, when closure works will be
carried out alongside remaining production, and from 2034 to 2045, when only closure works will take place.
The programme includes technical and technological solutions, a human resources and social package, and
an economic and financial framework.

The law permits the technical and safe closure of all 50 kilometres of tunnels and, together with shafts,
more than 60 kilometres of underground facilities, thereby preventing future surface risks. Equally important
is the social aspect, as the law enables an acceptable transition through natural staff attrition and the option of
early retirement, with a strong focus on creating new jobs in the region. Article 4 of the law sets out a more
detailed programme for the gradual closure of the coal mine, including mitigation measures for the
protection of cultural and technical heritage (both tangible and intangible). This also preserves the
programme of the Coal Mining Museum of Slovenia, which has been managed by the Velenje Coal Mine
since 1999 (http://muzej.rlv.si/si/).

Equally important is the social aspect, as the law allows for a smooth transition with a natural outflow of
personnel and the option of early retirement, while strongly emphasising the creation of new jobs in the
region.

All programmes for restructuring the Velenje Coal Mine, including those for preserving cultural heritage,
are financially evaluated until 2045 and amount to 50 million euros per year.

The Velenje Coal Mine is an example of mine closure coordinated with stakeholders and supported by the
Act on the Gradual Closure of Activities, in a manner not previously seen in Slovenia. Therefore, the process
requires additional attention from all stakeholders involved in its implementation.

3.2 The Idrija mine and the MeZica mine

The latest post-mining activity programmes at the Idrija mercury mine and the MeZica lead and zinc mine
are being carried out as part of the UNESCO Global Geoparks network (http://www.geopark-idrija.si/si/,
https://www.geopark-karawanken.at/). Previously, both mines underwent a closure process in accordance
with the mine rehabilitation plan following the cessation of mining activities (Uradni list RS §t. 61/10 2010).

The Idrija Mercury Mine is managed by the Mercury Heritage Management Center (CUDHg Idrija), to
which the state transferred maintenance in 2016 after the termination of the mining rights of the Mercury
Mine Company in Liquidation. After five hundred years of operation, the mercury mine was closed in in
1995. The Mercury Heritage Management Center manages its UNESCO heritage, which includes the
Antonijev rov tourist mine below the surface and the Hg smelter and compressor station on the surface. The
responsibilities of the Mercury Heritage Management Center manager also include monitoring the condition
of the mine area, as the town of Idrija is located above the mine shafts. The basic funds for the operation of
CUDHg Idrija are provided by the state and are partly co-financed through various domestic and
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international projects. It is included in the UNESCO network of global geoparks (https://www.cudhg-
idrija.si/).

The Mezica mine, with its heritage, is part of the Karawanken UNESCO Global Geopark
(https://www.podzemljepece.com/). After three hundred years of operation, lead and zinc ore production
ceased in 1994, when a mine closure project was prepared in accordance with the Mining Act. The tourist
mine and museum have been open to visitors since 1997, and the state provides funds for employees
responsible for programme delivery and maintenance. As the heritage of the Mezica mine offered
exceptional tourist potential, partly due to its proximity to the Austrian border, it was merged with the
neighbouring area in 2015 to form the Karawanken/Karawanken UNESCO Global Geopark. Today, the
Mezica mine is known as a destination where visitors can cycle underground, take a train or boat ride, enjoy
concerts, or view the museum collection in the mining building on the surface.

3.3 The Sitarjevec mine

The Sitarjevc mine is an example of a mine in Slovenia that was not closed in accordance with the mine
rehabilitation project, but was simply deleted from the cadastre of mining areas in 1966 (Herlec et al., 2006).
The reason for this was the lack of mining legislation, which allowed mine operators to abandon the activity
without adequate measures to ensure the safe abandonment of the activity for both the inhabitants and the
environment.

The Sitarjevec mine has the longest history in Slovenia. The first archaeological traces date back to the
time of the Celts and Romans, while the first written sources date back to the Middle Ages. The archive
written sources show that the mine was closed and reopened several times, depending on which ore body
was encountered in the mine and what the market needs were. The Sitarjevec mine is a polymineral ore
deposit, where iron, lead, mercury, zinc and, finally, barite ore were mined. Small amounts of silver were
also excavated, from which a commemorative lithium tolar was produced at the mint in Vienna
(https://rudniksitarjevec.si/).

The mine has several entrances through which it was possible to enter freely for a long time, which was
especially interesting for mineral collectors, as 60 different types of minerals have been found so far.
Amateur researchers of abandoned mines and collectors were also the ones who discovered the fast-growing
iron oxide/hydroxide stalactites in the mine and drew the attention of the professional public and the local
community of the Municipality of Litija (JerSek et al., 2018).

