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3.0 DEVELOPMENT OF GEOPHYSICAL METHODS
WITH SPECIAL EMPHASIS ON 3D SEISMIC
METHODOLOGY FOR SITE CHARACTERIZATION
OF GEOLOGICAL FORMATIONS AT SHALLOW
DEPTHS FOR MINERAL, ENGINEERING AND
ARCHAEOLOGICAL PROJECTS

Procurement of 3-D seismic equipment and
training

With a new focus on 3-D seismic imaging studies in the
Gondwana sedimentary basins in and around Godavari
coalfields, Bikaner and Barmer Tertiary lignite fields in
Rajasthan, NGRI now gains expertise in acquisition,
processing and interpretation of 3-D seismic data for coal
exploration in the near-surface geological environments. In
this regard, specifications for new 3-D seismic equipment and
its accessories have been designed and the procurement
process has been initiated. The hardware and software
components of the survey units would be acquired in near
future. The research personnel to be associated with these
projects have been trained for deployment of survey
equipments, acquisition of good quality seismic data,
processing and 3-D visualization of the seismic data. With
these new developments, ability of seismic exploration of coal
deposits would grow several folds. The SCCL and Department
of Petroleum, Government of Rajasthan would be the
collaborating agencies. Also, it has been proposed to model
the 2-D seismic sections obtained from Shahdol and Durgapur
areas in to new pseudo 3D seismic sections for better
visualization of subsurface geological structures.

3.1 HIGH-RESOLUTION SEISMIC SURVEY IN THE
RANIGANJ COALFIELD NEAR DURGAPUR

For exploration of new coal and methane gas bearing
structures in the Raniganj coalfield, high-resolution seismic
survey was carried out near Durgapur, West Bengal, for a
length of 30 km. Seismic data processing lead to seismic time/
depth sections up to a depth of 1000 m, and they revealed
several strong near-horizontal to dipping reflectors pertaining
to coal bearing sedimentary rock beds with a thickness of 5-
10 meters in a depth range of 500-800 m. An example of
seismic section is shown in Fig. 3.1, and that shows the
configuration of a rift-controlled basin structure, in which strong
reflections from coal beds can be seen. The seismic sections
are found to have good correlation with borehole
geologic/geophysical data.

3.1.1 Gravity and magnetic studies for iron ore
exploration in the Sandur schist belt

For exploration of iron ore deposits, high-resolution gravity
and magnetic surveys were carried out in an area of 4 km by
1 km, near Muraripur Village, Sandur Taluk, Bellary District,
Karnataka. Geologically, the lease area belongs to central
part of Sandur Schist Belt, which is one of the largest late
Achaean schist or greenstone belts of the Dharwar craton.
The gravity surveys were carried out along 34 profiles with a
total of 2448 measurements; the magnetic surveys were
conducted along 41 profiles with a total of 2646
measurements. The profile interval was 100 m and station
intervals were 20 m and 10 m, respectively, for gravity and
magnetic field measurements. The geophysical data have
been processed using computer softwares such as Oasis
Montaj and GM-SYS. The Bouger gravity map has shown a
prominent linear anomaly in the southeastern part of the study
area and it is related to an exposed 35-50 m wide and ~100
m long banded iron formation. In contrast, the northwestern
part is characterized by a low gravity anomaly, reflecting the
occurrence of iron-poor quartz arenite formations. The
magnetic field intensity map also corroborates these findings.
However, the magnetic map has shown a few more anomalies
that can be related to fault-related hydrothermal and colluvial
iron ore deposits. To convert the model density values from
the residual gravity map, we establish a relationship between
the density and iron content of the samples collected from
the study area. Based on this laboratory study, we model iron
content of the ore bodies characterized by gravity studies.
The project was sponsored by Balaji Mines and Minerals.

