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Abstract

NTT Laboratories has carried out ajoint feasibility experiment in Chile with CODEL CO, theworld's
largest copper producer. Based on CODEL CO'’s specific needs for environmental protection, workers
health and safety, and effective information sharing, four NTT technol ogies/products were selected and
verified in terms of applicability in actual mining environments. This success should lead to better busi-
ness efficiency for CODEL CO and wider markets for NTT than originally envisaged.

1. Background

Corporacion Nacional del Cobre de Chile
(CODELCO) [1], which is 100% state-owned, is the
world’s largest copper producer. It is planning to
improve the efficiency of the mining industry by
introducing the latest technology. The collaboration
between CODELCO and NTT across business fields
and nationa borders is based on the “AccessNova
program” [2], [3], which has involved joint research
activities undertaken by NTT Laboratories and the
University of Chile over approximately the last ten
years. Professor Eduardo S. Vera of the university,
who isvery familiar with NTT technology, acted asa
mediator based on his belief that the latest NTT tech-
nology was particularly suitable for CODELCO’s
needs. Mining involves many processes such as rock
crushing, smelting, chemical refining, quality con-
trol, material distribution, and environmental protec-
tion. CODELCO and NTT jointly investigated and
identified a number of needs at mining sites.

After severa exchanges of engineers, we focused
on specific needsrelated to environmental protection,
workers' health and safety, and effective information
sharing and identified applicable NTT technologies
and products. Finally, CODELCO selected four
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themesand CODELCO and NTT agreed to conduct a
joint feasibility experiment designed to last between
six months and a year. The experimental themes
were: (i) a remote mining operating system using
optical networks (NTT Photonics Laboratories), (ii)
optical fiber strain sensing (NTT Access Network
Service Systems Laboratories), (iii) dust sensing
(NTT Energy and Environment Systems Laborato-
ries), and (iv) wireless applications (NTT Access
Network Service Systems Laboratories). These
themes were based on NTT products originally
designed for photonic networks, optical fiber sensors,
sensor networks, and wireless access, respectively.

NTT R&D products are initially developed for
ordinary IT (information technol ogy) markets such as
office environments. Therefore, the main purpose of
the experiment was to prove that they could work
effectively under severe conditions such as the dusty
environment of a mine. To date, we have not experi-
enced any major technical problems. This successful
conclusion to the experiments will open the way
toward better business efficiency for CODELCO.
Meanwhile, NTT will be able to broaden its original-
ly envisaged target markets. For example, a pollen
sensor that was devel oped for a cedar pollen forecast-
ing system [4]-[7] can aso be used as a mining dust
Sensor.
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2. Experimental themes

The four themes are outlined below. The officia
test period ended in December 2005 and four of the
tests were terminated then.

2.1 Remote mining operating system using
optical networks

Thistest was carried out in the Andinaunderground
mine located in the Andes Mountains close to the
Argentine border. In the underground mine, adits
(horizontal tunnels) extend for tens of kilometersinto
the heart of a mountain, and ore is carried out along
them.

For this test we used an AWG-STAR network [8]
that incorporated wavelength division multiplexing
(WDM) transmission and wavelength routing tech-
nologies based on an arrayed-waveguide grating
(AWG) router. This network is connected by optical
fibers in a star-shaped configuration with an AWG
router at the center and WDM nodes situated around
the periphery, allowing full-mesh wavelength pathsto
be configured between the nodes. Systems of this
type have already been installed in networksfor local
governments, metropolitan areas, and campuses.

CODELCO is building an experimental system for
the remote operation of heavy machinery such as
rock crushing hammers in underground mines with
the aim of improving the work environment. Video,
audio, and data communication is supported by a
mixture of coaxial cable, wireless links, and optical
fibers. However, video data has sometimes been dis-
rupted as a result of signal delays and noise induced
by radio waves. Also, since the mines are located in
the Andes Mountains, the area is buried under sever-
a meters of snow in winter, causing obstructions to
traffic and communications and leading to reduced
work efficiency.

Los Andes office

The AWG-STAR network system provides both
high capacity and immunity to inductive noise, which
are characteristics of optical fiber communication
systems. Furthermore, sinceit can also handle differ-
ent types of signal simultaneously and has little sig-
nal delay, and since the aditsin the underground mine
have been dug in a star configuration, this system is
highly suitable both technologically and physicaly
for usein underground mines.

As an experimental system, we installed WDM
node equipment at three locations: inside the Andina
underground mine (altitude 3200 m), at the mine
entrance (altitude 2600 m), and at an officein the city
of Los Andes (atitude 800 m); in addition, an AWG
was placed at the mine entrance (Fig. 1). The optical
fibers run the whole distance of 100 km from Los
Andes to the mine entrance without any repeaters.
These three sites are linked by WDM optical signals
(STM-16/0C-48, 2.488 Ghit/s) and connected to
CODELCO'’s video, audio, and data communication
equipment. We confirmed that the system can trans-
mit clear video and audio signals of the mine interior
to Los Andesand that the rock-crushing hammers can
be operated remotely with little latency. This system
is still functioning and so far has not exhibited any
problems. We also verified that this equipment could
operate stably during the winter months. Since the
results have been favorable, we hope to extend the
nodes inside the mine and apply systems of thistype
to other mines.