The state of Slovenia has declared the Sitarjevec mine a geological natural value of national importance
due to its exceptional mineralogical diversity and stalactite structures (Uradni list RS, §t. 56/99, 1999).

Legal protection of natural values does not mean that their management is also taken care of in a financial
sense, especially when the heritage is linked to mining areas, which require significant investments to ensure
safety in underground facilities. Therefore, the further process of revitalization of the mine was taken care of
by the local community, which, after several years of efforts and discussions, commissioned the preparation
of the Mining Project for the Rehabilitation of the Sitarjevec Mine in 2016, which represented the beginning
of the implementation of works with the aim of revitalizing part of the mine for tourist purposes. In 2018,
together with project partners, it successfully obtained funds from the INTERREG SI-HR program for the
MIEN TOUR project for the first time, and in 2025 from the same program for the second time, for the
MINE STORY project. Through various projects, it is revitalizing parts of the mine shafts for tours and
developing new tourist programs, including from mine sludge, which has been recognized as a natural ochre
pigment.

3.3.1. Mine sludge

The mine sludge is deposited along the mine shafts within the mine and at the outlet of the Sava shaft , as
a consequence of natural erosion of the mineralized sections of the mining horizons (Figure 1). Although
research has shown that the mine waters inside are markedly acidic, with pH values between 3 and 4, at the
outlet of the Sava shaft they are almost neutral, reaching pH values of 7.3 (Miler&Gosar, 2019, EUROFINS
d.o.o., 2025).
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Figure 1: Discharge of mine water from the Sava tunnel with the disposal of mine sludge

XRD analyses also showed that the mineralogical composition of the mine sludge is goethite (Figure 2).
This forms as a result of oxidation processes, in which micro-organisms also participate (Toplak et al.,
2021). It is a process of mineralisation of meteoric waters, which flow over sulphide ore bodies along the
mine. When sulphides (i.e. FeS,) are oxidised, oxygen from meteoric water is gradually consumed and
mostly soluble sulphides emerge, mainly from soluble Fe?" iron. Water travels down, and when water
containing Fe?* enters mine shafts, Fe*" is oxidised to Fe*" due to contact with oxygen from the air. Fe3+ is
not soluble in water and is first excreted as amorphous ferric oxide hydroxide (ferrihydrite), then partly
crystallises as goethite and lepidocrocite (Herlec et al., 2006).
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Figure 2: XRD analysis results of mining sludge
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Semi-quantitative analysis of dry mine sludge revealed that the particles in the sample are composed of
iron with traces of aluminium, silicon, and sulphur, and are round in shape. Their size ranges from nano- to
microparticles, which is why the pigment used for developing colours for textile printing was micronised and
thus homogenised. For effective colour printing on textiles, it is necessary to ensure that the size of the
pigment particles does not exceed 5 um (Rant et al., 2021). Micronised pigment is also very useful for
painting colours, which has been tested and confirmed with various painting techniques (Jer¢i¢ Jakob et al.,
2023). For the safe use of sludge or natural ochre pigment from the Sitarjevec mine, the chemical analysis of
the sample was conducted. (Table 1). The sample contains elevated concentrations of manganese, iron, and
zinc, while the concentrations of other metals are below the limit of 0.1%. Iron and zinc in this form are not
classified under Regulation (EC) No. 1272/2008, and manganese concentrations do not exceed 25%, which
is the limit concentration (Eurofins d.o.0., 2025).

Table 1. Summary of chemical analysis of dry mine sludge from Sava shaft

Value Unit Method
mg/kg SIST EN ISO 17294-
As 74.9 s.s. 2:2017 modif.
mg/kg SIST EN ISO 17294-
Al 89.3 S.s. 2:2017 modif.
me/kg SIST EN ISO 17294-
sb <10 S5, 2:2017 modif.
me/kg SIST EN ISO 17294-
Cu <10.0 s.s. 2:2017 modif.
mg/kg SIST EN ISO 17294-
Ba 143 S.S. 2:2017 modif.
mg/kg SIST EN ISO 17294-
Be <35 S5, 2:2017 modif.
me/kg SIST EN ISO 17294-
B <350 s.s. 2:2017 modif.
TOC 0.77 mg/kg SIST EN 13137:2002

