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Abstract: Both underground and open-pit mining projects are 
of spatial significance, which overlap each other with different 
underground and surface forms of usage such as drinking 
water production, tunnel constructions, and construction 
projects with deep foundations. Related to mining a form of 
usage of subsurface cavities, apart from the production of 
mineral resources, are the storage of natural gas and oil and 
the disposal of different types of waste such as residual 
materials from the chemical industry as well as spent nuclear 
fuel. The constructive management between different usages of 
the underground and the surface requires, due to the 
complexity of connected issues and possible influences, a 
comprehensive approach to achieving a systematic interaction. 
For purposes of an overall approach, the term ‘subsurface 
spatial planning’ will be implemented.  
All spatial data in relation with the production of mineral 
resources are pooled within the mine surveying departments of 
mining companies and mining authorities. Therefore, mine 
surveyors are predestined for the processing of this challenging 
task. The utilization of the underground is of increasing 
importance and is of high interest of the common good as well 
as future generations. 
The connection of the topic of subsurface spatial planning to 
the state chancellery of North Rhine-Westphalia emphasizes its 
current high significance. 
Subsurface spatial planning requires expertise in 
geomonitoring, geohazards, geomodeling, geodata 
management, and judicial aspects concerning mine subsidence: 
• Projection and monitoring of ground- and rock 

movements related to mineral resources, 
• Surveying and registration of deposits, 
• Monitoring and preservation measurements, 
• Analysis and prognosis of impacts related to mining 

activities,  
• Registration of ground movements both on and below 

surface, 
• Avoidance of geohazards by optimized extraction 

planning, 
• 3D underground modelling (static, kinematic), 
• Support of a sustainable extraction planning for a more 

efficient exploitation of the existing reserves, 
• Exploration and evaluation of the underground as well as 

reserve calculation of deposits, 
• Gathering, processing, storage and analysis of spatial data 
• Visualization of gathered data via cartographic 

representations, which can be utilized for purposes of 
orientation, navigation, documentation and planning, 

• Processing of licensing procedures and issues,  
• Optimization of existing regulations on utilization of 

subsurface spaces,  
• Mediation in case of conflicts of interest regarding the 

utilization of subsurface spaces. 
• Simulations of the utilization of subsurface spaces 
• Planning of subsurface infrastructure 
• Concepts for final disposal 

• Licensing procedures related to subsurface spatial 
planning 

This article provides an insight into the challenges mine 
surveyors have to face in cooperation with other geosciences 
and describes the complexity of these tasks. 
 
I. INTRODUCTION 

The utilization of the underground is of increasing 
significance and of high interest for the common good and 
future generations. For decades humanity has been living 
from and with the subsurface. Salt, coal and lignite, just to 
mention a few mineral resources, have been extracted from 
the underground (Sailer, 2013).  

Nowadays, the subsurface is utilized for various other 
purposes than the mentioned production of mineral 
resources such as underground waste disposal, the usage of 
thermal waters, groundwater extraction, and the storage of 
natural gas and oil. Further usages are tunnelling, drinking 
water production and underground construction projects. 
The storage of nuclear waste depicts another future 
challenge. In the future this broad range of usage forms will 
extend both qualitatively and quantitatively through storage 
of renewable energies and carbon dioxide, and the 
increasing utilization of geothermal energy. (Wedekind, 
2014) 

Thanks to the broad knowledge, for instance in the field 
of geomonitoring, geohazards or geomodeling, the 
occupations group of mine surveyors is predestined to meet 
the previously mentioned future challenges. The 
constructive management between different forms of usage 
of the surface and subsurface requires a holistic approach to 
cope with the complexity of possible questions and 
influences. For this purpose, the term subsurface spatial 
planning has been introduced. 