Fig. 3.1: A 2-D Seismic reflection section across the Raniganj  coalfield
near Durgapur, West Bengal, showing a rift bound basin
structure.
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3.1.2 Regional magnetic survey for base metal
exploration near Ajmer in Rajasthan

For exploration of base metal deposits near Ajmer, regional
magnetic surveys along 6 profiles with corresponding length
of 20 km, 23 km, 21 km, 23 km, 15 km and 21 km, with station
interval of 50 m, have been carried out. The magnetic field
data were subjected to diurnal and secular variations in the
magnetic field. The final processed data are shown in the
form a magnetic anomaly map (Fig. 3.2) that shows a NW-
SE oriented irregular anomaly, probably related to base metal
occurrences. Radially averaged power spectrum reveals the
thickness of magnetic layer to be around 2 km.

3.2 HIGH RESOLUTION AIRBORNE GEOPHYSICAL
SURVEYS FOR OIL AND MINERAL EXPLORATION
AND DEVELOPMENT OF NEW INTER-
PRETATIONAL TECHNIQUES FOR AIRBORNE
GEOPHYSICAL DATA.

3.2.1 Versatile Time Domain Electromagnetic System
(VTEM)

NGRI has procured VTEM system for its mineral exploration
programmes. The state of the art heliborne VTEM system has
proved its efficacy in locating deeper conductive targets. It
can also be used in delineation of ground water regimes and
zones of brackish water intrusions into fresh water aquifers
and also in identifying structural elements in oil exploration.
VTEM is a High resolution Heliborne Time Domain
Electromagnetic system with concentric loop transmitter

Fig. 3.2   Regional magnetic anomaly map near Ajmer

receiver geometry (Fig.3.3). The system utilizes a coil as
receiver that measures the time derivative of the magnetic
(dB/dt) field. However, extremely good conductors have very
low dB/dt responses and are much better resolved by the
induced magnetic (B) field.  This system has the facility of
calculating B-field by integrating the measured dB/dt response.
Thus the B field is found useful in locating conductive targets
under conductive overburden with better resolution.

VTEM is expected to perform under different geological
terrains up to a depth of 800m and is more useful and aid to
scan the subsurface efficiently. VTEM system has a very large
transmitter loop of diameter 26m. The system operates at a
base frequency of 30Hz with dipole moment up to
625,000NIA.  The peak current that can be sent is up to 310
amperes. The VTEM  system  is capable of recording the
EM field data at 10Hz or approximately at a spacing of 2.5m.
Under favourable geological and terrain conditions, this
system is capable of probing up to a depth of 800m. (Fig.3.4)

Fig.3.3 VTEM system during the survey

(H.V.Ram Babu, Ch.Rama Rao, B.Vijay Gopal, R.Rajkumar,
M.PrasantiLakshmi, R.K.Kishore, N.Srikanth, M.A.Gaffar,
G.D.P.S.Sinha, G.Ramachandra Rao, D.Praveen,
V.Pradeep Kumar, B.Butchi Babu, Gayathri)

Fig.3.4 An example of VTEM data showing the measured (a) B-field and
(b) dB/dt
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3.3 PLATINUM GROUP ELEMENT GEOCHEMISTRY
OF BOGGULAKONDA GABBRO, EAST OF
CUDDAPAH BASIN, ANDHRA PRADESH (INDIA).