SIST EN ISO 17294-

0,
Zn 26.086 % 8.8 2:2017 modif.
. y me/kg SIST EN ISO 17294-
i S.S. 2:2017 modif.
me/ke SIST EN ISO 17294-
sn <4.0 5s. 2:2017 modif.
mg/kg SIST EN 1SO 17294-
ca 5200 5., 2:2017 modif.
mg/kg SIST EN ISO 17294-
Me <3.00 5.3, 2:2017 modif.
mg/kg SIST EN ISO 17294-
Na = a0 ss. 2:2017 modif.
mg/kg SIST EN ISO 17294-
co 213 5.5, 2:2017 modif.
mg/kg SIST EN 1SO 17294-
o <30 5., 2:2017 modif.
mg/kg SIST EN ISO 17294-
Mn 71660 5.3, 2:2017 modif.
mg/kg SIST EN ISO 17294-
Mo <20 ss. 2:2017 modif.
y e mg/kg SIST EN ISO 17294-
S.S. 2:2017 modif.
mg/kg SIST EN ISO 17294-
se <350 5.3, 2:2017 modif.
mg/kg SIST EN ISO 17294-
Pb 822 5s. 2:2017 modif.
) mg/kg SIST EN 1SO 17294-
Si 28600 5s. 2:2017 modif.
mg/kg SIST EN 1SO 17294-
Ta <35 5s. 2:2017 modif.
mg/kg SIST EN 1SO 17294-
v <33 5.5, 2:2017 modif.
) mg/kg SIST EN ISO 17294-
Ti <400 5s. 2:2017 modif.
mg/kg SIST EN 1SO 17294-
Fe 458658 5s. 2:2017 modif.
. L3 mg/kg 1SO 167722:2004 brez
g i S.S. tocke 7.4.2 modif.
S 011 mg/kg ASTM
: 5s. D 4239(C):1997
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4. Conclusion

A historical overview of the abandonment of mining activities in Slovenia, in the context of mining
legislation, shows that mine closures have occurred or will occur depending on the applicable legislation and
the commitment of local communities to preserving mining heritage.

Post-mining activities therefore vary for different cases of mining heritage in Slovenia, which is also
linked to the financial resources invested in new programmes. These are primarily focused on tourism
products, as seen in the inclusion of the Idrija and Mezica mines in the UNESCO Geoparks network.

A different process of post-mining activities is underway in the Sitarjevec mine, where part of the mine
has been converted into an underground museum. The local community also places great emphasis on new
tourism products based on the recognition of the importance of the new natural ochre pigment for this area.
For the commercialisation of pigment from the Sitarjevec mine, we recommend developing a brand and
securing financial resources to establish a local company to extract and process mine sediment into pigment,
thereby adding value to this new mineral resource.

How the heritage will be managed after the abandonment of the Velenje coal mine remains to be seen, but
appropriate funds have been allocated for these programmes from the Just Transition Fund, given that the
Velenje coal mine has also been managed by the Coal Mine Museum of Slovenia for many years.

Care for degraded environments as part of post-mining activities also includes appropriate monitoring of
their condition, which is provided by the managers of these areas and regulated by relevant legislation.

The main concern for the future preservation of mining heritage is the shortage of properly trained
personnel in mining, as mine closures also lead to the discontinuation of educational programmes. It is
therefore necessary to consider who will be able to maintain the mines in the future and ensure their safe use
for tourism and other purposes in accordance with existing legislation. We therefore propose that a dialogue
be initiated in Slovenia as soon as possible between policy makers, legislators, former operators, local
communities, and research and education organisations on this topic.
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Dogu Karadeniz'in zorlu topografyast ve Giimiishane'nin daglik yapisi, bolgeye enerji erisimini
gliclestirmekte ve sebeke kayplarint artirmaktadr. Onay stirecini tamamlayan bu proje, halihazirda imalat
ve arazi diizenleme asamasindadir. Maden Atik Alanlart Rehabilitasyon Programi kapsaminda kapatilan
attk alanlar, sifir arazi israfi ilkesiyle yenilenebilir enerji sahalarina doniistiiriilmektedirv. Cevresel
rehabilitasyon odakli yaklasimla, atik alanlari geoteknik stabilizasyon, sizdirmaz kaplama ve yeniden tesviye
calismalariyla ¢cevresel risklerden arindrilmaktadir. Maden ge¢misinin neden oldugu toprak kirliligi ve su
kaynag tehditleri bertaraf edilerek alanlar ekosistem saglhigi agisindan giivenli hale getirilmektedir. Hicbir
ek arazi kullamimi yapilmadan, tahribatli alanlar PV dizi yerlesimi, inverter, SCADA entegrasyonu ve
performans izleme altyapisiyla modern bir enerji tesisine dontistiiriilmektedir. Projenin tamamlanmasiyla
birlikte; bolgesel arz giivenliginin giiclenmesi, sebeke esnekliginin artmasi, iletim kayplarimin azalmasi ve
enerji erigim esitsizliginin giderilmesi hedeflenmektedir. Temiz enerji tiretimiyle bélgenin karbon ayak izinin
azaltimasi, Tiirkiye'nin iklim hedeflerine yerel dlcekte katki saglanmasi ve istihdam olusturulmasiyla sosyo-
ekonomik refalin desteklenmesi beklenmektedir. Bu girisim, benzer cografyalara ilham verecek
olceklenebilir bir stirdiiriilebilirlik modeli sunmaktadir.