The goal of subsurface spatial planning is to maximize 
benefits from the geological conditions. This development is 
taking place both globally and more specifically in Germany 
where major challenges are the dense population as well as 
the variety of forms of utilization of the surface and 
subsurface. Furthermore, the requirements of the geological 
subsurface are becoming even more diverse regarding the 
usage forms mentioned above. It covers the scope from the 
ground surface to depths of several thousand meters. These 
manifold potentials lead to usage competitions, which will 
be specified in this paper and must be discussed in the 
future. Additionally, negative impacts on protective goods, 
especially groundwater, must be avoided. Exemplary cases 
and explanations will be provided and discussed throughout 
the present elaboration. 

A first report on the subject of geological information and 
evaluation criteria on subsurface spatial planning has been 
prepared by the German Geological Service (SGD) in 
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collaboration with the Institute of Geosciences and Natural 
Resources (BGR) and the Leibniz-Institute for Applied 
Geophysics (LIAG) in the year 2012. (Arbeitsgruppe, 2015) 

Furthermore the present article addresses the legal 
situation, which must be reformed in the future, since a 
spatial planning for usage competitions is not yet covered in 
the existing law. These new options for a utilization lead to 
new questions regarding regional planning. Furthermore, it 
needs to be clarified whether the current form of the Federal 
Regional Planning Act (ROG) and the Federal Mining Act 
are sufficient or if an advancement is required (Wedekind, 
2014). 

II. FORMS OF SUBSURFACE UTILIZATION IN GERMANY 
In addition to the production of mineral resources, liquid 

or gaseous substances and rocks increasingly large 
subsurface openings serve as storage facilities and the usage 
of geothermal energy. In this case the goal is to reach the 
climate and energy objectives of federal and state 
governments regarding the subject of energy transition 
(Arbeitsgruppe, 2015). Further usage forms are the 
production of drinking water, underground waste disposals 
and the utilization of thermal waters. Today there is a variety 
of claims on subsurface utilization and additional claims are 
expected in the near future. The storage of renewable 
energies (e.g. methane or hydrogen) and the storage of 
carbon dioxide serve as examples for these claims, in order 
to reduce the release of greenhouse gases. Particularly the 
fracking method and the “Carbon Capture and Storage” 
(CCS) technology for separation/storage of carbon dioxide 
must be mentioned (Wedekind, 2014). 

The geological conditions in Germany show high regional 
disparities. Accordingly, the usage potentials can be very 
different from one state to another and subsurface usage 
possibilities are not the same. Besides the usage 
possibilities, the geological conditions also effect the 
method of the respective technical implementation, which 
applies to both unconsolidated and hard rock as well as 
further geological structures such as salt domes and deep 
aquifers (Arbeitsgruppe, 2015). 

Some of the subsurface utilization potentials are 
displayed schematically in Figure 1. 

As a result of the natural conditions, such as the fact that 
aquifers for drinking water production are mainly situated in 
geological formations near the surface, and a more cost-
efficient underground development, the utilization of 
underground resources near the surface (depth 
approximately 400 m) is intensified (Arbeitsgruppe, 2015). 
The following forms of usage in the area of near-surface 
unconsolidated and hard rock are (Arbeitsgruppe, 2015): 
A. Production of mineral resources in underground mines 

(industrial mineral, partly ore) 
B. Groundwater extraction (drinking and process water) 
C. Groundwater extraction (mineral water, curative water, 

thermal water) 
D. Near-surface geothermal energy (depths <400 m) 

Downhole heat exchanger 
E. Near-surface geothermal energy (depths <400 m) 

Groundwater Well 
F. Energetic utilization in former underground mines 
G. Tourism in closed underground mines  
H. Pumped-storage plant 
I. Tunnels and other infrastructural works 

 
Figure 1: Schematic illustration of different usage forms (Arbeitsgruppe, 
2015) 