South central part of Indian eastern continental margin of
Bay of Bengal is an enigmatic, thrust stacked terrane
consisting of several diversifying lithologies structurally
identifiable as different crustal domains.  A bimodal plutonic
activity is uniquely seen in this belt, represented by
fractionated and unfractionated gabbroic rocks, and alkaline
to sub-alkaline felsic rocks.  As part of a major on-going
research programme to prognosticate the Platinum Group
Elements (PGE) potentialities of mafic and ultramafic rocks
in this belt, an attempt has been made to study in detail on
the petrography and geochemistry of Boggulakonda gabbroic
pluton (N15º 44' 04" E80º 00' 30") found at the northern end
(Fig.3.5 & 3.6).  It is an elongated body trending NNE-SSW
direction, having ‘Tadpole’ shaped surface expression
covering an area about 7 sq km.  Mostly the rocks are dark
coloured, coarse to medium grained with massive
appearance.  Petrographic studies reveal the dominance of
Cpx over Opx with phenocrysts of olivine and plagioclase
minerals without any major spatial variation (Fig.3.6).
Plagioclase in the rocks is unzoned, having bent, spindle
shaped and overlapped lamellae and corrugated crystal
boundaries.  Cloudy and turbid plagioclases are seen at
places.  Cumulates of Plagioclase crystals show albite,
carlsbad twins.  Lathes of plagioclase are the host sites for
some pyroxenes but less common.  Strained boundaries,
biotite replacement along the plagioclase crystal boundaries
and diallage partings of Opx, exsolution lamellae on
clinopyroxene and corona structures are common, indications
of sub-solidus reactions during the post magmatic stage
(Fig.3.7).

Eleven representative samples of Boggulakonda gabbro were
analysed for their major and trace constituents and five
samples for platinum group element geochemistry.  The
fractionation indices determined from the major chemistry
indicate that the rock samples possess a limited variation.
The Chondrite normalised REE data suggests that the
samples of gabbro are enriched in LREE and depleted in
HREE with pronounced positive Eu anomalies (Fig.3.8).
Positive Eu-anomalies are characteristic of many plagioclase
rich rocks.  The presence of +ve Eu-anomalies in all these
samples can be explained that the original parental magma
was enriched in plagioclase.  At least two types of REE
patterns are distinctly seen; one with elevated contents of
total REE with lesser degree of Eu-anomaly and in contrary
to this another with lower total REE having higher degree of
Eu-anomaly. The LILE enrichment and HFSE depletion of

Boggulakonda Gabbros are characteristic of subduction zone
environment. “PGE values are relatively less; however PPGE
enrichment relative to IPGE is evidenced (Fig.3.9).  Based
on the studies made, it can be explained that the parental
magma could have sulphur undersaturated and PGE contents
of the rocks are slightly higher than those of the primitive
mantle, leading to dissolution of sulfides and a mild increase
in PGEs, particularly PPGE when compared to IPGE. Overall
geochemical signatures associated with these rocks suggest
that the parent melts undergone fractionation.  This is the
first report of PGE data in the Prakasam Alkaline Province.
Further, the studies are under way to investigate the PGE
systems in relation to petrogenetic aspects of the evolution
of the Boggulakonda gabbroic rocks located in this part of
Indian continental margin(Fig 3.10).

Fig 3.5. Synoptic view and  topography of the Boggulakonda  pluton from
around 500 mts. distance.

Fig 3.6 Rolled out boulders of Boggulakonda Gabbro pluton
showingLayered phenomenon.
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Fig 3.7. (40X Magnification, X Nichols) Euhedral ilmenite/Magnetite
impregnated with phenocrysts of Cpx, Opx and plagiocalse with
lamellar and albite twins. Hornblende megacryst is also present in
the right hand corner.

Fig 3.8 Rare Earth Element Distribution patterns of Boggulakonda
Gabbroic rocks.

Fig 3.9. Trace Element Distribution Patterns of Boggulakonda Gabbroic rocks

Fig 3.10   Platinum Group Elemental Geochemistry of Boggulakonda
Gabbroic rocks.