Anahtar Kelimeler; Maden atik alani rehabilitasyonu, Giines enerjisi, Yenilenebilir enerji

English Title of the Paper
Abstract

The challenging topography of the Eastern Black Sea region and the mountainous terrain of Giimiishane
make energy access difficult and increase grid losses. This project, which has completed the approval
process, is currently in the manufacturing and land preparation phase. Waste areas closed under the Mine
Waste Area Rehabilitation Program are being converted into renewable energy sites based on the principle
of zero land waste. With an approach focused on environmental rehabilitation, waste areas are being
cleared of environmental risks through geotechnical stabilization, impermeable lining, and re-grading
works. Soil contamination and water source threats caused by mining history are being eliminated, making
the areas safe in terms of ecosystem health. Without any additional land use, degraded areas are
transformed into modern energy facilities with PV array installation, inverters, SCADA integration, and
performance monitoring infrastructure. Upon completion of the project, the objectives are to strengthen
regional supply security, increase grid flexibility, reduce transmission losses, and eliminate energy access
inequalities. Clean energy production is expected to reduce the region's carbon footprint, contribute to
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Turkey's climate goals at the local level, and support socio-economic prosperity by creating jobs. This
initiative offers a scalable sustainability model that will inspire similar regions.

Keywords; Mine waste area rehabilitation, Solar energy, Renewable energy
1. Giris

Artan kiiresel enerji talebi ve iklim degisikligiyle miicadele gerekliligi dogrultusunda, yenilenebilir enerji
kaynaklarmna yonelik yonelim diinya genelinde ivme kazanmustir. Ozellikle uluslararas: iklim degisikligi
sozlesmeleri kapsaminda sera gazi emisyonlarinin azaltilmasina yonelik hedefler, alternatif ve diigiik
karbonlu enerji sistemlerine olan ilgiyi artirmaktadir. Bununla birlikte, enerji arz giivenliginin saglanmasi ve
konvansiyonel enerji tiretim teknolojilerinin ¢evresel etkilerinin minimize edilmesi gerekliligi, enerji
sektoriinde yapisal bir doniisiimii zorunlu kilmaktadir. Bu kapsamda, siirdiiriilebilirlik ilkeleri dogrultusunda
tasarlanan, maliyet etkin ve cevresel agidan giivenli yenilenebilir enerji teknolojileri aragtirma ve gelistirme
caligmalarinin odaginda yer almakta; s6z konusu teknolojiler farkli endiistriyel alanlarda giderek daha yaygin
bir sekilde uygulanmaktadir (Chiras ,2010& Cichon ,2012). Bu baglamda giines enerjisi, temiz, yenilenebilir
ve yliksek 6lgeklenebilirlik potansiyeline sahip olmasi nedeniyle madencilik sektoriinde one ¢ikan alternatif
enerji kaynaklarindan biri olarak degerlendirilmektedir.

Fotovoltaik (PV) sistemlerin, ABD’deki Goldstrike madeni (Steel Market Europe ,2014), Sili’deki
Chuquicamata madeni (Nielsen ,2011& Beetz ,2012), Weipa madeni (Australian Renewable Energy Agency
,2016), Avustralya’daki DeGrussa madeni (McCrae MA ,2015), Giiney Afrika’daki Thaba madeni (Global
Climate Partnership Fund ,2016) ve Surinam’daki Rosebel madeni (Colthorpe A. Canadian company to build
SMW PV plant at Suriname gold mine ,2013) gibi aktif maden sahalarinda basariyla uygulandig1 rapor
edilmistir. Bununla birlikte, ABD’deki Chevron Questa madeni (Chevron ,2015), Almanya’daki Meuro
madeni (Cichon ,2012) ve Kanada’daki Sullivan madeni (CBC News ,2014) gibi terk edilmis maden
alanlarinda da PV sistem kurulumlarinin gergeklestirildigi goriilmektedir. Bu uygulamalar, maden kapanisi
sonrasinda atil durumda kalan sahalarin yeniden islevlendirilmesi ve alternatif ekonomik faaliyetlerin
gelistirilmesi agisindan énemli bir déniisiim modeli sunmaktadir.