Further usage possibilities can be found in salt structures. 
The largest deposits of this kind, found in both rock 
formations “Rotliegend” and “Zechstein”, are located in 
northern and central Germany. The Zechstein salt is the 
most common kind in these regions. In addition, salt 
deposits with lower thicknesses occur in geological 
structures in the southern and central part of Germany. The 
accumulated salt deposits form a locally limited geological 
salt structure (salt anticline, salt domes and salt pillows) or 
occur in the form of flat storage (strataform bearings) in 
spacious salt layers ranging several 100 km² (Arbeitsgruppe, 
2015). 
Possible forms of usage of the subsurface in salt structures 
or salt deposits are the following (Arbeitsgruppe, 2015): 
• Salt mining (underground) possibly with underground 

backfilling 
• Salt mining (via boreholes) possibly with underground 

backfilling 
• Cavern storage (natural gas/methane) 
• Cavern storage (compressed air) 
• Cavern storage (hydrogen) 
• Cavern storage (crude oil, mineral oil products and 

liquefied gas 
• Underground storage sites 
• Exhibition Mine 

The third addressed usage form is the utilization of deep 
aquifers, which are bodies of rock or rock strata in the 
deeper subsurface with sufficiently large pore spaces. Due to 
the fact that these pore spaces are connected with each other, 
water is stored, channelled and substances dissolved in water 
can be transported. Dependent on depths the thermal waters 
and thermal brines in pore spaces differ in temperature and 
mineralization (e.g. Molasse Basin, Northern German 
Basin). Additionally, such deep aquifers can be used for the 
disposal of process water and reservoir water. In so-called 
anticlines or trap structures, structures sealed by natural 
barriers, hydrocarbons (natural gas and/or natural oil) can be 
enriched. Under these circumstances natural gas can be 
stored or carbon dioxide can be deposited (Arbeitsgruppe, 
2015). 
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Possible forms of usage in deep aquifers or currently 
discussed forms of usage respectively are the following: 
• Production of hydrocarbons (natural oil and gas) from 

permeable reservoir rocks 
• Groundwater extraction (mineral water, curative water, 

thermal water) 
• Production of carbon dioxide 
• Subsurface storage of natural gas (methane) in aquifers 
• Subsurface storage of natural gas (methane) in former 

hydrocarbon deposits 
• Injection of process and production water 
• Carbon dioxide storage in former hydrocarbon deposits 

• Carbon dioxide storage in deep, saline aquifers 
• Deep geothermal energy (depths >400 m), hydrothermal 

usage (doublet) 
• Usage of deep aquifers for thermal energy storage 

In the year 2014, the status quo of the utilization of the 
underground in individual German states was set up. The 
focuses were to have a complete overview of the current 
usage forms and to estimate the importance of individual 
usage forms on the federal level (Arbeitsgruppe, 2015). The 
comprehensive spectrum of subsurface usage forms and 
usage potentials is illustrated in  

Table 1.

 

TABLE 1: USAGE FORMS AND UTILIZATION POTENTIALS OF SUBSURFACE IN GERMANY 

 
 

 
For the purpose of simplification, the usage forms were 

subdivided into three groups: the extraction of resources, the 
enclosure of substances as well as the in situ-utilization and 
infrastructure. 

With regard to the table shown above first a short, 
exemplary overview of the general situation of usages and 
usage possibilities in Germany is given. Then, usage 
competitions are explained referring to selected examples. 

 
 
 

III. POTENTIALS IN GERMANY 
Currently ore and industrial minerals are exploited in 

underground mines in nine of the 16 federal states of 
Germany. In further three there are usage potentials. 
Although hard coal mining operations in Germany will be 
closed in 2018, in nine federal states potentially mineable 
coal bearing layers can be found. Moreover, salt is produced 
in eight federal states and also three more show usage 
potentials. 

The production of shale gas is another form of usage. 
Such deposits exist in nine federal states. However, a 
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production of shale gas is not carried out. On the one hand 
this is because the possibility of an economic production is 
not adequately explored and on the other hand because the 
production is not permitted under the legal framework. 
Therefore, gathering of information and data, which will be 
pointed out more detailed below, is essential in the future. 

