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Extended Abstract

Abandoned mine pools (AMPs) result from groundwater rebounding after closure
of mines that are partially or completely below groundwater tables or under
potentiometric pressure. They can encompass hundreds of square kilometers
in extensively mined regions and are potential sources for underground water
reservoirs, heat pump solutions for building heating and cooling (Banks et al. 2017),
and threats to human health and the environment (U. S. Environmental Protection
Agency 2017). Abandoned mine pools are physically and hydraulically different from
“typical” aquifers. Groundwater dynamics and geochemical evolution follow unique
rules, and analyses using traditional methods present challenges. Because of the size
and man-made connectivity of mined voids, the AMPs’ behavior has little in common
with the Darcian laminar-flow aquifers which account for most aquifers in traditional
textbooks. However, under certain circumstances, AMPs display marked behavioral
similarities to well-developed karst aquifers with multiple sizes of porosity such as
caves, conduits, fractures, and intergranular pores, although they can be distinguished
from these natural relatives by the geometries of voids and the lateral scale of inter-
connections (Younger and Adams 1999).

The experience and lessons learnt from several case studies involving both
abandoned mine pools and karst systems demonstrate that the appropriate site
characterization and mitigation methods used in large-scale karst investigations
can be adapted to mine pools with some modifications. The specific methods used,
and type of data collected for a particular mine pool depend on the development of
a representative conceptual site model. Fig. 1 presents a schematic conceptual site
model that includes the recharge sources, mine workings, and pathways from recharge
through the AMPs to receptors by integrating three attributes: hydrogeological,
geochemical & biological, and geotechnical attributes. Techniques and tools
commonly used in karst investigations such as high-resolution geophysical survey,
isotopic fingerprinting, microbiological analysis, conduit-flow modeling, and tracer
testing are applicable to understanding these attributes and evaluating the feasibility
of its beneficial uses, hazard to the public, risk to human health and the environment,
and remedies to mitigate any unacceptable risks.

Unlike karst systems that evolve over a geological time, the abandoned mine
pools include caves and fractures that are induced from mining in a relatively short
period of time, and these voids are back filled quickly with groundwater rebounding
in response to mine closures. Furthermore, the groundwater rebounding can damage
coal barriers that were left from mining and resulted in hydraulic connections
between adjacent abandoned mine pools, forming larger mine pools. Therefore,
abandoned mine pools are very dynamic during rebounding processes. From a safety
perspective, abandoned mine pools can be associated with ground subsidence or be
potential sources of water inrushes for adjacent but deeper active mining. If water of
poor-quality discharges from the abandoned mine pools as springs to surface rivers,
hydraulic control measures are often effective to prevent the interaction with surface
water. After groundwater in the abandoned mine pools reaches equilibrium with
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the surrounding water systems, the mine pools functions like an underground river
or cave. Depending on characteristics of the three attributes, the water quality in the
AMPs may improve over time, which is a prerequisite for many beneficial uses.

Keywords: Conceptual site model, abandoned mine pool, geohazard, beneficial use

U. S. Environmental Protection Agency (2017)
Planning for Response Actions at Abandoned
Mines with Underground Workings: Best Practices
for Preventing Sudden, Uncontrolled Fluid Mining
Waste Releases. OLEM 9200.3-118, July

Younger PL and R Adams (1999) Predicting Mine
Water Rebound, R&D Technical Report W179,
Environment Agency R&D Dissemination
Centre, Swindon, United Kingdom

References

Banks D, A Athresh, A Al-Habaibeh, N Burnside
(2017) Water from abandoned mines as a
heat source: practical experiences of open-
and closed-loop strategies, United Kingdom,
Sustain. Water Resour. Manag., doi: 10.1007/
540899-017-0094-7

‘Well for Beneficial Use (Extraction Well for
‘Water/Thermal Resource or Monitoring Well)

Surface drainage

Mining Induced
Fracture

Groundwater

Tab)

Hydrogeological Attribute

Inflow Rate or Pumping Rate

Groundwater Level Elevation

Time after Mine Closare

Hydrogeological conditions prior to mine
closure such as water sources and
pathways to mine during active
dewatering
Extent and void sizes of mine workings,
such as shafts, adits, drifts, crosscuts,
pump station, haulage routes, air vents,
and ventilation tunnels
Groundwater flow dynamics through mine
voids, faults, joint fractures, mining
induced fractures
Characteristics of coal barriers and

or lithol

units

Records on dewatering volumes and
groundwater level monitoring
Groundwater flow directions and rate
Groundwater recharge zones
Interactions between groundwater and
surface water

Geochemical & Biological Attribute

mm
Ve

Time afer Mine Closare
Contributors to pool water acidification, suchas
mine working openings at the surface that serve
or could potentially serve as pooling water inflow
or outflow locations, as well as air inflow
locations

Potential receptors of pool water after mine
closure

Geochemical and biological data in source water
Geochemical characteristics contributing to water
quality of water pools

High sulfide areas, ore piles, chemically oxidized
zones, or exposed mineralized material

Factors affecting fate and transport of chemicals
in mine void

Pool water residence time as determined with
isotopic analysis and tracer tests

Anticipated effects of pool water chemistry on

d receptors for analysis
Existence of pool water containment and
treatment systems such as run-on/runoff control,
ponds and water treatment plants

Chemical and physical characteristics of natural
water upgradient of pool water

Geotechnical Attribute

Types and conditions of support structures
such as concrete, timbering, steel beams,
pinning, bolts

Known or suspected mine workings
interconnections between mines

Presence of faults, joints, folding or other
geologic features that could affect mine
stability

Thickness and integrity of overburden
overlying the mine workings

Types, strengths, and competency of
bedrock and other strata

Location, composition, and dimensions of
known or suspected flow blockages, and
the forces acting on the blockages
Subsidence and slope collapses as surface
expressions of underground workings
Physical, mechanical, and seismic
properties for naturally occurring slope
failure or mining induced failure

Figure 1 Schematic conceptual site model of an AMP
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