Ancak mevcut c¢aligmalarin biiyiikk oOlglide uygulama Orneklerinin tanimlanmasi ve enerji tretim
performansinin degerlendirilmesiyle sinirli kaldigr; maden sahalarinin jeoteknik, ¢evresel ve uzun donemli
arazi kullanim planlamasi baglaminda biitiinciil bir degerlendirme cergevesinin yeterince ele alinmadigi
goriilmektedir. Ozellikle maden atik depolama alanlarinin veya kapatilmis sahalarin yenilenebilir enerji
altyapisina entegrasyonu konusunda sistematik tasarim kriterleri ve siirdiiriilebilirlik analizleri literatiirde
sinirhi diizeydedir. Bu durum, s6z konusu alanlarin enerji liretim potansiyeli ile ¢evresel rehabilitasyon
siireglerinin entegre bigcimde ele alinmasini gerektirmektedir.

1.2. Madencilik faaliyetlerinde entegre edilen fotovoltaik enerji sistemleri
1.2.1 Faaliyeti sonlandirilmis maden alanlarinda fotovoltaik enerji sistemlerinin entegrasyonu
1.2.1.1. Kanada, Sullivan madeni, 2 MW fotovoltaik sistem

Sullivan madeni, Kanada’nin Britanya Kolombiyasi eyaletinde, Kimberley kentinde konumlanmaktadir.
S6z konusu maden isletmesinde, zengin cevher rezervlerine ulagmak amactyla agilan ¢ok sayida kuyu ve
yeraltt galerisi araciligtyla 140 milyon tonun {iizerinde kursun ve c¢inko cevheri ile pasa malzemesi
¢ikarilmistir. Madenin faaliyetlerinin sonlandirilmasmin ardindan, Teck Cominco (giincel adiyla Teck
Resources) tarafindan sahanin rehabilitasyonu amaciyla bes yillik bir siirecte yaklagik 70 milyon Kanada
dolar tutarinda yatirnm gergeklestirilmistir. Ayrica sirket, saha kaynakli drenaj sularmin izlenmesi ve
aritilmasi ¢alismalarini siirdiirmeye devam etmektedir.

Ontario’nun bati1 kesimindeki en bilylik giines enerjisi tesisi olma 6zelligini tagiyan Sullivan madeni
iizerinde kurulan fotovoltaik (PV) enerji santralinin insasi, Kimberley, Britanya Kolombiyasi’nda bulunan
kontamine bir maden sahasinin yeniden degerlendirilmesini amaclayan 5,3 milyon Kanada dolan biitceli bir
proje kapsaminda 2014 yilinda resmen basglatilmistir. Rocky Daglari’na hakim bir sirt iizerinde konumlanan
bu tesis, Bat1 Kanada’daki ilk ticari 6lg¢ekli glines enerjisi santrali, eski bir maden sahasi iizerinde kurulan ilk
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giines enerjisi uygulamasi ve ayni zamanda BC Hydro elektrik sebekesine entegre edilen ilk biiyiik 6lgekli
giines enerjisi tesisi olma niteligini tasimaktadir.

1.2.2. Aktif maden isletmelerinde fotovoltaik (PV) sistemlerin entegrasyonu
1.2.2.1. Sili, Chuquicamata Madeni’nde Fotovoltaik sistem (1 MW)

Chuquicamata madeninin elektrik ihtiyacin1 karsilamak amaciyla 1 MW kurulu giice sahip bir giines
enerjisi santrali (Calama Solar 3) yaklagik 62.500 m?’lik bir alan iizerinde tesis edilmistir (Sekil 1). S6z
konusu tesiste toplam 4.080 adet diizlemsel fotovoltaik (PV) modiil kullanilmig olup, modiil dizileri tek
eksenli giines takip sistemleri aracilifiyla otomatik olarak yonlendirilmektedir. Yillik yaklagik 2.500 kWh/m?
diizeyindeki kiiresel giines i1simmi degeri ile Atacama Colii, diinya genelinde en yiiksek giineglenme
potansiyeline sahip bdlgeler arasinda yer almaktadir. Bu yiiksek giines 1s1nimi1 kosullarinin sagladigi avantaj
sayesinde, Chuquicamata maden sahasinda kurulu PV sistemi 2011 yilindan itibaren yillik ortalama 2,69
GWh diizeyinde elektrik tiretimi gerceklestirmektedir (Nielsen ,2011).

