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Abstract: The paper presents the results of high precision control survey carried out in the underground mining
of Oyu Tolgoi project using terrestrial laser scanning technology. The purpose of the measurements is to ensure
the heading, total length and volume of the penetration and excavation works are being implementing in
accordance with the planned and designed dimensions. We established a network of 18 reference points in the
tunnel of the selected underground level which were repeatedly measured 4 times by two round readings of
the Trimble S7 tacheometry and processed by using the Trimble Business Center software. All points except
the one was within the permissible error. Based on these points the excavation length and volumes were
determined using the Trimble SX12 laser scanner. The difference between the planned work quantity provided
by the Oyu Tolgoi project and the actual values measured by the laser scanning was calculated using the
comparative method. The TLS partial control measurements in the excavations made through the ore bodies
revealed the length of 20285.72 m and volume of 441128.80 m?® for underground 7 mine levels while their project
values were 16158.26 m length and 422837.50 m? volume, respectively.

Keywords: laser scanning; point clouds; mining tunnel monitoring; precise tacheometry

1. Introduction

Traditional underground mine surveying for inspection validity of the penetration and
excavation works, coincidence of its heading and volume with the planned design were implemented
by using a digital electronic tacheometer. In recent years, laser scanning technology has rapidly
entered in numerous engineering applications such as cross-sectional area and volume calculations,
monitoring and measurements of deformations in construction, infrastructure, mining, road and
bridge, archeological and historical artifacts studies etc., due to its high accuracy, high speed, high
spatial resolution and efficiency for acquiring 3D representation of different objects. In these tasks,
the 3D models are necessary to reconstruct the measurement or inventory object. In many scientific
publications, we see very simplified 3D or only 2D models which were made using technical design
documentation or manual measurements [7,9]. These models can be improved by laser scanning data
and a reconstruction model from a data point cloud [23]. It takes a lot of time and requires a lot of
effort to make it accurate and to a satisfactory degree of simplification. If we think about monitoring
of geometry, we need to keep updates in a loop after any shape change. It can be done using machine
learning and automatic recognition objects from a point cloud [7]. Modern TLS device can measure
104-10¢ points per second with an accuracy of 10-1-10° cm. In this sense, TLS are becoming increasingly
affordable tool in engineering and in the quality control of facilities and infrastructures, for
underground mining applications that can provide rapid rich geometric information in the form of
3D point cloud. Currently, two types of laser scanning to produce point clouds are widely used in
underground mines: terrestrial laser scanning (TLS) and mobile laser scanning (MLS) [23].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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The actual shape and reliable cross-section of the tunnel of underground mining play important
role on all levels of engineering operations as well as for ventilation. Besides, underground mine
tunnels, mine headings are susceptible to the impact of convergence, therefore systematic control
measurement of the location and height of the points, of the base geodetic network are of great
importance in many tasks related to the maintenance, inventory and underground extraction. We
carried out an inspection in the excavation and penetration mining work in the Oyu Tolgoi
underground mining using high-speed Trimble X7 and SX12 laser scanning system to ensure whether
the heading, total length and volume of the penetration and excavation works are being
implementing in accordance with the planned and designed dimensions.

Oyu Tolgoi deposit is now extracting its concentrate from open pit ore. However, it is considered
that 80 percent of the total resources, or the high-grade ore, is located underground hundreds of
meters deep and copper and gold content of these ore bodies is largest in the world. The vertical
penetration shaft of the underground mine of the deposit has been in operation since 2005. The 1st,
2nd and 5th vertical shafts have been put into operation, and the 3rd and 4th shafts are ongoing. Since
2007, more than 100 km of 8 level excavation work has been carried out at the depth of 1300 m.

2. Methodology

Measurements in the mining tunnel using terrestrial laser scanning

In order to evaluate the point coordinates and heights of the mine tunnel we established
polygonometric control network. The excavation and penetration works were mapped by
constructing its 3D model from point clouds data collected by TLS measurements and the model was
compared with the project values. Before conducting TLS, an identification marks were fixed on the
wall of the tunnel in accordance with the accepted in the Oyu Tolgoi underground mine network as
shown in Figure 2. The TLS measurements were conducted along the tunnel center line with a
distance between stop points being between 10-50 m. The connection error between the stops was
checked by scanning software and if the overlap is not less than 70% then the movement to the next
stop points were made.

The penetration and excavation heading and length were determined from the point clouds and
3D model and also were compared with the project values. One of the drawbacks working with point
cloud in manual approach is tedious browsing, time-consuming, requires of capable computer.
Therefore, we used semi-automated time-saving approach in which the cross-section maps were
derived from the constructed 3D model. Derivation of cross-section maps at desired size and per
meter allow its easier comparison with the designed value in short time. All the processing and
calculation of the measurements were carried out by using the Trimble Business Center software with
Tunnel module.

2.1. Measuring Device

For determination and evaluation of the reference points coordinates of the geodetic base
network that are necessary for defining geometric dimensions such as cross penetration of
excavation, its heading, length and volumes, Trimble S7 fully robotic electron tacheometry with 1”
accuracy was used. It combines in one Trimble Vision, Magdrive, Surepoint, Finelock, Autolock
technologies and laser pointing.