In the field of storage there are differences between 
currently applied and potential forms of usage. The 
subsurface storage of natural gas in deep aquifers is 
presently carried out in seven federal states, while five more 
states show potentials. Moreover, other forms of 
underground storage, such as the storage of compressed air 
or carbon dioxide, have much higher potentials than what is 
currently carried out. This is mainly due to existing usage 
conflicts. 

Additionally, geothermal energy as an in situ-utilization is 
another form of a subsurface usage potential in Germany. In 
many federal states a near-surface utilization of geothermal 
energy is already taking place. The utilization of deep 
geothermal energies (depths >400 m), however, is rare 
although there are high nationwide potentials 
(Arbeitsgruppe, 2015). 

Besides the fact that the data basis is insufficient, this is 
due to the present usage competition, which must first be 
identified based on the analysis of geological data. Based on 
the parameters, relevant to the individual form of usage, 
usage potentials in accordance with approved criteria can be 
detected and the most suitable form of usage of the 
subsurface can be determined. Geological 3-D models of the 
underground are in this case the state of the art 
(Arbeitsgruppe, 2015). 

 

 
A glance at the depth dependence of different forms of 

underground usage in Error! Reference source not found. 
shows the variety of usage potentials and possibilities within 
the first 2,000 m of the subsurface. 

In regard to identifying the corresponding usage In regard to identifying the corresponding usage 
competitions, it is important to note that forms of usage, 
depending on geological conditions, may exist that mutually 
exclude one another. Other usage forms may be carried out 
simultaneously or successively, but also, in spatial terms, 
next to or on top of one another (Arbeitsgruppe, 2015). In 
the field of subsurface spatial planning it must be 
investigated to which extent different sectors such as 
economy, ecology, and social matters (e.g. production of 
various mineral resources) can be reconciled. Therefore, 
subsurface spatial planning meets the concerns and 
requirements of a sustainable development (Frenz, 2014). 

A. Selected Examples of Usage Competitions 
As already mentioned the usage forms are subdivided into 

the groups the extraction of resources, the enclosure of 
substances as well as the in situ-utilization and 
infrastructure. Some selected examples of usage 
competitions are given and explained below. 

B. Extraction  
The first group is the extraction of mineral resources. The 

extraction of mineral resources results in underground 
cavities and damaged excavation zones in the overlying 
roof, which can lead to surface subsidence as well as a 

change of the groundwater situation. This requires 
groundwater management measures (Arbeitsgruppe, 2015). 

For an open pit lignite extraction in Germany ground 
water has to be pumped over large scale, so that it is in 
competition to the utilization of groundwater. However, the 
consequences of the dewatering, for example at the Rhenish 
mining area, are not limited on the closer environment. 
Beside the usage competition with the extraction of 
groundwater, the extraction of lignite coal has some wider 
impacts. A cone of depression arises. It reaches to the 
nearby Netherlands and affects also marshlands, which are 
reliant on the upper aquifer (Jansen, 2005). 

In addition to direct impacts the lowered groundwater 
level has indirect effects on the environment. By desiccation 
of geological layers the geophysical conditions change. The 
lowering of the groundwater leads to subsidence at the 
surface. As long as the geological conditions within the 
sphere of influence are homogeneous and therefore the 
subsidence is uniformly, they have only marginally 
consequences on buildings and infrastructure. 

However, since the geology of many regions of the Lower 
Rhenish Basin is characterized by major and minor 
disturbances and faults, seen in Figure 3, it comes to 
different rates of subsidence along faults. These differences 
might lead to significantly consequences on surface 
facilities. 
 

