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The fundamental concept in temagraphic imaging is that of the projection. Energy is
radiatad through the ahject being studied, it interacts with the material, and is received
and measured after passing through it. Spatial variations in the physical properties of the
interior result in comespanding variations in the characteristics of the energy recaived; in
other words, the measurements constitute a projection of the intemal structure. Thus,
seismic imaging produces the raster image of the internal structure by combining
information from a sat of projections obtained at different viewing angles. Electrical
resistivity tormography {ERT), on the other hand, is a method for determining the
electrical resistivity distribution in & volume from discrete measurements of curment and

voltage marcle within the volume or an ils surface.

Ranigan) Coalfield is one of the largest coalfield in India exploited continuously
for over 200 years. The coal workings sufferad numerous cave-ing, inundation and even
mine fires, because of lack of adeguale safety measures in areas pepperad with
unknown, unstable and abandoned colkery workings. The full sequence of the Raniganj
Formalion covers 10 regionally correlatable coal-seams having the nomenclature R-l to
R-X, with local names. The three test siles North Searsole, Bansra and Dhandadih
collieries are located in the centre of the Raniganj Coalfield soms 200km northwest of
Calcutia. The working coal seams of thage three sitas are Kenda bottom (R-V), Purandip
bottom (R-VIl) and Jambad top (R-VIIl) respectively. North Searsole and Bansra have
dry and approachable underground workings while Dhandadih is wateriogged and
uncharted,

Shear-wave Seigmic Tomegraphy (SWST) data are recorded with the help of a
shear-wave-generaling hammer system [downhole source}, a 2-componant geophone
{downhola raceiver) with a natural frequency of 40 Hz and & 24-channel BISON
seismograph. In the case of surface-to-barehole configuration, the surface source is a
5kg sledge hammer struck on a steel plate. The sample interval was set at 0.1 ms for the
broad frequency band of 30-250 Hz. For crosswell geometry, sources and receivers are
placed in two different boreholes at depths depending upon the respective target coal
searn depth, For sufaceto-horehole gaometry, both the surface shets and borehole

receivers are placed at 4m interval,

The equipment used for the electrical resistivity tomographic survey is a Scientrex
PC-7-50 transmitting unit with a 2.5 K\VA generator and 2 Scientrex RDC-8 receiver. The
current electrodes are galvanized iron {on-surface) and copper bars (in-hole). Potendial

~electrodes on-surface along a line consisted of porous pots with the copper electrode in
contact with the copper sulphate sclution. For crosswell surveys, pt}-teniial electrodes
combinad two spring-loaded copper electrodes in good contact with the borehola wall. A
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pole-dipole amay is used. For the surface-downhole configuration, the potential

clectrades ara separated by 3m and the measurement are taken at every metra,

In the Raniganj Coalfisid about 42 areas have been idenfified requinng
stabilization. Some surface gecphysical methods have already been applied for [ocating
the underground workings, but most of them have failed due to the geophysical
constraints posed hy the surface weathered ayer. Shear wave seismic and Electrical
resistivity tomography - the two sophisticated subsurface gaophysical tools are applied
here for the purpase, Our tomagraphic applications centre around 1hese test sites for the

detection of mining hazards.
The present investigation attempts the followings:

» Shearwave ssismic and resistivily tomeographic data acquisiton at Raniganj

Coalfield.

= A conhigurative resolution test peformed to estab!is.h the necessity of a combined
interpretation of the three source-receiver configurations in seismic transmission
tomography.

» The algorithms based on Simultanaous lterative Reconstruction Technique (SIRT)
and Simulated Evolution (both GA and EP) dewvelaped for seismic transmission
tamagraphy in 20 and tested on a variely of numarical models and the real field
settings at the Raniganj Caalfield, West Bengal, India.

« A 3D seismic transmission tomographic interpretation of the colliery data.

» 2D electrical resistivity tomography using Genefic Aigorithm; validation through
numencal examples and applications in the detection of mining hazards (voids /

galleries i the coal seam).

« 3D resistivity tomography using Conjugate Gradient method and development of the
quasi-30 subsurface madels for the identification of galleriss in the coal seams in the

Raniganj Coalfie!d.

« Comparison and combined analysis of the seismic and ERT raster images for the
minimization of inherent ambiguity and hence enhanced resclution of the detected

abandoned galleries in the coal seams.

The tomographic interpretation methods namely SIRT, ART and CGT are calculus-based
enumerative techniques wharein the subsurface region between the boreholes is
decomposed inte a number of tiny constant velocity cells, The inversion is actually
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performed on the time derivative matrix. But these methods fail to resalve discontinuities

in the velocity/slowness distribution most of the times.

