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Rapid, precise and frugal surveying is a strategic factor
in the present mechanized mining environment owing
to rapid surface profile transformation in a short period.
Determination of global coordinates with high accuracy
using the satellite-based global navigation satellite system
(GNSS) has been studied in the mining arena and is
gradually becoming an essential component. A case study
of Khanak Stone Mine, Haryana, India, is discussed
here, highlighting the combination of GNSS system
and terrestrial laser scanner for the preparation of a
surface profile of a rugged terrain with the key objec-
tive to determine the precise in situ rock excavation in
periodical phases. The actual tonnage of rock produced/
transported from the mine has been calculated by de-
termining the in situ density and bulk density in the
laboratory. The study reveals that this survey of appro-
ach is apt to achieve quality plan and to obtain the goal
of actual tonnage of rocks excavated.

Keywords: Georeferenced surveying, hybrid technology,
laser scanner, remote sensing, Stone Mine.

SCIENTIFIC collection and generation of data in the form
of northing, easting and elevation to the maximum possible
accuracy from the field in less time is the key objective in
surveying. Quality of surveying has been improved mani-
fold with the increase in technology. It is cumbersome to
use the conventional instruments in surveying and hence
inclination towards the advance survey equipment has be-
come the need of the hour to acquire desired quality output.
Conducting accurate surveys of large areas within a stipu-
lated time frame is another pivotal factor. Keeping pace
with the changing global scenario, the hybrid approach of
satellite-based and land-based advanced surveying has be-
come a promising tool in mining. Nowadays, many indus-
tries prefer surveying using advanced technology, thereby
ensuring proper data generation and, in turn, precise pre-
paration of plans and sections for perfect and in-time exe-
cution of work.

A study was conducted at Khanak Stone Mine, Haryana
State Industrial and Infrastructure Development Corpora-
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tion Ltd (HSIIDC), India, to determine the volume of rock
excavation by laser technology. A combination of global
navigation satellite system (GNSS), total station and LiDAR-
based terrestrial laser scanner (TLS) was used to survey in-
tricate terrain to obtain accurate field data.

Modern survey instrumentation: a backdrop
GNSS

GNSS, an outgrowth of the differential global positioning
system (DGPS), bridges the gap in calculating the global
coordinates of a point at the surface of the Earth by trilatera-
tion with high precision. It uses the core satellite constel-
lations, i.e. the United States’ Global Positioning System
(GPS) and the Russian Federation’s GLObal NAvigation
Satellite System (GLONASS), the European Satellite
Navigation System (GALILEO) and China’s COMPASS/
Bei-Dou, India’s Regional Navigation Satellite System
(IRNSS) and Japan’s Quasi-Zenith Satellite System (QZSS)
and augmentation systems. Satellite navigation systems
have becomeintegral to all applications where mobility plays
an important role'.

The GNSS receiver, consisting of an antenna and a pro-
cessor, measures three-dimensional global coordinates
from a minimum of four satellites with an accuracy depend-
ing on the precision of measurement from the satellites
and their relative positions geometry’. The position is
computed by the GNSS receiver through a trilateration
procedure, which includes the measure of distance between
the receiver and a set of satellites®. Dual-frequency (L1/L2)
GNSS receivers for geodetic surveying are able to achieve
up to 1 mm level of accuracy®. This eliminates the influence
of the ionosphere and enhances the ambiguity resolution’.

The amalgamation of base receiver, rover receiver and
satellites, which helps mitigate orbit errors, transmission
delays in the ionosphere, tropospheric errors, multipath
signals and satellite and receiver clock errors, is key in
acquiring precise coordinates. However, the reduction of
ionospheric disturbances is still one of the unsolved issues
in precise GNSS positioning®. Wielgosz et al.” conducted
detailed research on GNSS positioning and applications in
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Poland, highlighting the various functional positioning
models. Several projects have been launched to promote
the next generation of GNSS®. Also, GNSS is widely used
in various domains like transportation, mapping and sur-
veying, monitoring of the environment, weather predic-
tion”'’, tectonics and geodynamics'', natural resources
management, disaster warning and emergency response,
and aviation, including mining'>"*. DGPS is used in mining
for planning and designing purposes, and it provides more
reliable and accurate data that can be used for medium- to
small-scale maps'*.