2.2 Optical fiber strain sensing

An optical fiber strain sensing test was carried out
at El Teniente, CODELCO'’s largest underground
mine, which is situated south east of Santiago.

In an underground mine, the adits are excavated
while ore is being quarried, so the strain in the adits
changes constantly. To provide a safe working envi-
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Fig. 1. Structure of AWG-STAR network installed in Andina underground mine.
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ronment, it would be useful to recognize symptoms of
deformation or bedrack collapse so that steps can be
taken intimeto prevent an impending disaster. There-
fore, we constructed a system for measuring this
strain by applying an optical fiber sensing technique
called Brillouin optical time domain reflectometry
(BOTDR) [9].

BOTDR exploits a useful characteristic of optical
fiber: the frequency distribution of backscattered
light (Brillouin scattered light) produced by an inject-
ed light pulse is proportiona to the strain along the
fiber axis (Fig. 2). By extending optical fibers across
rivers, mountains, and artificial structures, it is possi-
ble to detect and measure the displacements caused at
different locations by events such as earthquakes,
flooding, landslides, and construction activities. In
Japan, NTT Group has already marketed this tech-
nique for monitoring river embankments, landslide-
prone areas, tunnels, and other such structures.

This test was carried out at a section of mine with
sensors placed on the ceiling and walls over spans of
about 500 m. We achieved an accuracy of 0.3 mmin
measuring the deformation and displacement caused
by excavation work at higher-level adits. At the same
time, we verified that the system worked properly
despite the harsh local conditions. Here, sensor
cables were fixed to the rough surfaces of the adits
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Fig. 2. BOTDR strain measuring system.
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through which the vehiclestravel (Fig. 3), and optical
fiber strain measuring equipment was installed in a
room that getsvery dusty. The measurement datawas
monitored viathe network both at a site office and at
an NTT officein Japan (NTT Infranet).

The system operated stably and well when used for
intensive data collection during this test, especialy
during large-scale excavation work in September
2005.

BOTDR optical sensing technology is suitable for
sensing in places where the displacement locations
cannot be predicted. It can detect signs of deforma:
tion or collapse in structures such as tunnels. In this
experiment, we were able to confirm the existence of
these faults with certainty. Therefore, we expect to
find awide range of other applicationsin the mining
industry based on replacing conventional electrical
wires and sensors.

2.3 Dust sensing

This test was performed at Chuquicamata open pit
mine in the desert region in northern Chile. Open pit
minesdiffer from underground minesin that the quar-
rying holes (pits) are dug directly from the ground
surface. With amaximum diameter of about 4 km and
a depth of about 800 m, Chuquicamata is the largest
open pit mine in the world. Blasting work and the
movement of heavy equipment such as ore trans-
porter trucks inside this pit generate huge amounts of
dust. Under certain weather conditions, this dust can
reach towns some 20 km away, and there are fears
that it may be affecting the environment.

In general, the atmosphere contains various kinds
of particulate matter (PM) such as dust, salt particles
from coastal areas, and fumes emitted from factories,
automobiles, and the like. The effects of PM vary
depending on the size, quantity, and properties of the
particles. However, since PM has a wide range of
effects not only on human health and regional ecosys-
tems but also on the global climate, countries
throughout the world are establishing environmental
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Fig. 3. System installation overview. The optical fiber sensor was fixed under tension by rock bolts every 3 m.
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standards for it. A typical benchmark is the PM-10
concentration (the total mass concentration of PM
with an aerodynamic diameter of roughly 10 um or
less suspended in 1 m3 of air). For example, Japan’'s
environmental standard requires that the concentra-
tion of PM with adiameter of 10 um or lessmust have
adaily average value of 0.10 mg/m3 or lessand aone-
hour average of 0.20 mg/m? or less. When PM is
inhaled by humans, particles with a size of approxi-
mately 10 um are nearly all trapped by the windpipe,
while smaller particles are thought to penetrate deep
into the lungs where they are thought to have a more
serious effect on human health. Consequently, there
have also been recent moves towards monitoring the
PM-2.5 or PM-1 concentrations (i.e., the concentra-
tions of PM particles with an aerodynamic diameters
of 2.5 or <1 um).

The large amount of dust generated by an open pit
mine is clearly a major source of PM. Moreover,
when heavy metal mineral resources are being mined,
the dust’s toxicity must also be considered, so it is
important to deal with dust for various reasons.