Figure 2: Variety of underground usage (Arbeitsgruppe, 2015) 
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Ultimately those different rates of subsidence, on both 

sides of a geological fault, are connected to the geological 
structure and the soil-mechanical divergences, which 
incurred as a result. In thickness and type varying soil 
horizons, which are affected in a diverse degree due to 
vertical displacements, react differently on the dewatering. 
The more fine-grained the geological horizon is, the larger 
the amount of shrinking could be, which lead to an increased 
effect on the surface. For example the consequences of 
dewatering in clayey soils are different to those in gravel 
and sand (Giese, 2010). Equally endangered are regions of 
meadows with turf inclusions, which, compared to the 
surrounding geology, react entirely different on dewatering. 
This might lead to immense different amounts of subsidence 
as well. 

The area those differences of subsidence affect and the 
possibility to localize those affected areas need to be 
analysed and is a research topic of the institute of mine 
surveying. For those intentions but also to be able to do 
future forecasts about subsidence differences and to monitor 
geological faults, a detailed mapping is necessary. In the 
context of subsurface spatial planning this mapping has to 
be developed over the medium to long term. Also regarding 
opencasts, subsurface spatial planning plays a big role in the 
future. 

Another example of extraction as a usage of subsurface 
space is the production of salt by means of leaching 
(Arbeitsgruppe, 2015). Due to the production of potash and 
rock salt via leaching, water gets into the salt deposit 
through one or more drill holes. This generates brine, which 
is pumped to the surface. The extracted brine is used in salt-, 
chemical and pharmaceutical industries (Arbeitsgruppe, 
2015) (Salzgewinnungsgesellschaft Westfalen mbH). With 
regard to the space requirement, only the construction of a 
well site is necessary (dimensions < 0.01 km²) 
(Arbeitsgruppe, 2015). However cavities, so called salt 
caverns, arise in the underground. Due to the rock pressure 
in the subsurface area the caverns converge in the course of 
time. The consequences of those convergences are 
subsidence at the surface. The required space of the 
underground might be several cubic kilometres 
(Arbeitsgruppe, 2015) (Hengst, 2014). 

The salt production by means of drilling boreholes leads 
to usage competitions in rock salt formations. These are salt 
mining, the installation of caverns to store liquids and gases 
and possibly deep geothermal power. Within the salt 
formations a side by side or a floor by floor usage is possible 
in compliance with safety distances. (Arbeitsgruppe, 2015). 
With the regard to subsequent usages they provide the 
following opportunities for leached salt caverns: 

Storage of gases and liquids like natural gas, crude oil, 
petroleum products, liquid gas, compressed air and 
hydrogen 

Underground storage or underground backfill of waste 
Construction of underground pumped-storage plants 

C. Enclosure 
In the second group of utilization usages are concluded, 

which include the storage of solid, liquid and gaseous 
substances. It is distinguished between options for a 
temporary storing of energy resources or chemical products 
and a permanent storage of substances, a final deposit 
respectively a depositing (Arbeitsgruppe, 2015). 

The underground storage of natural gas in salt caverns 
takes place in eight federal states of Germany. Beside that 
the Federal State of Thuringia has further usage potential. 
Crude oil, mineral oil and liquid gas are stored in five 
Federal States. In this respect four more federal states also 
show usage potentials. Only in Lower Saxony, in the 
compressed air power station “Neuenhuntorf”, compressed 
air is stored in a cavern with a total volume of 310,000 km³. 
Beside that in eight further federal states usage potential is 
available. The subsequent use for those underground 
storages of natural gas, crude oil, petroleum products and 
pressure air in salt caverns are the storage of other 
substances, waste disposal or the safekeeping of the cavern 
by flooding or sealing. The storage of hydrogen in salt 
caverns is not explored in Germany. 

Within the waste disposal it is distinguished between 
underground backfill, recovery of waste to stabilize caverns 
and underground depositing, final deposit and permanent 
storage of waste. Backfill caverns are located in Saxony-
Anhalt (Straßfurt) and in Thuringia (Kehmstedt). Currently 
there are no underground landfills. The opportunity for a 
construction of underground pumped storage is investigated 
at present. Subsequent usages are not the result of 
underground landfilling and underground backfill 
(Arbeitsgruppe, 2015). 