The high accuracy of GNSS has transformed the survey
approaches in mining. The application area using DGPS
has proven to be useful for general boundary geo-referencing
and fixation if the necessary precautions are followed'”.
GNSS is not only cost-effective, but also saves enormous
time compared to conventional methods'®.

TLS

Laser scanners are being widely used in several industries,
including mining'’. TLS is a ground-based survey instrument
with the potential to measure millions of three-dimensional
point cloud data in x, y, z format using laser beams'®'’. In
this technique, a high-frequency laser beam is emitted
towards the direction of objects and a three-dimensional
coordinate point is obtained based on the time of reflection,
angle and intensity of the returned signals with an accuracy
of 5 mm (ref. 20). Survey of inaccessible locations even in
foggy and dusty environments is an advantageous quality
feature of the instrument®'.

Case study
Study site

The Khanak Stone Mine is located in the northern part
of Bhiwani district, Haryana. The mine lies between
28°53'36.51"-28°54'48.46"N lat. and 75°50'51.39"-
75°52'50.70"E long. with a mining lease area of 258.30 ha
divided into three blocks. The mountain is outcropped by
exposed rocks in the majority of the locations, with a few
large trees and bushes at the top of the mountain. Vivid
presentation of the steep slope terrain, nearing vertical,
due to old mining indicated the inaccessibility of the
rocky mountain.

Need for hybrid technology

The huge demand for the quality stones of Khanak Stone
Mine for large construction companies requires massive
annual production. The mine, being outsourced for rock
excavation, requires in-time precise surveys as payments
are to be made according to actual excavation. The loca-
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tion of the Khanak Stone Mine was in isolation from any
nearby reference coordinates. Hence, the establishment of
a base station with global coordinates is the initial step to
begin a survey of the mine.

The haphazard, old and abandoned mining all around
the foot of the mountain further enhanced the complexity
of obtaining the exact surface profile prior to new mining
operations. TLS ensures accurate LiDAR-based measure-
ment of coordinates data in northing, easting and elevation
at short distances (a few centimetres) of the ground sur-
face. The generation of huge data files bridges the gap in
obtaining precise geometry of the three-dimensional
ground profile. Thus, keeping in view the intricate topogra-
phy, a combined satellite and ground-based survey approach
was adopted to establish a new base station and baselines
by GNSS and to survey the three blocks covering inacces-
sible areas by laser technology.

Measurement process

In order to cover the entire rugged terrain, the present study
involved a systematic and scientific survey.

Establishment of base station: Establishment of the base
station is essential to initiate the survey work. There were
no reference coordinates in the vicinity of the study area.
Guidelines have been framed by the Survey of India (Sol)
for the duration of measurement for DGPS. Thus, a Base
Station was established by keeping the GNSS receiver
over the survey pillar for a continuous period of 72 h (31
January 2020 to 2 February 2020) in confirmity with SOI
guidelines. However, the base receives signals from all the
satellites at least once with 12 h continuous observation.
Elevation of the surface ground was measured with refer-
ence to the WGS-84 datum level. The base station data
were determined in UTM coordinates, which is a mathe-
matical conversion from latitude and longitude to a Carte-
sian northing and easting (y and x) coordinate system.

The base station was located in the vicinity of weigh-
bridge no. 1. The location of the base station was close to
the mining lease boundary and outside the periphery of
the ultimate pit plan (located by the mine management) so
that it is maintained intact throughout the life of the mine
for future reference. The survey of the mining area, com-
prising three mountains named as blocks A, B and C, was
conducted with reference to the established base station
coordinates.

Establishment of baselines: In general, survey of a mine is
carried out from a single baseline. Reconnaissance survey
revealed that a closed traverse from a single baseline
would require a large number of settings of short drafts to
cover the entire area because of rugged terrain and haphazard
old opencast mine workings within the mining lease area.
This approach may affect the closing error. Thus, with a
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Table 1. Coordinates of primary control points
Elevation Positional dilution  No. of