Itisnot easy to completely prevent dust from being
generated. However, to minimize the effects of dust
dispersal on the surrounding environment, CODEL -
CO is considering regulating work depending on the
weather conditions. We therefore decided to under-
take continuous dust measurements with a networked
system of dust sensors to obtain a quantitative evalu-
ation of the amount of dust around the mine. NTT
Energy and Environment Systems Laboratories had
already developed a cedar pollen forecasting system
consisting of atmospheric simulations and a network
of pollen sensors[3]-[6], so wewere ableto apply our
technology, know-how, and experience to the prob-
lem of dust sensing around mines.

The tests were undertaken with five dust sensors
situated in the region surrounding Chuquicamata
mine (Fig. 4). Monitoring was performed for more
than eight months. The dust concentration was mea-
sured at 30-minute intervals, and the resulting data
was sent via the Internet to Japan for analysis. This
allowed usto evaluate not only how the dust concen-
tration varied, but also how the dust sensors worked
in terms of performance, durability, and operability.
At the same time, we also monitored various weath-
er-related parameters such as temperature, humidity,
and wind speed/direction.

The main purpose of this joint study was to obtain
continuous measurements with the dust sensors.
However, since the sensors functioned well and pro-
duced large quantities of data, we also began looking
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Fig. 4. Dust sensing facility. The roofed black cylinder is
the measuring chamber of the dust sensor. The
box below it houses a controller and a data
collection device.

into the development of an atmospheric simulation
model. Smaller dust particlesare carried further inthe
atmosphere. Thefact that yellow sand from continen-
tal Asiacan betransported to Japan demonstrates that
dust can be dispersed over a very wide range by air
currents under certain atmospheric conditions. Based
on the results of this study, we aim to work towards
the development of a risk assessment system that
combines a dust sensing system with a simulated
assessment of exposure levels.

2.4 Wireless applications

A wireless application test was performed at the
Chuquicamata mine. There were two aims. One was
to construct a network for collecting video images of
several locations in the open pit to improve the effi-
ciency and safety of mining work with WIPAS (wire-
less | P access system) technology [9] and confirm the
performance of applications such as video transmis-
sion. The other was to check the effects of dust on the
transmission characteristics and long-term environ-
mental robustness of WIPASin adesert environment.
Wireless systems are suitable for an open pit whose
shape changes as a result of excavation because they
can be easily installed and/or moved.

Since WIPAS technology has been available in
commercial services such as B FLET'S since 2003,
the test was conducted on a practical use basis. Con-
sequently, the WIPAS equipment used in the test was
purchased by CODEL CO so that they could continue
using it after the test.

WIPAS is a fixed wireless access (FWA) system
that can provide broadband | P (Internet protocol) ser-
vicesat low cost. This system has certain advantages.
It offers afast data transmission speed approximately
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equal to that of optical services (peak wireless trans-
mission speed: 80 Mbit/s), compactness, and low
cost. Two topologies were used for the WIPASIlink: a
point-to-multipoint (P-MP) network composed of a
single access point (AP) and multiple wireless termi-
nals (WT), and a point-to-point (P-P) link composed
of two WTs communicating with each other.

The configuration of the test system is shown in
Fig. 5. One P-MP network (composed of one AP and
two WTs) and two P-P links are deployed in the open
pit, and the control center and four remote monitoring
locations are connected by the WIPAS. Cameras are
deployed at three of these locations. At the fourth
location, the WIPAS equipment is connected to wire-
less LAN (local area network) equipment, which is
connected to the corresponding wireless LAN equip-
ment on alight truck with a camerato provide mobil-
ity. The resulting video images are monitored in an
office connected to the control center by an optical
fiber.

In the test, the received signal power and error per-
formance were continuously measured to investigate
any long-term variationsin thisdata. Theinfluence of
dust created by wind and blasting was examined
through continuous measurement. Moreover, contin-
uous video monitoring using the WIPA S network was
achieved.

The received signal power in the WIPAS networks
remained stable during the test period with no degra-
dation in the error performance, even during periods

H

3 km
Open pit

04/

of high dust concentrations. In addition, the remote
video monitoring operated smoothly from all of the
locations, including the video from the camera
mounted on the light truck.

Based on these results, CODEL CO was impressed
with WIPAS's high-speed transmission performance,
reliability, stability, simple installation, and superior
environmental robustness.

The test has been continued to determine both the
long-term stability of the received signal power and
error performance in the WIPAS networks and the
video monitoring performance.

3. Future prospects

In this article we outlined the four themes of our
joint feasibility experiment. To date, we have not
experienced any major technical problems, despite
being initially concerned about severe environmental
conditions such as the high temperature of the open
pit mine, the humidity of the underground mines, and
the dusty atmosphere.

The experiment was completed in December 2005.
We are now analyzing the data with CODEL CO
before writing up the results in a report. We expect
NTT’s technology to enable CODELCO to achieve
better business efficiency. Furthermore, NTT can
now look forward to awider range of markets for its
technology than originally envisaged. We hope to
deploy the same techniques at other mines.
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Fig. 5. Configuration of wireless application test system.
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