D. Final disposal and underground storage 
At this point the topic area of final disposal and 

underground storage should be considered with an example 
of the disposal of nuclear waste at final storages. In general 
it is distinguished between high-level, heat-generating waste 
(e.g. spent fuel elements or radioactive reprocessing wastes) 
and non-heat-generating waste (operational waste or 
decommissioning wastes) in Germany. Currently a 
commission of the Federal Government deals with this 
topic, to store those wastes safe and long-term. 

The commission has analysed the different potential 
solutions to dispose of high-level heat-generating nuclear 
waste. The preferred solutions - called path - based on the 
present state of the art are the final disposal in deep 
geological formations in a mine. Beside that there are other 
potential solutions, where the technologies are not yet 
available but which may turn out as possible technologies 
for the treatment or disposal of the waste stream. They 
should be analysed repeatedly after certain time steps. 

The so-called sub paths are final disposal in deep 
boreholes, long-term interim storage and transmutation. 
Especially the final disposal in deep boreholes might offer 
an alternative to the disposal in a mine. But at the moment 
questions like recoverability or what can happen if the 

Figure 3: Profile of the Lower Rhenish Basin (RWE AG) 
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disposal process fails are not yet answered. For such a case 
it is intended to watch the technology development. 

Table 2 gives an overview of previous final disposal 
projects in Germany. 

 
TABLE 2: DISPOSAL PROJECTS IN GERMANY 

Project Geological 
Formation Purpose Actual Status Waste 

Gorleben 
 
1979 -2013 

Salt dome 

Repository for all types of 
radioactive waste 
especially high-level and 
heat-generating waste 

All investigations are 
stopped in 2013 
But will take part in the 
new site   selection 

17,000 t 
HLW/spent fuel 

New site selection 
 
2017-≥ 2050 

Salt 
Clay 
Crystalline 

Repository for high-level 
and heat-generating waste 

Evaluation of the site 
selection act 

17,000 t 
HLW/spent fuel 

Konrad 
 
since 1982 

Iron ore 
Repository for long lived 
waste with negligible heat 
generation 

Licence issued 2002 
Start of operation ≥ 2021 
Operation: ≈ 35 years 

300,000 m3 
LLW/ILW 

 
In general there are three different kinds of host rock for a 

final disposal of nuclear waste in a disposal mine. These are 
salt, clay and crystalline. Those geological formations are 
found in many regions of Germany. Also the option of the 
disposal of nuclear waste in deep boreholes takes place 
within the resource (“subsurface space”). It is considered to 
store wastes in formations in a depth of 3,000 to 5,000 m. 

Therefore final disposal and underground storage are in 
usage competition to the other potential usages of the 
subsurface space, mentioned in this paper. 

E. In situ-utilization 
The last group mentioned in the table (page 6) 

summarizes in situ-utilization and buildings of 
infrastructure. In situ-utilization as well as geothermal 
usages might be connected with a supply or a removal of 
geological materials and a subsequent return. Thereby, 
changes within the pressure system and the system of flow 
are possible. Among other things infrastructural buildings 
are tunnel construction projects with possible overlays of 
several hundred meters. Also in this case the appearance of 
subsidence at the surface and changes in the ground water 
situation is possible (Arbeitsgruppe, 2015). 

An example for the in situ-utilization and also for the 
usage competition with regard to salt production via 
leaching is the use of geothermal energy by means of deep 
borehole heat exchanger (deep geothermal power < 400 m, 
petrothermal use). A deep borehole heat exchanger is a 
closed system to whereby the geothermal energy reaches the 
surface with the help of a heat-transfer medium. The heat 
exchanger is an example of a usage competition of the 
hydrocarbon-production and the underground storage. By 
using heat exchangers geothermal energy is produced in the 
federal states of Brandenburg, Bavaria, Hesse and 
Rhineland-Palatinate (Arbeitsgruppe, 2015). 