Base line Location  Northing (m) Easting (m) (m) of precision satellites Remarks

1 T1 3,197,359.128  583,428.596  390.940 2.51 13 Hilltop temple
T2 3,197,403.597 583,413.458 361.957 2.15 14

2 B1 3,197,370.784  585,011.245 211.983 1.57 16 Near base station
B2 3,197,429.184  584,860.714 212.525 2.14 15

3 B3 3,196,693.663  585,636.753 216.580 2.79 13 Weigh bridge 3
B4 3,196,680.126  585,528.738  219.120 2.39 13

4 B7 3,196,658.545  584,911.654 222.788 1.53 14 Mid of haul road
B8 3,196,824.254  584,323.436 239.324 1.53 15

5 F1 3,197,544.101  585,044.526  219.835 1.52 15 Building top
Fla 3,197,547.464  585,048.876  219.875 1.25 15

6 7 3,196,807.452  584,327.934  236.899 2.15 15 Weigh bridge 5
10 3,196,758.798  584,244.954  225.403 2.15 14

perspective to alleviate the large closing error, baselines
were established at suitable locations using GNSS with
reference to the same base station. The DGPS observations
on primary control points (PCPs) should be made continu-
ously for 2 h if the distance of reference points is within
10 km, according to the guidelines framed by the Chhattis-
garh Council of Science and Technology, Raipur, mining
lease area’. Twelve PCPs were determined at various
parts of the mining block through static mode by keeping the
rovers over each station for a period of 2 h for the establish-
ment of baselines. Table 1 gives the coordinates of PCPs.

Measurements were conducted with respect to the base
station, and the final PCPs were determined after the base
and rover data were processed using Trimble Business
software. The PCPs were fixed in pairs to establish the
baselines. A total of six baselines were established to cover
the entire area. Positional dilution of precision (PDOP)
ranged between 1.52 and 2.79, indicating good satellite
geometry. A PDOP value less than 4 is considered excel-
lent”. The number of satellites varied between 13 and 16
during the determination of PCPs.

Establishment of geo-reference stations: The global coor-
dinates of the geo-reference stations were determined
from the respective baselines using a total station. The
haphazard, old opencast mining all around the foot and at
the top of the mountain led to the establishment of a good
number of geo-reference stations at short distances to cover
the entire surface area to be surveyed. A total of 126 geo-
reference stations were fixed to cover all three blocks.

Survey by laser scanner: Point cloud data were generated
by setting the TLS over the established geo-reference sta-
tions, following the backsight method. Figure 1 provides a
few pictorial views of the survey conducted using TLS.
After eliminating noise precisely, a topographical mesh
was generated by merging all the point cloud data files
with the aid of ATLAScan software. Figure 2 is a 3D view
of the mine covering the three blocks A—C.
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Preparation of contour plan: A surface contour plan was
prepared at 10 m intervals based on point cloud data gene-
rated by TLS (Figure 3). Measurement by the laser scanner
helped generate a precise DEM model of the surface
ground profile prior to the commencement of mining.
Measurement after periodical excavation using laser tech-
nology would help compute the actual volume of the rocks
excavated.

Density determination

Both in situ density and bulk density of the rocks were de-
termined from the core samples to compute the tonnage of
rocks excavated and the amount of broken material left in
the mine.

In situ density

In situ density was measured using the standard method
given in IS 13030 (ref. 24). Dry density test of the rock
samples was conducted in the form of lumps or aggregates
of irregular geometry. The method is only used for rocks
that do not appreciably swell or disintegrate when oven-
dried and immersed in water. Density was calculated using
the following relation

p=— )

14
where p is the density (kg/m’), M the mass (kg) and V is
the volume of the sample (m”).
The average density of in situ rocks was 2.63 t/m’. The
tonnage computation of in situ rocks excavated was done
with the average density of the rocks determined.

Bulk density

The bulk density is defined as the mass or weight of a mate-
rial divided by volume of the material, including voids
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Figure 1.

Block B

Survey carried out by terrestrial laser scanner.

Figure 2.

contained within the volume of a rock, and can be expressed
as

o= Ws/Vs, 2

where W is the weight/mass of the fragmented material,
including crushed fragments, if any, and Vj is the volume
of the dumped fragments, including internal voids between
fragments/crushed material.

The blasted muck is transported by dumpers/trucks to
the required stockyards. Since bulk density and in situ
density are not similar, the former was necessary to evaluate
the actual quantity of material transported by dumpers/
trucks. Core samples were used to determine bulk density
in the laboratory. No ASTM standard is available to deter-
mine the bulk density of a rock core sample. A methodology
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Three-dimensional view of mine showing the location of three blocks.

has been preluded with a rational approach through labor-
atory examination to determine the bulk density of rocks
excavated in the Khanak Stone Mine.