(V.Balaram, K.S.V.Subramanyam, U.V.B. Reddy1)

1Department of Applied Geochemistry, Osmania University, Hyderabad

3.4 SOIL-GEOCHEMISTRY, RADIOMETRIC AND SOIL
GAS HELIUM STUDIES IN THE URANIUM
MINERALIZED ZONE OF TUMALLAPALLE,
CUDDAPAH BASIN, ANDHRA PRADESH

Soil geochemical and insitu radiometric studies were carried
out to estimate the uranium concentration and distribution in
the soil. Soil gas helium studies have been extensively used
by many workers as a pathfinder in the exploration for uranium
deposits as helium is produced by the radioactive decay of
uranium, thorium and their daughter isotopes. The
Tumallapalli area of the Mid Proterozoic Cuddapah basin
forms a part of the Papaghni group that comprises of the
Gulcheru quartzite, present as ridges overlying the Archaean
basement complex.

The Gulcheru quartzites are overlain by the Vempalle
Formations comprising of carbonate rock, dolomite, chert and
quartzite. Uranium mineralization occurs in the northerly
dipping Vempalle Formation. The strata bound uranium
mineralization extends intermittently through important
uranium prospects at Tumallapalli, Rachakuntapalli and
Gadankipalli. A soil gas helium profiles was laid in the uranium
mineralized zone of Tumallapalli area. Gamma-ray
spectrometric measurements were made by placing the
detector directly over the soil along the same profile. Along
the same profile soil samples were collected using an auger
technique for geochemical analyses. The soil gas helium
survey has been useful in delimiting the subsurface boundary
and the core of the uranium deposit. The geochemical surveys

R
oc

k/
P

rim
iti

ve
 U

pp
er

M
an

tle



Annual Report 2008 - 2009
57

MINERAL EXPLORATION AND ENGINEERING GEOPHYSICS

by different techniques have provided vital information about
the concentration and distribution of uranium within the
deposit. With the emergence of a subtle correlation between
the uranium highs of the radiometric survey with that of the
helium anomalies it appears evident, that an integration of
these different techniques, could probably aid in delineating
uranium rich zones, for optimum exploitation in the future to
come. (Fig 3.11)

Distance (mts)

Fig 3.11 Soil-gas Helium profile

(Rajeev Menon and P.V. Sunder Raju)

3.5 ELECTROMAGNETIC (EM) FIELD STUDIES FOR
DETECTION OF SHALLOW SUBSURFACE
CONDUCTING TARGETS.

Garividi, known for Manganese ore occurrence, has been
opted to carryout EM field studies using microprocessor
based EM modeling Instrument designed and developed  by
NGRI which has high degree of accuracy in measurement.
The highlight of the measuring system is that the receiver
and transmitter coils are parallel but non coplanar and the
receiver coil is positioned strategically in such a way that it is
not affected  by the primary field and senses only the
secondary field generated by the subsurface conducting
target. Amplitude, In Phase(IP) and Out-of-Phase (OP)
components of the anomalous field are measured. Field
studies are carried out with Dipole-Dipole setup. Fig 3.12
shows the characteristic responses over the conducting target
in Garividi area. The transmitter (Tx) and receiver (Rx)
separations are 1.5m and 2.8m and the frequencies selected
are 2KHz, 5KHz and 8KHz. It is found the depth of
investigation increases with Tx-Rx separation. The anomaly
peaks indicate the existence of the conducting targets. An
in-depth study of the newly developed system is being made
and it is further proposed to carry out the studies over strong,
medium and poor conducting targets so that the efficacy of
the system can be established.

Fig.3.12. EM profiles over conducting target in Garividi area

( V.S.Sarma, R.Rajesh, Ch.R.K.Sarma )

3.6 HVDC EARTH ELECTRODE SITE INVESTIGATION
NEAR SILIGURI

In continuation to the field work carried out last year to
delineate the electrical resistivity structure of a HVDC Earth
Electrode Site near Siliguri, shallow and deep electrical
resistivity data acquired by using multi-electrode DC resistivity
and MT, respectively, at two sites, one at Jalalgacch and the
other at Arabari has been processed. The sites are located
in the alluvial plain of Mahananda river, south of the
Himalayan foothills. The general soil type is recent alluvium-
Tarai soils with high micaceous content below which
sedimentary rocks exist up to a few km depths. Deep
resistivity investigations  revealed the presence of a
conducting zone between the depths of 300 m to 2 km. In
the southern and western part of the study area, this layer
extended up to 2.5 – 3.0 km depth. Shallow resistivity
investigations revealed on an average a highly resistive
(about 1000     ) surface layer up to the depth of 15m, a
conducive layer (less than 200        ) in the depth range of 15-
40 m, and a resistive layer (300-500 ) below 40 m depth up
to the depth of investigation of about 110m.