For determination of mine advance and shifting, Trimble X7 and SX12 laser scanners with easy
orientation, measuring and marking possibilities were used. A green focusable laser pointer yields
the smallest spot size currently in use, just 6 mm at 100 m, letting work from longer range. In general,
the instrument operating range is 0.9 — 600 m, beam divergence is 0.2 mrad, field-of-view 360° x300°
scanner angular accuracy is 5”.

2.2. Measurement of the Polygonometric Network
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In the tunnel to vertical shaft-4, 18 points of the network with a total length of 600 m were
measured using Rounds module of the tacheometer. Three circle readings in forward and backward
directions which totals of 6 measurements were performed on all points as shown in Figurel [1].

CS968
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CS966

CS965

CS962

Figure 1. Sketch of the measured polygonometric network (shown part of the network).

The angular measurements carried out from the station 1 of the polygonometric network with
directional line to C5968 point (Figure 1) are shown on Table 1.

Table 1. Measurement of the polygonometry network.

Point ID: N1 Station: z1 Backsight: C5968

Enabled Hor1zont Backsight Horizo H. . V. Sl.ope Distance
Angle Vertical Angle Dista .
Observa al Circle Circle ntal A 4 Residual
tions Readin Readin Angle Residua  Angle Resid nce (m)
8 8 & 1 ual  (m)
H 1 4°38'15. 11.
2LNL | 9438158 o  9g5133470°00'1 8% 0.0001
T7) 23°19'47.8" 71°18'2 0°00'02. 18" 01
' (T2) 80" 4" , ,
HZl N1 , 274°38'24. 261°08'03. 0°00'1 11.62
1 ; : g 0.0004
(T12) 7 0 1.7 06
L 4°38'12.2 11.61
zI-N1 2 9 3? - 98°51'34.5" 0°00'1 6 -0.0005
(T13) 23°19'47.8" 71°182 . 9%
) 4qn 0°000L. 0.7
HZl N1 5 274°38'24. ) 2" 261°08'02. 0°00'1 11.62 0.0004
(T18) 3" 5" 22" 05 '
L 4°38'12.2 11.62
zIN1 5 94738 _ 9851335" 0°001 %% 0.0001
(T19) 23°19'47.8" 71°182 . . 00
™) 4gn 0°000L. 1.8
Hzl z1-N1 3 274°38'23. ’ 2" 261°08'04. 0°00'1 11.62 0.0000
(T24) 8" 4" 0.3" 01 '

Results
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Figure 2. The mark of the central point of the network.

The TLS mapping were performed by measuring 190 stops by Trimble SX12 device,715 stops by
Trimble X7 device. In total using 905 stops and placing 829 identification marks, 40.755.000.000 points
by X7 device and 1.606.305.600 points by SX12 device were collected respectively.

Figure 3. TLS measurement of cross section in the underground mining tunnel.

The sketch of measurements curried out on the three extraction levels (APL-Apex level, UCL-
Undercut level and EXL-Extraction level) are shown in Figures 4-6.
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Figure 4. The results of measurements made at the APL (Apex level) upper cutting extraction level.
The green line indicates the border line, black line — a tunnel drawn by the measurements results.
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Figure 5. The results of measurements made at the UCL (Undercut level) extraction level. The yellow
line indicates the border line, black line — a tunnel drawn by the measurements results.
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Figure 6. The results of measurements made at the EXL (Extraction level) extraction level. The blue
line indicates the border line, black line — a tunnel drawn by the measurements results.

The measurements and survey carried out at the mine tunnel

For implementing the TLS, the suitable stop points were selected that provide uninterruptable
operation of the equipment in the tunnel and complete mapping of the tunnel. The control or
connection points number were marked on the wall by fireproof paint and distance between points
were set to be no more than 10-30 m (Figure?7).

Figure 7. The identification mark used in the underground mine.
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The identification marks serve to georeference the point cloud measured by the TLS and place

them to the final correct position.

3. Connection between Scanner Stops

Data processing was carried out using Trimble Perspective field software, Trimble Real Works
software for processing laser scanning data, Trimble Business Center software for processing digital
tacheometry, leveling, GNSS data, static and mobile laser scanning data, drone or photogrammetric

data.
The overlap between scanner stations were checked by Trimble Perspective software and should

not exceed 30%.

3.1. 3D Modeling Using Point Clouds

3D model of the tunnel is created from the point clouds based on the center line provided by the
project with the following assumption on its size: 2.5 m to both sides (right and left) from the center
line, 3m in the perpendicular direction above the center line, upper top radius of the circle is 2.5 m.
3D model of the tunnel created using the point clouds is shown on Figure 8.

o
i

2

?
7
é
%
7,

%
4

>
Kl
o
1
A
PRI
%{
)
7
7,

v,
5
1
)
5
T
’(
7
K7
)
,f
g
7 7
()
v
2
Tl
o)
Perey
2
//,;’”
Yo,

A oo

>
5
K
%
Y
0
M
7%
7
A
4
%
7k
o,
#,
{7
%%

d
“e
%
40,

T

RIS vy

T T AT e A A S AR T
S SROCESIERESS o

TR AT ST S TS T

RS G o

’;‘ KRR .vg.ygv X

|

AR
‘ﬂm‘l.\v:
gy
i NV

Figure 8. 3D representation of the tunnel generated from TLS point cloud.