Statements regarding the quality of data and the level of 
detail are essential for a geoscientific analysis of usage 
potentials. So far, the specificity of available geological data 
disallows confirming the feasibility for a particular use, so 
that an improvement of the database is necessary for a 
determination of usage potentials (Wedekind, 2014). 

As well as the general improvement of the geological 
database, the data basis for the extraction should be 
improved in particular. All data of mining with spatial 
relationship are focused in surveying departments of the 
mining companies and the mining authority. The 

consequences are synergy effects in order to deal with those 
challenging tasks. That is why mine surveyors might be 
involved in the developing of criteria for usage-options, the 
“Stockwerknutzung” (use of different levels of the 
subsurface space) and the evaluation of their suitability. In 
that case the regard of the issue of mining-related rock and 
ground movements play a role, too, both while and after an 
active mining. 

F. Post mining issues 
Post mining issues represent another field of research and 

refer to hard coal mining. For this area the research focus 
shifts from the active coal mining to the consequences of the 
termination and the closure of the mine sites. It was decided 
by the government that the last hard coal mine will be closed 
at the end of 2018. The so-called “inherited liabilities with 
unlimited duration” have to be financed even after the last 
mine closure. One part of the inherited liabilities is the pit 
water management. Up-to-date the mine water is pumped to 
a level underneath the deepest mined seam. To minimize 
these costs – after the mine closure – the plan is a monitored 
rise of the mine water. An important research aspect during 
active mining is the subsidence and the subsidence 
prediction modelling. The equivalent for the past mining 
phase is the uplift motion of the surface due to mine water 
rise. In densely populated areas, such as the Ruhr district, 
those uplift motions lead to negative impacts on structures 
and infrastructures on the surface. Because of this the 
institute for mine surveying researches the effects of the 
mine water rise after the mine closures for the subsurface 
spatial planning. 

The Ruhr district extends from Duisburg in the west to 
Dortmund in the east and from Haltern in the north to 
Hattingen in the south. Up-to-date the annual volume of 
pumped mine water is about 100 Mio. m³/a (Fischer, 2014). 
The future goal is to lower the pumping costs with an 
improved pit water management system. Figure 4 shows the 
pit water management locations. These locations form one 
large mine water management system connected with 
underground waterways between the coal mines. Therefore, 
the institute for mine surveying performed a quantification 
and optimization of mine water related costs in the Ruhr 
district after the mine closure which focused on the 
development of an optimization model for the cost-minimal 
water level (Papst, 2015). 
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At the moment, the research is set to analyse the effects of 
the mine water rise on the surface at a closed mine without a 
waterway connection to the mine water system of the Ruhr 
district. Those results will be transferred to the water 
management system of the Ruhr district. The research 
targets are the following aspects: 
• The maximum uplift of the surface 
• The dynamic between the velocity of the mine water 

rise and the development of the uplift motion at the 
surface 

• The coverage of the uplift motion (Angle of draw) 
• Motion elements (strain, pressure, tilt, etc.) 

Sroka and Preuße (2009) developed the prediction model 
of uplift motion due to mine water rise. The theory of this 
prediction model is based on the following assumptions: The 
mine water rise leads to an expansion movement in the 
fractured zone above the mined seam (The fractured zones 
thickness is three to four times higher than the mined seams 
thickness). This expansion movement results in a pressure 
increase in the rock Δp. The pressure increase causes a 
force, which triggers an uplift motion Δh of the fractured 
zone. This is reflected by an uplift of the overlaying rock at 
the surface with a maximum uplift value Δhmax. The theory 
of this model is shown in Figure 5 (Preuße & Sroka, 2009). 
 

 

 
With the help of the uplift motion model a distribution of 

elevations for the whole mine respectively the whole mining 
area can be created. Potential hazards at the surface shall be 
determined and classified with the help of the distribution of 
elevations. Current knowledge regarding the maximum 
amount of the elevation says that it reaches an amount of 
two to five per cent of the subsidence, when the groundwater 
rises from the deepest level up to the aquifers. 