Chuquicamata madeninin enerji gereksinimini karsilamak tizere 1 MW kurulu giice sahip Calama Solar 3
gilines enerjisi santrali, yaklagik 62.500 m? biyikliigiindeki bir sahada kurulmustur (Sekil 1). Tesis
kapsaminda 4.080 adet diiz yiizeyli fotovoltaik (PV) modiil kullanilmis olup, modiil gruplar1 tek eksenli
giines izleme mekanizmalar1 aracilifiyla otomatik bigimde konumlandirilmaktadir. Yillik yaklasik 2.500
kWh/m? seviyesindeki kiiresel yatay 1smmim degeri ile Atacama Colii, kiiresel olgekte en yiiksek giines
enerjisi potansiyeline sahip bdlgeler arasinda kabul edilmektedir. Bu elverigli radyasyon kosullarinin
etkisiyle, s6z konusu PV sistemi 2011 yilindan bu yana yillik ortalama 2,69 GWh elektrik iiretim
kapasitesine ulasmistir (Beetz ,2012).
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Sekil 1: Sili, Chuquicamata Madeni yakinlarindaki Calama Solar 3 enerji tesisinin havadan goriiniimii
(goriintii kaynagi: Bing Maps, http.//www.bing.com/maps).

2.Materyal ve Yontem
2.1 Calisma alanmnin tanimi

ADT 1 sahasi, Eosen yasl andezit ve bazalt ile bu birimlere ait piroklastik kayaglardan olusan Alibaba
Formasyonu {izerinde konumlanmaktadir. ADT 1 alam ve yakin ¢evresinde hakim litolojiyi, genellikle gri ve
siyahimsi-gri tonlarda gbzlenen andezitik ve bazaltik karakterdeki volkanik kayaclar olusturmaktadir. Yogun
catlak sistemleri iceren ve biiyiik l¢iide ayrisma gostermis olan bu volkanitlerde; yaygin silislesme, koyu
yesil renk ile karakterize edilen kloritlesme ve catlak zonlari boyunca gelismis kalsit damarlar siklikla
izlenmektedir (Alemdag& Sari ,2025).

ADT 1 govdesi kaya dolgudan insa edilmis bir atik barajidir. ADT 1 depo alanmin zemin
diizenlemesinden sonra drenaj ve taban gecirimsizlik sistemleri yapilmistir. Depolama alami {i¢ ayn
kademede insa edilmistir. Birinci kademe 1388-1407 kotlar1 arasi ikinci kademe 1407-1422 kotlar1 arasi,
tctincii kademe 1422-1423 kotlar1 arasindadir.
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Sekil 2: Govde kaya dolgu ve kaplama malzemeleri

Drenaj sistemleri: Periyodik su seviyesi artislarina karsi, gecirimsizlik tabakasi altina delikli boru ve
cakil filtreli bir alt drenaj sistemi planlanmistir. Bu amagla delikli HDPE drenaj borular1 ve cakil filtreler
kullanilmistir.

GSE Fobrinet Drenaj Geokempozitl 1 GSE Fwﬂﬂ"jii”k—"w&

[osE HoPE 2mm (2,00) Geamerbren
| Geasentetik Ki Mermbran (6CL)

KUSAKLAMA KANALI 1

UST DRENAJ

FILTRE MALZEME( GECIRIMLI GEREC )

FILTRE MALZEMESI( GECIRMLE @EQ{

DELIKLI HDPE BORU #200 t'-~
s3u | ioac A

YAMACTA YALITM VE DRENAJ TIPIK KESIT

OLCEK: 1/25

RIS SN LA

Sekil 3: Tabanda ve yamagta drenaj kesitleri

Sekil 4: Kaplama islemleri tamamlanmuis ve aktif sekilde kullanilmis olan ADT
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2.2 ADT alanimin rehabilitasyonu

Tesis kapsaminda yer alan ADT 1, isletme omriinii 2018 yili icerisinde tamamlamig olup, Giimiistas
Madencilik ve Tic. A.S.’ye ait atik depolama baraji kapatma projesi dogrultusunda rehabilitasyon siirecine
almmistir. Bu kapsamda, proje sahasinda gergeklestirilecek diizenleme kazi ve dolgu ¢aligmalar1 sonucunda
nihai atik tist kotunun 1423,86 m seviyesine getirilmesi planlanmaktadir. Atik yiizeyinde olusabilecek yiizey
akislarinin kontrollii bigimde uzaklagtirilabilmesi amaciyla, {ist kot seviyesinden sedde/kret yoniine dogru
%1 egim verilerek drenaj saglanacaktir. Olusacak yiizey sulari, sedde/kret boyunca insa edilecek ylizey suyu
drenaj kanali&kanallar1 araciligiyla toplanacaktir.

