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INTRODUCTION

There is pressing need for better means of exploning
ground conditions ahead of mining and tunnelling.
Exploration drilling suffars from the drawbacks of high cost
and a seriously restricted sampling zone. Traditional
geophysical exploration methods including gravity, magnetic,
resistivity, induced-polarisation, and inductive
electromagnetic technigues have been used with some
success underground, but all suffer from poor target
resclution relative to range, since they depend upon the
minar distortions of a potential force field,

Much greater ratios of resolution to range can, in
principle, be obtained by employing radiation as the exploring
agent. This is because propagation time delays can be used
to measure range accurately and to separate the small effect
of a distant target from the much larger effects of nearer
targets and of the transmitter. There ara only four types of
radiation capable of substantial penetraticn through rock .
neutrinas, hard cosmic rays, seismic waves, and
electromagnetic waves. The first two are notl easily
contralled and a technology for their application to
exploration has notyet been developed. Seismic waves hava
long been used with great success in exploration for
petroleum, but the development of underground seismic
mathods is in its infancy. Electromagnetic (radar) waves have
been very successfully used for detection and location
through the air and outer space, and have also explored
through polar icecaps more than a mile thick. Unfortunately,
the bodies of water and the soil mantle covering meost of
the earth are essentially radar-opague because of their high
electrical conductivity. It is generally not realised that below
the sail many rocks are somewhat radar-transparent and

that electromagnetic waves can be used for exploring such
rocks, once a quarry, 8 ming, a borehole, or other maans
of access has been opened.

Electromagnetic waves are réflected by any boundary
or object where they encounter a pronounced change in
electrical properties, In rocks, the usual cause of such a
change is a difference in moisture content. Hence, radar
waves passing through tight dry country rock are reflected
by a fault filled with gouge clay or with wet broken rock.

Due to these advantages, Ground Penetrating Radar
(Geo-radar) based on electromagnetic waves propagation
is used for hydro-geclogical study of Bicholime mine, Goa.

METHODOLOGY

Reflection technigue, the most common method of
Geo-radar survey has been applied for the hydro-geclogical
study in the Bicholime mining area. The study has been
canducted to scan the subsurface areas between the open
pits and surrounding villages and Mayemn lake. Different
secticns have been scanned. The scan sections have been
interpreted for the ocourrence of various strata by utilising
the borehole data and sections along the lines supplied by
the Dempo Mining corporation Limited. The results have
been analysed to interpretate any hydro-geological
connection between the open pits and surrounding villages
and Mayem lake.

RESULTS AND DISCUSSIONS

Ground Penetrating Radar survey has been carried out
along 1 Top and 2 Top in Bicholime Mine during January,
1588 for Hydro-Geological study of the mining area. A total
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of eight sections (A— A1 to H-H1) have been covered around
the 1Top Pit (Sec. A-A1 to E-E1) & 2 Top Pit (Sec. F-F1 to
H-H1). Survey sites are marked on the plan as shown in
Fig.1.

In 1Top, GPR survey has been carried out along section
A-A1. Radar signatures for subsurface features along
section A=Al is shown in Fig. 2.1. Most of the places solid
layers (dark black line) are existing upto the depths of 10m-
13m. After correlating with borehole sections (supplied by
Dempo Mines), these layers are indicating Laterites At
some places Laterites layers are extending from surface to
about 22 metres at positions ; 0=10m, 90m-125m and
150m-170m respectively. Water saturated Zones in clay
layers are present at surface positions , 15m-20m, G0rm—
80m. 125m-140m, 170m=228m respectively. Clay layers
are existing at position 25m-55m starting from the depth
8m to 22m.

Another survey has been carried out along section B-
B1in 1Top, Hanging wall side, near tailing pond. In this case,
solid layers are present from surface to the depth of 22m
and from surface positions 60m to 215m; 15-20m and 30~
40m respectively. Clay layers are existing at surface
positions; 0=10m, 20m-30m and 40m—E60m respectively and
the depth varying from 12m~-22m. Solid layers are observed
as Laterite layer after correlating with borehole seclions
These Radar signatures are shown in Fig. 2.2,

Again survey was continued along the Section C-C1
in 1 Top, Foot wall side, towards Mayem lake. In this area,
solid layers are present from suiface to the depth varying
10=17m. Most of the places clay layers are dominating at
the depths varying from 10m-22m. Surface positions for
clay are cbserved at; 0 —12m; 20m-24m; 32m-36m; 48m-
56m: B80m-84m; 92m-108m; 120m-144m; 148m-168m;
and 180m-198m respectively. Water bearing zones in clay
layers are existing at positions, 60m-76m; 108m-120m;
144m—-148m and 168m-172m respectively. Radar
signatures for this section is shown in Fig. 2.3.