Also after the mine closure in Germany at the end of 
2018, the pumping of ground water has to be operated 

constantly, as the natural ground water level (without 
pumping) often lies above the terrain surface. Therefore the 
pit water management is an issue, subsurface spatial 
planning has to deal with in the field of hard coal mining 
beyond 2018. 

IV. LEGAL REGULATIONS 
Currently the major task of spatial planning according to 

the spatial planning law is the development of an 
interregional and interdisciplinary plan. It combines the 
space use for the whole area of the Federal Republic of 
Germany and coordinates those utilizations. 

The spatial planning law also allows planning parameters 
for subsurface types of usage, so that underground projects 
can be part of regional planning. A three-dimensional 
planning (“Stockwerknutzung”) is not part of the valid 
spatial planning law, so far. Beside that determinations at 
federal level have restricted legal bindings. Each state in 
Germany is able to make decisions regarding goals of the 
spatial planning. Currently the mining law and water 
legislation are applied to regulate underground (Hellriegel, 
2014). 

By growing usage competitions an overall spatial 
planning, which is currently missing, is necessary 
(Wedekind, 2014). If different natural resources in a defined 
area exist, the question arises, which resource can be 
explored or mined. Without further legal regulations, there 
would be the danger that suitable rock formations are lost, 
because of permits of conflicting utilizations in the 
meantime. The creation of a planned “Stockwerknutzung” 
would be a useful addition to the valid spatial planning law. 
Shall that topic be handled in a proactive way, the 
subsurface spatial planning is useful to support the 
developing process based on detailed mapping and charting. 
This always happens with the premise to protect special 
goods like ground water (Frenz, 2014).  

In combination with valid legal regulations the goal of the 
subsurface spatial planning is to establish innovative control 
functions within the spatial planning law, in order to enable 
a “Stockwerknutzung” and parallel possibilities of the 
presented forms of utilization. 

V. CONCLUSION 
The underground in Germany is used in many ways. 

Besides the traditional mining, final disposal and dumps, the 
usage of ground water and the storage for the utilization of 
the underground space are part of this. Thereby the usage 
itself and also the manner of usage get a higher priority. The 
complexity of questionnaire and the goal, to get the greatest 
possible and especially a sustainable use, requires an 
integrated approach. For that the term of “subsurface spatial 
planning” is introduced. The purpose of this is to combine 
several competitive and meshing activities of the 
underground. 

This ongoing process takes place globally and is 
illustrated with the example of Germany, a country, whose 
usage potential is based on the extraction of resources as 
well as the storage and in-situ use. Nonetheless, not all of 
those potentials can be used, which is related to the fact of 
the competitive situation on the one hand and legal 
limitations on the other. Based on current geological data the 
task is now to complement the legal regulations and adapt 
them to the usage competition. With the help of already 

Figure 4: Pit water management system of the Ruhr District (RAG) 

Figure 5: Theory of the prediction model of the uplift motion due to mine 
water rise invented by Preuße and Sroka (Preuße and Sroka, 2009) 
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existing laws and rules a way has to be found to make a 
three dimensional “Stockwerknutzung” possible in order to 
use the underground potentials sustainable. 

Beside that protected natural resources like ground water 
has to be handled sensitively. No other good in the 
underground is affected by subsurface activities like ground 
water. This fact plays a role, both during and after mining 
activities, because of possible direct and indirect soil 
mechanical effects on the environment. Relative effects are 
felt within the dewatering of the ground water level for 
surface mining and underground mining, a later increase of 
the ground water and also within the drinking water 
production itself. 

The subsurface spatial planning sees itself as a holistic 
part of all activities and tasks within the geological 
underground, for which the mine surveyor is predestined, 
because of his diversified competences. 
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