Sekil 5: ADT-1 Alanindan ADT-2(Sulu Atik) Alant Gériiniimii ve Tahliye Borusu

Depo iist ortiisii teskilinde sirasiyla;

Min. 50 cm Toprak/Tampon Tabakasi

Geosentetik Kil Tabakas1 (GCL)

Geokompozit Drenaj Tabakasi

Min. 50 cm Bitkisel Toprak Tabakasi/ Tampon tabakasi seklinde olacaktir.

YV VY

Sekil 6: Rehabilite calismast yapilmaya baslanan ADT-1 alam kapatma agsamalarina dair fotograflar

Tampon tabaka: Silfiirlii attiklarin oksijen ve su ile temasini sinirlayan; genellikle alkali karakterli veya
diisiik gecirgenlikli malzemelerden olusan ara ortii katmanidir. Calisma sahamizda tampon tabaka olarak 50
cm kalinlikli dogal kazi1 topragi uygulanmstir.

Geosentetik Kil Tabakasi (GCL): Su ile temas ettiginde siserek cok diisiik hidrolik iletkenlige ulagan
bentonit kil iceren, sivi ve gaz gecisini sinirlandirmak amaciyla kullanilan ince tabakali sentetik bariyer
sistemdir. Caligma sahamizda Geomas marka geosentetik kil tabakas1 kullanilacaktir. GCL serimi yapilirken
sekilde goriildiigii gibi birlesim bolgelerine 35-40 cm’lik bentonit kil serpilir amag ise bentonit su alip siserek
bu bolgelerdeki gecirimsizligi daha giivenli hale getirir.

Geokompozit Drenaj Tabakasi: Suyun kontrollii sekilde toplanmasi ve uzaklastirilmasi amaciyla
tasarlanmig kompozit malzemedir. Calisma sahamizda Geomas marka geokompozit drenaj tabakasi
kullanilacaktir.
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Sekil 7: Tampon tabaka, GCL ve geokompozit drenaj tabakast uygulamas: (Kiirtiinliioglu ,2025)

2.3 Giines Enerjisi Santrali

ADT-1 sahasinda gergeklestirilen rehabilitasyon c¢alismalar1 sonrasinda planlanan giines enerjisi santrali
(GES) projesinin, madencilik sektdriinde benzer atik depolama alanlarmin yeniden islevlendirilmesine
yonelik o6rmmek bir uygulama modeli olusturacagi Ongoriilmektedir. Atik depolama sahasinin
rehabilitasyonunun ardindan hayata gecirilecek GES yatirimi sayesinde, s6z konusu alanin atil durumdan
cikarilarak ekonomik degere doniistiiriilmesi miimkiin olacaktir. Bunun yani sira proje, yenilenebilir enerji
iretimi yoluyla karbon ayak izinin azaltilmasina katki saglayacak gevresel bir kazanim niteligi de
tasimaktadir.

Calisma kapsaminda, fotovoltaik panellerden olusan bir giines enerjisi sistemi tasarlanmis olup, sistem
yerlesimi saha topografyasi, nihai yiizey geometrisi ve kapatma tasarim kriterleri dikkate alinarak
planlanmigtir.

Giines enerjisi sisteminin tasarim siirecinde, atik depolama barajina iliskin kapatma kriterleri temel
tasarim kisit1 olarak dikkate alinmistir. Tasiyic1 konstriiksiyonun belirlenmesinde, ylizey miidahalesini en aza
indirecek ve kapatma Ortii sisteminin bitiinliigiinii zedelemeyecek ¢oziimler Oncelikli olarak
degerlendirilmistir. Ayrica, sistemden kaynaklanacak yapisal yiiklerin atik kiitlesi iizerindeki etkileri analiz
edilmis; panel yerlesim plan1 ise yiizey drenajimin siirekliligi ve genel sev stabilitesi kosullar1 gozetilerek
olusturulmustur.

Giines enerjisi sistemi tasiyict konstrilksiyonunda, yiiksek dayamim-diisiik agirhik optimizasyonu
saglamak amaciyla S355 kalite soguk sekillendirilmis yapisal ¢elik tercih edilmistir. Bu malzeme, daha ince
kesitlerle yeterli moment ve kesme kapasitesi saglayarak sistem toplam agirligin1 azaltmaktadir.