(A. Manglik, D. Muralidharan, S. Thiagarajan, Tanvi Arora,
U. Satyanarayana, Rolland Andrade)
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3.7 GEOPHYSICAL INVESTIGATION BY GROUND
PENETRATING RADAR (GPR) AT HEAD WORKS
(TWAD), MUTHARASANALLUR, TRICHY
(TAMILNADU)

As per the request of the Superintending Engineer, TWAD
Board, Project Circle (Ramnad CWSS), Trichy, the scanning
of underground strata around trenchless crossing near Head
Works at Muthurasanallur, to study the feasibility of continuing
the pushing of M.S pipe of 1700 mm diameter, 20 mm thick by
trenchless technology and also to detect sub-surface utility
structure was taken up on 11.03.2009 and 12.03.2009, by
using Ground Penetrating Radar. A project area of 20 m X 40
m up to a depth of 8 m was scanned thoroughly and the results
given with our findings. Ground Penetrating radar has been
executed with 200 MHz. antenna.  A total of 31 scans are
carried out up to depth of 8 m on either side of the road
(Fig. 3.13)

Based on GPR scans, it is found that there seems to be no
obstacle found in the entire area scanned. The pipe inserted
has lost its circular shape and deformed to oval from 10th meter
and deflected upwards deviating from the horizontal level
(Fig.3.14), the top of the pipe can be seen by Radar scan at 3
m depth from the horizontal level beyond 10 m length
(Fig.3.14). Also, the diameter of pipe has reduced considerably
and direction has changed due to buckling of welded joints.
So, further pushing or retrieving the pipe in the same trench
may not be possible. Hence a new trench has to be selected
adjacent to this and pushed.

Fig. 3.13 Location map of GPR profiles Head Works (TWAD) Mutharasanallur
Railway Gate, Trichy

� On examining the scooped earth from the trench, it is
concluded that the strata is stiff and pasty clay.

� Pushing the pipe in such clayey strata should be dealt
very carefully with meticulous planning and scooping
of the earth has to be done simultaneously as the pipe
is pushed inside.

� Also welding of joints has to be done with due care for
pushing through this special strata.

� Also the water table which is met at 3 m (Fig. 3.15)
from the top of road surface has to be substantially
reduced with the help of heavy duty pump sets so as to
have better working condition.

The buckling and deviation of pipe may be due to deficiency
in welding in the pipe joints and due to enormous pressure
given without scooping of earth then and there and not due to
any obstacle or interface

To insert new trenchless pipe the point at 10 m away, (western
side) has been scanned and found homogenous medium
( Fig. 3.15) up to 8 m depth which is feasible to complete the
work without any obstacles.

Fig.3.14 GPR scan showing  deformation of pipe in to oval shape at the depth
of 3m, at Head Works(TWAD),  Trichy

Fig.3.15 GPR scan showing  homogenous medium up to 8 m depth & water
table at 2.5m depth, at Head Works (TWAD), Trichy

(Dr. S. Sankaran, S. Saheb Rao)
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3.8 SITE CHARACTERIZATION STUDIES NEAR
JURALA VILLAGE FOR A HYDROELECTRIC
PROJECT ACROSS KRISHNA RIVER