The erroneous points due to the machinery, techniques, human and other objects were filtered
out from the point cloud using a statistical outlier removal (SOR) filter (in the software Trimble

Business Center, module Tunnel).
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Figure 9. The process of filtering of the erroneous points from the point cloud data.

3.2. Determining the Volume of Excavations through Ore Bodies

By building the tunnel based on the given center line an object is created from TLS point cloud.
From this object the volume is calculated. Than a cross-section of cross excavation and penetration
was created at every 1 meter, the area of which were compared with the project areas (Figure 10) [22].

Tunnel Inspection Map

Over/Under break distances:

Station:

0+079.00

Overbreak volume:

7 Cross-section scale: 11110
Base area: 255m*
Comparison area: 248m?

4 Base circumference: 18.6775m
Comparison circumference: 18.8540 m
Overbreak area: 19m*
Underbreak area: 26m?

1 Average overbreak distance: 02176 m
Average underbreak distance: -0.2456 m
Maximum overbreak: 0.4434m

© Maximum underbreak: 0.4758 m

Deltas:

Underbreak volume:
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Figure 10. A comparison of the tunnel design and actual measured dimensions.

The volume of 24.8 cubic meter is equal to 1 equivalent meter. The equivalent values for the
tunnels volume provided by the project were calculated according to the Figure 11 and their values

are given in Table 2 [21].

3.0000

R2.5000

3.0000

5.0000

Figure 11. Tunnel dimensions with 24.8 sq.m area, volume in 1 m length tunnel: 24.8 cubic meter =1

equivalent meter.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 March 2024 d0i:10.20944/preprints202403.1583.v1

Table 2. Results of measurements made on the underground mine levels and comparison with the
project value: total length, dimenstions of large excavation and actual volumes.

. Center Total Total Actual Yalues .
Mine . advance given by Variance
Linear Eqm (m) advance Volume .
area length from . the project (m)
(m) (m) . (cubic m) .
client (m) (cubic m)
APL 1180.2 - 1180.2 1181.1 26559.8 29290.2 0.9
UCL 1987.3  63.1 2050.4 2050.7 47362.6 49264.4 0.3
EXL 64288 479 6476.7 6467.9 125105.1  159539.7  -8.8
RAL 641 - 641 640.8 21474.3 15908.6 -0.2
HLL 3719.7 12,5 37322  3733.18 112302.7  92313.2 0.98
TWS 166.6 - 166.6 166.6 4657.9 4134.1 0
FAL 32347 416 3276.3 3280.2 90149.9 81262.1 3.9
Total 17358.3 165.1 17523.4 17520.48 408285.4 431712.3  -2.92

Note: Eqm calculates the required levels in equivalent meters. The equivalent meters are calculated in the area
where the mine tunnel extends in the transverse direction. The meanings of abbreviations: APL — Apex level,
UCL - Undercut level, EXL — Extraction level, RAL — Return air level, HLL — Haulage level, TWS — Track Work
Shop, FAL - Fresh air level. The measurement was made on these 7 levels and according to the length of the line
provided by the customer, the volume of the tunnel measured at each level and the dimensions were determined.

4. Results

Table 2 shows the results of the measured total length, large excavation size and actual volumes
obtained on the underground mine levels provided by the Oyu Tolgoi project.

5. Conclusion and Discussion

The adjustment relative error of the underground control network of 18 points was 1:26000 in
horizontal and 1:22000000 in vertical. These values satisfy the statement “In case the linear error of
polygons less than 1:25000, polygons perimeter is less than 250 m, the absolute error does not exceed
10 mm”, thus the measurement and adjustment are considered as acceptable [2,3,6,7]. But at two
points, shift of 28 mm along the Y (easting) axis at point C5882, 38 mm along the Y (easting) axis at
CS796 were measured respectively to compare with the previous measurements. This difference
might be explained by the displacement occurred due to the mining explosions and blasts. Therefore,
additional redundant measurements of these points are required.

Our inspection carried out on comparison of the theoretical surface of the tunnel to a surface
fitted to the point cloud shows the results of the point cloud, center line, surface mesh obtained from
the TLS of the tunnel coincide with the excavation and penetration heading, measurement and
mapping works ongoing in the underground mine of the Oyu Tolgoi project.

In the 7 levels of the underground mine, the measurement length provided by the project is
17358.3 m, measured value by the contractor is 17520.5 m; the total volume provided by the project
408285.4 m3, while the measured at all levels total volume is 431712.3 m3. Since the actual measured
difference of 23426.9 m3in volume, corresponding to the total length of 17.5 km of the selected tunnel,
covers the mine shelters, service and ventilation pipes and other non-movable items, the heading,
length and volume of excavation and penetration in the Oyu Tolgoi underground mine are being
carried out in accordance with the planned design.
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