Methodology

Large-sized rock samples collected from the mine were
cored to various lengths. The volume (7)) of each core sam-
ple was determined by taking the average diameter and
average length measured, and density was determined by
dividing dry mass (M) by volume following the ISRM
standard.

Each core sample was thereafter broken into pieces in
four steps, each with a different fragment size. The broken
samples were kept together for each step, and photographs
were taken at each stage. Photographs were taken along
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Sample-5/1 B, Khanak Mines, Haryana
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Figure 4. Determination of fragment size of rocks. (a) Image analysis.
(b) Particle size distribution.

with the measuring scale to determine the actual fragment

size through WipFrag software as shown in Figure 4.
WipFrag (M/s Wipware Inc, Canada) is an image analysis

software that examines digital images of broken rocks with a
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Surface contour of the mine at 10 m interval.

granulometry system to predict grain size distribution in
the muck pile. Photographs of the broken rock images are
transformed into a particle map or network. WipFrag allows
comparing the automatically generated net against the
rock image. The fragment boundaries are analysed efficiently
using edge detection variables (EDVs). Any inaccuracies
can be corrected by manual editing with a mouse to improve
edge detection.

The output of the analyses is in the form of a number of
exposed fragmented blocks expressed in different percentile
sizes, viz. Dl(), D25, D50, D75 and Dgo. For achieving the
mean size of the fragments, Ds is chosen, which indicates
the size of the sieve opening through which 50% by size
of the sample would pass.

In any muck pile of the fragmented rock mass, two
types of voids exist in the broken samples, namely surface
pore void (SPV) and inter-particle/fragment void (IPV).
According to Crawford®, internal pores should only be
considered to determine bulk density. Hence, SPV should
be removed while determining bulk density in the laboratory.
The steps followed to remove the SPV are detailed below.

The volume (7,) of the broken samples, including inter-
particle voids and SPV, is measured at each stage with the
help of a measuring cylinder (Figure 5). Volume of the
surface pore is determined by the measuring cylinder
(Figure 6). Assuming a constant SPV size throughout the
inner surface of a cylinder, radius (r;) and height (4,) are
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SPV

Figure 6. Dimensions for the determination of inter-particle/fragment
void.

calculated to determine the volume (V3) containing only
the inter-particle void, expressed as

Vi=ri'h, 3)

Total void =V, — V| = V. 4)
Inter-particle void is computed as

Voip = (Vor x V3)/ V1. (5)

Bulk density = V; + Vip, (6)
where r is inner radius of the cylinder, r; the radius of the

inter-particle void and #; is the height of the inter-particle
void.
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Bulk density is determined for different chip sizes, and
the relation between bulk density and chip size is established.

The average size of the actual boulder, after blasting, is al-
so determined in the same process using WipFrag (Figure 7).

The best-fit curve is plotted between bulk density and
chip size of the rocks determined in the laboratory. Actual
bulk density of the rocks is determined based on the boulder
size obtained after blasting, using the established relation.

Results

A number of cores were prepared from the rock samples
collected from different parts of the mine. The best-fit re-
lation was developed between chip size and bulk density,
expressed as (Figure 8).

BD = 2.4873 x CS0-0039) (7)

where BD is the bulk density (t/m’) and CS is the chip
size (cm).

The shape and size of the rocks affect the empty space
between them and consequently influence bulk density.
Thus, relation between bulk density and chip size was de-
veloped because of the influence of irregular geometry of
the broken chips. However, a few incongruous data were
eliminated to arrive at the trend, and the best-fit relation-
ship was established. The average size of the boulders was
around 20-30 cm. Thus, using eq. (7), the bulk density
was found to be 2.46 t/m’, which is also in close agreement
with that mentioned in the mining plan (2.45 t/m?).

Volume computation

The initial survey was carried out prior to the commence-
ment of mining, and the last measurement was conducted

341



RESEARCH ARTICLES

3_
[ ]
251 g™ e
2 - o o°
£
215 -
a
o
1_
0.5 -
0 : .
0 1 2

3 4 5 6

Chip size (cm)

Figure 8. Relation between bulk density (BD) and chip size of rocks.

at the end of March 2021 and continued till the first week
of April, i.e. up to 6 April 2021, to compute the volume of
rocks excavated till the financial year 2021. Rock excavation
was done from blocks A and B. Excavations were done in
both blocks for the development of the mine, i.e. haul road
development up to the top of the hills, etc.