Celik Sinifi (S355 Cold Formed)

e  Minimum akma gerilmesi (fy) : 3619,99 kg/cm?

e  Minimum kopma gerilmesi (fu) : 5200,55 kg/cm?
o Elastisite modiilii (E): 2141404 kg/cm?

e  Termal Faktor (A) : 0,00001 C

Tablo 1: Zemin Degerleri

Deprem Bolgesi S¢/S1 I Rx Ry Zemin

DD-2 0,433/0,152 1,5 4 4 ZC

2.3.1. Tastyici sistem

Sekil 8: Tasiyict Sistem Rakam Aksi Kesiti
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2.3.2. Modelde Kullanilan Kesitlerin Detaylar

2.3.2.1. Model 3D Goriiniisii

Sekil 9: Kesitlerin 3D Gdésterimi

3. Bulgular ve Tartisma

Sekil 10: Panellerin yerlesimi

Tablo 2: Panellere ait mekanik ozellikler (*Montaj sekline bagli olarak kablo uzunlugu degisebilir).

Panel Olgiileri 2278 mmx1134 mmx35 mm

Hiicre TOPCon M10

Hiicre Sayisi 144 yarim hiicre

Agirhik 31 kg =1 kg

On/Arka Cam 2 mm, yiiksek gegirgenlik ve diisiik demir oranina
sahip temperlenmis cam

Cerceve Eloksal kaplamali aliiminyum

Baglanti Kutusu Koruma simifi IP68 (3 bypass diyotlu)

Kablo 4 mm? solar kablo, Uzunluk: 400 mm (+),300 mm (-)
sk
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Tablo 3: Evirici Ozellikler

Girig (DC)

Maksimum giris gerilimi 1500 V
MPPT sayisi 16

MPPT gerilim aralig1 500 V-1500 V
Minimum start ¢calisma gerilimi 550V
Maksimum giris MPPT kisa devre akimi 60 A
Cikis (AC)

Maksimum AC gii¢ 352 KVA
Nominal AC gerilimi 800V
Maksimum ¢ikig akimi 254 A
Anma sebeke frekansi 50/60 Hz

4. Sonuclar

Bu c¢alisma, Dogu Karadeniz gibi enerji erisiminin zor oldugu, madeni atiklarin siirdiiriilebilir
siirdiiriilebilir giines enerjisi (GES) firetimine doniistiiriilmesini incelemektedir. Mevcut klasorlerdeki
kapatma Ortlisii tipi, yilizey drenaji ve drenaj diizeninin GES sistemindeki bdlmelerin rol oynadigi
kanitlanmigtir. Yiizeyin biitiinliglinii korumak adina, ortadan kaldirmak mutlaka tercih edilmelidir. "Sifir
arazi israfi" ilkesiyle kritik avantajlar sunmaktadir.

GES'e ait sisteme ilave yiiklerin kritik bir olumsuzluk olusmadigi tespit edilmistir. Ancak atik
malzemesinin zamana bagli deformasyonu ve uzun donem oturmasi muhafazakar se¢imi ve etkin performans
izleme programlarinin simiflandirilabilir. Bu sayede, ek arazi kullanimi ol modern enerji tesislerine
dontistiirtilmektedir. Bu biitiinlesik yaklasim, yap1 hayati 6nem vermek.

Atik baraj sahalarinin enerji iiretimi amactyla yeniden kullanilabilir hale getirilmesi, arazi kullaniminin
muazzam Ol¢iide genisletilmesi ve endiistriyel olarak siirdiiriilebilinirlige muazzam katki saglar. Tarim ve
yerlesim alanlartyla rekabeti azaltan bu uygulamalar bir yazma yetenegi sunuyor. Projenin kesilmesiyle;
bolgesel arz giivenligi giiclenecek, sebekelestirilecek, dagitim kayi dramatik sekilde azalacak, Tirkiye'nin
iklimlendirilmis *Gti¢lii bir yerel katki saglanacak ve istihdamla sosyo-ekonomik refah etkin bir sekilde
desteklenecektir.

Sonug olarak, atik depolama kapasitesi gilines enerjisinin biitiiniiyle hem ekonomik hem de riskleri
tamamen ortadan kaldiran, genis sosyo-ekonomik faydalar sunan, uygulanabilir ve alternatif bir arazi
kullanimidir. Bu ¢alisma, benzer cografyalara ilham verecek, dl¢eklenebilir ve siirdiiriilebilir bir model
olarak 6ne ¢ikiyor.
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