Conventional ray-lracing techniques and inversion algonthms encounter many

difficulties when applied to tomographic analysis, for example.

), head waves are not generally included,
i) & single raypathis usually assumed for each source-receiver pair,
i}  large computation time is required for many source-receiver pairs,

and iv) itis difficult to find a raypath in 3 complicated velocity distribution,

To avercome these problems a ray-fracing algorithm is used based on the recipracity
principle and dynamic pregramming approach. This robust forward calculation routing is
used in the implementation of seismic transmission tomographic applications in ihe

prasent investigation.

Since the optimal solution starting with even paor initial models is aimed at, the
giobal ophimization and search techniques fike simulated evolution, can be applied in the
implementation of our tomographic farmulation. Campared to traditional mathods such
as analytical and enumerative strategies, the simulated evolution is robust, global and
generally more straight forward to apply. Natural evolution is & population-based
optimization process, Simulating this process on a computer resufts in the stochastic
optimization technigues that can often autperform classical methods of optimization
when applied to difficult real-word problems like imaging the complex subsurface
structure of the earh., Genetic algorithms, evolution strategies and evalufionary
programming are the main avenues of research in the simulated evolution. Genetic
algorithms siress chromosomal operators. Evolution sirateqgies emphasize behavioral
changes at the leve!l of the individual while evolutionary programming stresses
behavioral changes at the leve! of the speciss. In the present work both GA and EP
schemes are implementad to tackle the tomeographic sclutions in both seismic and
resistivity imaging of the subsurface. A new genetic operator called ‘Region-growing
mutation' is uvsed to speed up the search process.

The 3D seismic tomography software is downlpaded from the Public domain of
US Bureau of Mines and it works on the principles of Network theory and Ray Bending
while the inversion is done using SIRT. A quasi-3D velocity image is developed from the
2D sections evolved from GA algorithin and interpolation by Kriging for bettar
representation of the subsurface model in 30.

In the recent past, substantial advancement have been made in the numerical
modeliing of the elactrical response of geclogical structures. Recently, Zhang et al.
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{19253 have introduced a rapid resistivity forward modelling and inversion algonthm
based on conjugate gradient in 3D. We used this software for the ERT imaging of the
subsurface lithostratigraphy.

The Genstic Algorithm routine used in seismic tomography is meodified and
adopted for the slectrical resistivity tormographic reconstruction in 20 and we referred to
it as ERTGA in this thesis. For ERTGA algorithm the forward problem is solved by
Zhang's algorithm of conjugate gradient.

All the algerithms viz., 20 SIRT, 30 SIRT, 20 GA in Seismic and 3D ERT and 2D
ERTGA in geoelactics are rigorcusly tested on numerical models for judging their

gHrcacy.

Bince we aimed at analyzing and interpreting the colliery data, an altempt is
made to apply the above proposed algorithms in solving environmental, geotechnical
and civii engineering problems from shear wave seismic tomography {(SWST) and
alectrical resistivity tomography (ERT) data. The residual traveltima and transfer
resistance suffaces are gensrated as raster images to analyze the quality of the data
recorded in tha field, In these raster displays each pixel corresponds {0 ohe source-
receiver pair. This way the residual traveltime and transfer resisfance surfaces are
generated for all the collieries for different crosshele combination. All the coiliery data are
tested for their quality, preliminary 10 model generation, seismo-electic model
ganaration and the construction of final velocity and resistivity raster images depicting
the coal seams with or without voids in thase. The velocily and the resistivity bounds are
discretely coded in 8-bit using 0-255 integer codes, Proper book keeping is done to store
the real values pointing 10 a code in the memory while executing the programs. The
model region in 2D and 3D are discretized into finer mesh and the raster images in most

of the cases are displayed in 512 x 512 pixals.

The tomograms and the stacked 3D images reconstructed by 20 SIRT, 3D SIRT,
2D GA, 30 ERT and 2D ERTGA algorithms show the lateral shear / F-wave velocity and
resistivity variations at different depths at Narth Searsole, Bansra and Dhandadih
collferies. While seismic tomagraphy could depict the dry voids in the coal seam at Narth
Searsole and Bansra, the resislivity tomography failed dug to infinitesimal resistivity
contrast between the void and the coal seam bed, At Dhandadih, however, the galleries
being water logged, both seismic and resislivity tomography could image the voids
successfully. Generally, in all the cases, the coal seams are hetter delineated by
electrical resistivity tomography than the seismic tomography. Theraforg, using tha
sppropriate measuremeant and processing tools under favourable circumstances both the
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seismic transmission and elecirical resistivity lomography are the viahle and powerful
methods for sciving shallow subsurface exploration and manitoring problems. The

present investigation is an attempt in that direction.
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