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Environmental problems typically occurring in abandoned mine lands (AML) include: contaminated and acidic surface
water and groundwater; stockpiled waste rock and mill tailings; and ground subsidences due to mining operations. This study
examines the effectiveness of various geophysical techniques for mapping potential hazard and contaminated zones. Four
AML sites with sedimentation contamination problems, acid mine drainage (AMD) channels, ground subsidence, manmade
liner leakage, and buried mine tailings, were selected to examine the applicability of various geophysical methods to the iden-
tification of the different types of mine hazards. Geophysical results were correlated to borehole data (core samples, well logs,
tomographic profiles, etc.) and water sample data (pH, electrical conductivity (EC), and heavy metal contents). Zones of low
electrical resistivity (ER) corresponded to areas contaminated by heavy metals, especially contamination by Cu, Pb, and Zn.
The main pathways of AMD leachate were successfully mapped using ER methods (low anomaly peaks), self-potential (SP)
curves (negative peaks), and ground penetrating radar (GPR) at shallow penetration depths. Mine cavities were well located
based on composite interpretations of ER, seismic tomography, and well-log records; mine cavity locations were also observed
in drill core data and using borehole image processing systems (BIPS). Damaged zones in buried manmade liners (used to
block descending leachate) were precisely detected by ER mapping, and buried rock waste and tailings piles were character-
ized by low-velocity zones in seismic refraction data and high-resistivity zones in the ER data.
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Table 1. Application of geophysical methods to the mapping of hazard zones in abandoned mine lands (AML) (modified

from Kim and Jo, 2006).

Types

Observations and causes

Mapping targets

Physical property
contrast

Main geophysical meth-
ods (the related fields)

Contaminations of water
and soil

-Stream, soil and farm-
land contaminated by
AMD and heavy metal
ions

-Contaminated soil

-Contaminated water

-Flow path of AMD and
sewage

-Buried discharge pipes

-High electrical conduc-
tivity in contaminated
area due to high con-
tents of metal ions

-High electrodynamic
potential due to elec-
trolyte flow through in
the pores

-Electrical resistivity
-Small loop EM

-SP

-GPR (remote sensing,
geochemistry, ore
deposits, hydrogeol-
ogy)

Landfill mapping of
dump and tailings

-Water and soil contam-
inated by the leachate
of mine tailings and
waste rocks

-Subsurface mapping of
disposed rock waste

-Distribution of rock
waste

-Sources of soil and
water contamination

-Horizontal and vertical
scopes contaminated
by sewage and leakage
water

-Density and velocity
contrasts between land-
fill and surroundings

-Diffractions from small
size of waste rock

-High electrical conduc-
tivity in pyrite

-Seismic refraction

-Seismic tomography

-Electrical resistivity

-Small loop EM

-GPR

-IP

-Magnetic (geochemis-
try, hydrogeology, ore
deposits)

Ground subsidence

-Mine cavity and gallery
collapsed by dissolu-
tion of carbonate and
soil removal

-operation risk involved
by fault and fracture
zone near the interca-
lated coal bed

-The existence and
extent of mine cavity
and gallery

-Type of filling and its
existence

-Physical property of
subsurface media

-Fault, fracture and weak
zone

-Construction effects
after ground reinforce-
ment

-Contrasts of density and
velocity between cavity
and surroundings

-Diffractions from small
size of waste rocks

-Contrasts of electrical
conductivity and per-
mitivity due to ground
water and clay inflow
through fault and frac-
ture zone

-Microgravity

-GPR

-Seismic tomography

-High resolution seismic
reflection

-Electrical resistivity

-Electrical resistivity
tomography (engineer-
ing geology, mine engi-
neering)
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hazard estimation contamination

Fig. 1. Work flowchart for the integration and interpretation of drill core, geophysical, and geochemical data.
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Table 2. Geophysical methods for investigating hazards and contaminated zones in the abandoned mine lands (AML)
selected for this study.

Geophysical .. Investigation
Hazard types Area methods Auxiliary data {argets
Contaminated soil A |Blectrical resistivity SPT soil sample§ (heavy Examlnlpg the contamme.lted soil with
metal concentration) geophysics and geochemistry data
AMD channel B Electrical resistivity, SP, GPR Examining leachate path by composite

interpretation of various geophysics data

Mine cavities Electrical resistivity, |Density and natural gamma | Detecting the cavities through composite

(eround subsidence) C  |Seismic tomography, |logging, drill core interpretation of geophysics, well logging,
BIPS and core data

. Seismic refraction, Water samples Detecting the damaged segment of man-

Manmade liner and D  |Electrical resistivity |(Eh, pH) made liner and delineating the zone of tail-

tailings zone .
= ings and waste rocks

_LPLO} T2} B oA, A7 18R 3RbE S} S A Table 3. The N values from the SPT.

o) A0l pHel BC ARE ) sldstan o Fil Colluvium
No

(Table 2). (N value) (N value)
1 16/30 16/30~50/3

Egkooiojod EFX'(A X|°1) 2 8/30 8/30~50/19
3 8/30 7/30~8/30
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je
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Fig. 2. (a) Anomaly map showing contents of heavy metals (Cu, Pb and Zn) and (b) depth slices (0 m, 2.5 m, 5 m) of
electrical resistivity. The closed solid line represents the position of a highly contaminated area. Zones of high metal
contents correspond to areas of low peaks in electrical resistivity (ER).
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Fig. 3. (a) Resistivity fence diagram showing AMD paths,
(b) SP anomalies with negative peaks, and (c¢) GPR
section. Contaminated zones with AMD leakage are
characterized by low electrical resistivity (ER), negative
SP anomaly peaks, and blurred GPR images (partly
modified from Kim et al., 2003a).
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Fig. 4. (a) Well-log data (left: natural gamma, right: bulk
density) and (b) seismic tomography profile. The mine
cavities represented by ellipses in (a) correspond to low
velocity zones (A, B) in (b).
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