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Monitoring concept outfit

• aim: classification, distinguishing criteria, origin of salinity, 
regional hydrogeological system understanding

• current portfolio of natural tracers to evaluate the
hydrogeochemistry of hard coal mine water in the Ruhr District

• tracking of mine water flow pathways in the subsurface/mine
workings despite limited access

• hydrogeochemical data repository for all formation waters (incl. 
drinking water reservoirs), aquifers and mine water provinces

• detection of mine water infiltration into aquifers during
rebound is key



Long term liabilities & integrated monitoring
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• perpetual obligations, i.e. long term liabilities, of RAG:
• Mine water management

• Polder measures

• Groundwater/mine water discharge purification

• gamechanger project: yearly costs ~300 Mill. EUR;

• Risk management and integratedmonitoring plan 
using „bow‐tie“ method needs to be implemented.

• This research aims to deliver a hydrogeochemical
toolset in order to verify containment of mine water.

• baselines for the various natural tracers (i.e. naturally
occurring chemical species within the mine water) 
needs to be established

After Bourne et al. 2014



Mine Water Rebound in the Ruhr District
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• Industrial hard coal mining in Germany ceased after 
200 yrs at the end of 2018.

• Reduction of mine dewatering stations and keep river
Emscher free of mine water discharge is pursued ‐
approx. 65 Million m3 per year.

RAG, 
2017

RAG, 2021

DMT, 2019



Current mine water situation

• mine water levels (03/2023):
LO  ‐1000m NHN
ZV ‐950m NHN 
AM ‐900m NHN
CO ‐750m NHN
WA  ‐750m NHN
HA ‐830m NHN 
CG ‐680m NHN
HN ‐475m NHN
FN ‐150m NHN
RM ‐445m NHN

• focus on mine water flow
from central part to
Lohberg to discharge into
the Rhine river (in 2030)



Evaporites:
Zechstein

Evaporites:
Upper Bunter

Munsterland Basin

Rhenish Massif

50 km

Hydrogeological system understanding
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Hydrogeological system understanding – overburden strata

Ruhr District
Mining area ?

?

Rhenish Massif



Hydrogeology: Cross section
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after
Hahne & Schmidt (1982)

• Two saline aquifers
• Upper Carboniferous formation water
• Upper Cretaceous – regional CenomanianTuronian aquifer

• Two aquifers with sulfide oxidation (ARD)
• Upper Carboniferous mine water
• Upper Cretaceous Emscher Formation („Emscher Marl“)



Hard coal mining relatedmine water in 
Europe – hydrogeochemsitry

• Gombert et 
al. 2017/2019 

• Boron (B)!
• No bromide
(Br)

• No lithium
(Li)

• Samples: 
600‐800 101000



Mine water composition : Schoeller plots

• major cations and
anions are not good
distinguishing
criteria

• deeper mine water
– no sulfate

• bicarbonate
buffered (pH 6.5‐
7.5), but no
carbonates EC Cl HCO3 SO4 Ca K Mg Na



Univariate natural tracer evaluation

• 2H/18O
• 87Sr/86Sr
• Cl‐/Br‐ [mg/mg]
• Na+/Cl‐ [mol/mol]
• Li+/Na+[mg/mg]

2H/18O 87Sr/86Sr

Na+/Cl‐ Cl‐/Br‐ Li+/Na+



Mine water provinces
New water isotope data (2020‐2023)

• recent water
isotope data
reveal
water‐rock 
interaction
and
evaporation
pathways



Tracer I: Chloride vs. Bromide

• Bromide as a natural tracer
enables to distinguish mine
waters from regional aquifers
incl. formation waters of
„Emscher‐Formation“ 
resembling mine waters and the
saline aquifer „Cenomanian‐
Turonian“ !

• x<450
Emscher Fm. (kro)
1450<x<450 
mine waters (c)
x>1450
Cenomanian‐Turonian (kro) 



Univariate lithium tracer

• High R2

correlation
coefficient for
mine water

• influence from
Zechstein and
Cretaceous
overburden



• Li natural
tracer reveals
high sensitivity
using
highres axial 
ICP‐OES setup

Univariate lithium tracer: zoom‐in



• 87Sr/86Sr 
isotope data
fromwater
provinces
during time 
interval
2020‐2022

Strontium isotopes 87Sr/86Sr –
new highRes data



Mine water provinces
Inorganic‐organic exchange: DIC

• 13C ‐DIC vs. 18O‐
H2O (2020‐2023)

• stable 13C ‐DIC 
signal within the
water provinces

• Good spread of
13C ‐DIC from
‐7 ‰ to ‐24.5 ‰



Multivariate analysis

• Dataset: 
13 variables, 5 PCs

• 166 samples

1 2 3 4



Multivariate analysis: Bi‐Plot

• PCs of Li, B, 
Cl/Br and
2H/18O are
spread over
many sectors

Residuals



Cluster analysis: dendrogram

• on the basis of PCA 
results –Ward method



Conclusions

• Natural tracers spanning over trace element cations and anions including stable
isotopes have been presented which have the potential to distinguish and
fingerprint mine water and formation waters/aquifers in the overburden section
during rebound

• It is inevitable that this natural tracer mix can identify mine water and ist flow path; 
there is even a potential to distinguish certain mine water bodies, i.e. mine water
from specific mine water provinces

• the multivariate analysis confirmed that the natural tracers which have been
evaluated capture enough variance to identify mine waters

• Classification methods(Clustering) on the basis of the PC 2‐5 indicated a fair 
grouping of similar mine water samples throughout a data matrix of n=166 
spanning over the entire Ruhr District

• Next step: 
extending the data matrix and include the promising natural tracers of
strontium isotopes, carbon isotopes of DIC and newwater isotopes!!!!
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