Raw data obtained from the laser scanner contain noisy
point clouds. Noisy data are generated due to sun rays, trees,
vehicles, etc. Noise leads to a negative influence on the
application of laser scanning data, and hence, it should be
eliminated before processing the data to achieve the pre-
cise surface profile. Hence, volume computation was done
after removing noise using ATLAScan software.

Methodology

To compute the volume of any irregular mass of earthwork,
it is necessary to obtain the sectional area of each cross-
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section. Hence, cross-sections are prepared at every 10 m
interval. Reduced level (RL) data are generated at every
1 m interval along each section from the interpolated digi-
tal terrain model. RL profiles of all the measurements are
plotted. Area of actual excavation along each section is
computed using AutoCAD. The volume of rocks excavated
between two sets of measurements is calculated by the
widely accepted trapezoidal rule, expressed as

V=§{A1+An+2(A2+A3.....+A,,_1)}, )

where ¥ is the volume (m®), D the common distance between
two sections (m), 4, the area of the first section (m?), 4,
the area of the last section (mz) and A4, to A4,_; is the area
of the intermediate sections (m?).

No limitation of this rule and its applications for any
number of sections are the advantages of this method.

CURRENT SCIENCE, VOL. 126, NO. 3, 10 FEBRUARY 2024
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Table 2. Computation of tonnage excavated
SI. no Parameters Block-A Block-B Remarks
A Total cut (m®) 1,644,029.6  271,613.92
B Density of rocks (t/m’) 2.63 2.63 In situ density
C Tonnage cut (t) 4,323,797.8 714,344.6 AxB
D Total fill (m®) 683,838.2 34,595.71
E Bulk density of rocks (t/m®) 2.46 2.46 Bulk density
F Tonnage fill (t) 1,682,242 85,105.455 DxE
G Tonnage produced (t) 2,641,555.9 629,239.15 C-F
H Total tonnage produced (t) 3,270,795.024 Sum of G of blocks A and B
I Tonnage dispatched till 6 April 2021 3,237,412.175
J Percentage deviation 1.02

Volume calculation

Cross-sections were prepared in the north—south direction
at an interval of 10 m for both blocks A and B. Broken
rocks were filled at different locations in both blocks for
the development of haul roads from the foot of the hill to the
top and for levelling the ground. Weathered and poor-qua-
lity rocks with soil materials were also dumped at the side
of the hill. Excavations were observed in 176 sections
(125 in block A and 51 in block B). A few intermediate
sections showed no excavation as mining was done at dif-
ferent locations. Area of excavation along each section
was computed using AutoCAD. The hatch portion in red
indicates the area of excavation along that section, whereas
the blue shade indicates the fill. Volume of excavation
was computed using eq. (8). Table 2 gives the volume exca-
vated from the commencement of mining till April 2021.
Some variation in tonnage is anticipated due to the cumu-
lative effect of the following: (a) Heterogeneity of the
rocks leading to density variation. In places, rocks were
weathered (poor-quality rocks), containing soil whose
overall density is likely to be less. However, an average in
situ density of 2.63 t/m* was considered for volume com-
putation in tonnage. (b) Prior to the commencement of
mining, loose/broken rocks were also dumped at random
places, whose accountability in isolation cannot be done
by laser measurements. This also affects the average density
of the rocks. (c) Limitation in determining the bulk density of
rocks using standard methods.

Conclusion

GNSS proved pivotal for precisely surveyingintricate to-
pography in the mining arena. The establishment of the
base station and PCPs at different locations using GNSS
enabled the precise survey of the entire mine. Integration
of GNSS and TLS played an invaluable role in preparing a
precise surface contour plan. In situ density and bulk den-
sity of rocks of Khanak Stone Mine determined in the
laboratory were 2.63 and 2.46 t/m’ respectively. The total
volume of rocks excavated from the inception of mining
was computed using a trapezoidal rule amounting to
3,270,795.024 t. The amount of rocks dispatched was
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3,237,412.175 t according to the record provided by the
mine management. The percentage variation from the actual
tonnage dispatched was 1.02, within the acceptable range.

Thus, the challenges of surveying difficult topography
can be overcome by applying modern technology. The hy-
brid of GNSS and TLS has immense potential for survey of
any profile of topography except forest land covered by
large trees.
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