Construction of a barrier structure (weir) has been proposed
across Krishna River, near Jurala Village in Mahaboobnagar
District of Andhra Pradesh. To characterize the construction
site, MASW survey and ground ambient noise measurements
were carried out. The MASW study shows that the shear wave
velocity in the study area vary from 200 m/s to 1000 m/s. Top
soil is represented by a velocity of < 300 m/s, and it extends
from surface to a depth of 5-6 m. Weathered rocks have a
velocity range of 300 m/s-700 m/s with a thickness of 6-12 m.
Hard rock (Granite) was detected below the depth of ~12 m
with a shear wave velocity of >1000 m/s. The ground ambient
noise measurements show the dominant period of waves at
the site. Data were recorded at 100 samples per second in
continuous mode in mini seed format. The dominant periods
of waves were calculated using H/V Nakamura method. The
peak frequency of 1.6 Hz and very low amplification (0.3 times)
were observed in the study area.  The decay rate of
acceleration spectrum beyond corner frequency (around
0.6 Hz) is faster in case of rock than soil conditions. This is
consistent with long duration of vibration in soil as discussed
above. High level of amplification of the signal with its slower
decay rate causes the signal to be trapped in soil. Also, the
value of spectral acceleration is more in case of soil than rock
conditions around corner frequency of 0.6 Hz. The site-specific
response spectra for different damping coefficients are
prepared for a maximum credible earthquake of Mw 6.5. The
spectra show maximum amplification values around 1.25 Hz.

3.8.1 Site characterization studies along a gas pipeline
route between Kakinada and Chennai

A giant underground pipeline (~600 km) has been proposed
to be mounted between Kakinada and Chennai to transport
hydrocarbon gas. To characterize the pipeline sites for
determining the safety conditions, IRS-P6, Liss-IV satellite
imageries were analyzed and about 70 structural lineaments
were identified (Fig. 3.16). Ground geological studies shows
that about 56 lineaments are fault zones; some of them are
associated with recent earthquakes and a few are palaeo-
seismic zones. To determine whether these faults are active
in the present, 32 locations were selected for MASW, seismic
refraction and site response studies. The MASW and refraction
studies have provided shear wave and compressional wave
velocity–depth sections up to a depth of 30 m, respectively
(Fig. 3.16). At a few locations, an occurrence of surface layer
with shear wave velocity of <200 m/s up to a depth of 15 m,
containing a shallow ground water table, has been observed.
Therefore, these sites have high liquefaction potential and high
seismic hazard. The velocity sections at some places have
also revealed vertical low-velocity zones and they are related
fault zones seen as lineaments in the satellite imageries. Site
ambient noise records revealed prominent amplification of
ground noise at either single or multiple frequencies (Fig. 3.16).
These studies have provided safety guidelines to determine
the pipeline design parameters.

Fig. 3.16 A lineament map of east coast of India from Kakinada to Chennai and an example of shear wave velocity–depth section and frequency–amplification spectra
of the ambient noise.
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3.8.2 s-hole seismic studies at Teesta Stage-III
hydroelectric project site, North Sikkim

Cross-hole seismic survey was conducted at the Teesta Stage-
III hydroelectric project site, in order to understand the
subsurface geological conditions up to a depth of 50 m, for
construction of powerhouse structure. The seismic study has
provided compressional and shear wave velocity tomogram
between the seismic source and receiver boreholes and are
shown in Fig. 3.17. The tomographic images reveal three
layers: ~25 m thick surface layer with low P wave (<2.5 m/s)
and S wave (< 1.25 m/s) velocities, pertaining to colluvial and
alluvial soil cover; ~22 m thick second layer with moderate
P wave (2.5-4.0 m/s) and S wave (1.25-1.75 m/s) velocities,
pertaining to weathered basement rocks; a third layer with
unknown thickness has high P wave (> 4.0 m/s) and not so
high S wave (~1.75 m/s) velocities, pertaining to the compact
basement rocks. These measures have also been used to
calculate other engineering properties and are also shown in
Fig. 3.17. Based on this study, it is possible to design the
powerhouse location and its design parameters.