GPR survey was continued for another Section D-D1
along 1 Top, Foot wall side, towards Mayem lake. Solid layers
are existing upto the depths of 10m—12m. These layers are
found Laterite layer when correlation is established with
barehole data. Most of the places clay layers are existing
at depths varying 10m to 22m except at surface positions
Bm-16m, where water boaring strata are dominating. Radar
signatures for subsurface features along section D-D1 is
shown in Fig. 2.4.

At last GPR survey is continued in 1 Top, Foot wall
side, towards Mayem lake along the Section E-E1. In this
area, Solid layers are existing upto the depth varying from
11m 1o 15m. Clay layers are found at surface positions; 0=
10m: 47m=55m; 77m-85m; 90m-108m and 123m-140m
respectively. Water containing strata are present at surface
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Fig. 2.1 : Geo-Radar signatures along =ection A — A, (1 Top. Hanging wall side)
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Fig. 2.2 : Geo-Radar signatures along section B - B, {1 Top, Hanging wall side, Near tailing pond)
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Fig. 2.3 : Geo-Radar signatures along section C - C, [1 Top, Foot wall side, Towards hayem lake)
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Fig. 2.6 : Geo-Radar signatures along section E — E,
{1 Top. Foot wall side, Towards Mayem lake]
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Fig. 2.4 : Geo-Radar signatures along section O = D,
[1Top, Foot wall side, Towards Mayemn lake)
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Fig. 2.6 : Geo-Radar signatures along section F - F, (2 Top, Near NSF and Stock yard)
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Fig. 2.7 : Geo-Radar signatures along section G - G, {2 Top, Hanging wall sidel
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Fig. 2.8 : Geo-Radar signatures along section H - H, (2 Top, Hanging wall side, Mear Lamgaon Village)
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positions 10m=47m; 55m-77m; 108m-123m and 140m-
149m respectively, Surface solid layers are found Laterite
after correlating with borehole data. Radar signatures for
this area are shown in Fig. 2.5,

Mow GPR survey has been carried out along Section
F-F1 in 2 Top, near NSP and Stock yard, Solid layers are
present upto the depths of 10m to 14m from the surface.
Thesa layers are representing Laterite layers after correlating
with horehole data. Most of the places clay layers are
present at the depths varying from 12m 1o 22m eccepl some
places where water saturated zenes are found as shown
in Fig. 2.86. Water saturated zones in clay fayers are at
positions; 170m-=-130m; 105m=-110m; 75m-80m and 20m-
40m respectively.

GPR survey was continued along Section G-G1 in 2
Top, Hanging wall side, Radar signatures are shown in Fig.
2.7, Inthis area, Solid layers are present at the depths varying
from 11m to 15m from the surface except at one place
where solid layers are extending from surface to 22m in
dapth at surface position; 40m to S0m. Most of the places
clay layers are found at the depths varying from 11m to
22m. Solid layers are also found Laterite as correlated with
borehole data supplied by Dempo Mining.

At last GPR survey is continued along Section H-H1
in 2 Top, Hanging wall side, near Lamgaon Village. Radar
signatures for this area is shown in Fig. 2.8, Most of the
places, Solid layers are also found at the depth of 11m except
at the surface position from 0-145m where solid layers are
present upto the depth of 22m from the surface. Water
bearing strata are present at the surface positions; 170m-
320m and from depth varying froem 11m to 22m. Clay layers
are found at surface positions; 320m-400m and 425m-
587m respactively upto the depth of 22m from the depth
of 11m. In this area, surface layers (solid layers) are also
found as Laterites when correlatad with borehole data

CONCLUSION

After conducting GPR survey in Bichalime mine, Goa,
it may be concluded as follows

1. Laterite layers are existing there form surface 1o depths
varying from 10m to 14m.

2. Mast of the places clay layers are present there at
depths varying from 10m to 22m.

3. Al some places water bearing stratas are dominating
at depths varying 12m to 22m, which may be due to
occurrence of perched water table; and

4, Since the clay layers are impervious, mining and
denwatering in the lease hold areas may not effect the
surroundings hydrolocical regime.
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