3.8.3 Seismic refraction studies along the proposed
HNSS tunnel near Madanapalli

Seismic fraction studies were carried out for designing the
alignment of an irrigation tunnel near Madanapalli, Chittoor
District, Andhra Pradesh. Using hammer shots as a seismic
source, the refraction data were collected along 25 individual
profiles for a distance of 2.5 km and the results are shown in
Fig. 3.18 The compressional wave velocity section revealed
three layers with increasing velocity with increasing depth.
The thin surface layer (2-3 m) is characterized by a velocity
range of 400 m/s to 500 m/s, corresponding to soil cover and
disintegrated soft rocks. Approximately 15-20 m thick second
layer has a velocity range of 1700 m/s to 2600 m/s, and is
related to weathered sedimentary rocks. The third layer with
unknown thickness has a velocity range of 3600 m/s to 4500
m/s, pertaining to compact sedimentary rocks. Based on this
study, safe location of the tunnel has been selected and is
shown in Fig. 3.18.

Fig.3.17 P and S wave tomograms and elastic properties of Teesta Stage-III
hydroelectric project  site

3.9 DELINEATION OF OLD UNDERGROUND COAL
MINES AND STUDY OF MIGRATION FRONT
BEFORE AND AFTER SAND STOWING : A
FEASIBILITY STUDY FROM MICRO-GRAVITY
MEASUREMENTS.

Before embarking upon the envisaged work, a number of
theoretical models were generated to examine the efficacy of
the method in the existing field conditions. Considering the
horizontal coal seam of 3.2 m from which coal was extracted
leaving behind the galleries of 4.8*3.2m, it is observed that

Fig. 3.18 Topography included P wave velocity section along the HNSS
tunnel near Madanapalli .

(T. Seshunarayana, K. Subrahmanyam, S.V.V. Prasada
Rao P. Prabhakara Prasad, Y. Rama Mohan Rao, P. Senthil
Kumar, V.V. Ramana Murthy, K. Ratnamala, G.S. Srinivas,
K. Satish Kumar, D. Mysaiah, K.N.S.S.S. Srinivas, P. Pavan
Kishore, M. Sri Hari Rao, Md. Jahangir, M. Sri Hari,
C. Venkatesh, S. Trupthi, V. Sudha Rani, K. Maheswari,
A. Rajashekar Reddy)
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the single gallery of dimension at a depth of 5, 10 and 20m
depths produces an anomaly of about 45,25 and 12 micro
gals, respectively (Fig.3.19a).  Two parallel galleries of same
dimension and depth but are separated by a 6.5 m pillar
produce an anomaly of similar magnitude with two distinct
peaks when the seam is at 5m depth, while the single peaks
are shown for 10 and 20m depths  (Fig. 3.19b). In the actual
case, where number of galleries criss-cross similar to a chess
board (Fig. 3.19c), the structure again produces an anomaly
of similar magnitude with a number of distinct peaks at 5m

but they merge at the depths of 10 and 20m (Fig. 3.19c).
In both the latter conditions, individual gallery below 5m is,
therefore irresolvable. Similar calculations can be done for
galleries filled by sand & water and can be compared.
Theoretical response negates the possibility of discerning the
individual gallery of 4.8 X 3.2 m2 between 20 to 40 m depths.
However, the repeat observation with time to monitor the
progress of the stowing process is feasible with reasonable
degree of confidence (Fig. 3.19d).

Fig. 3.19a Gravity response of single galleries at 5, 10 and 20m depths Fig. 3.19b Gravity response of two galleries at 5, 10 and 20m depths

Fig. 3.19c Gravity response of multi- galleries at 5, 10 and 20m depths
Fig. 3.19d Gravity response of multi- galleries at 5, 10 and 20m depths before

(B.Nageswara Rao,A.P.Singh,B.Singh).
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