COMMS & TRACKING

A REVIEW OF UNDERGROUND COAL MINE EMERGENCY

COMMUNICATIONS AND TRACKING SYSTEM INSTALLATIONS
An early 2014 NIOSH review found 306 active U.S. underground coal mines using 13 different leaky feeder

or node-based post-accident communications systems and 12 different electronic tracking systems

BY NICHOLAS DAMIANO, GERALD HOMCE AND RONALD JACKSHA

The 2006 Mine Improvement and New Lmergency Response
Act of 2006 (MINER Ac() required all underground coal mines
in the U.S. 10 have a plan (o provide post-accident communica-
tion and electronic tracking for any mine workers trapped
underground,

In response, post-accidenl cominunications and electronic
tracking (emergency C1) technologles designed to meet MIN-
LR Act requirements have been developed by various manu-
facturers and approved for permissibility by the Mine Safely
and llealth Administration (MS11A), meaning they may be
used safely in coal mines that may have gassy or dust-laden
atmospheres. As a result, more than a dozen differenl emer-
gency C1 systems have become available for U.S. underground
coal mining.

The National Inslitute for Occupational Safety and Health
(N1IOSH) recently conducled a review of the laiest MSHA-
approved ELmergency Response Plans (LRPs) for each active
underground coal mine on file as of February 2014 to identify and
characterize Lhe lypes ol emergency CT systems installed. This
review pertains only to C1 systems installed underground for
emergency purposes, and does not include any CT systems
inslalled or uscd for non-cmergency situations, such as commu-
nications for everyday operations.

Note that identifying emergency CT systems and their sys-
lem components can become complicated because some man-
ufacturers use components manufactured by other companies.

In addition, the systerns and their various components will often
have different MSHA approval numbers associated with them,
Accordingly, for sirmplicity, the overall emergency CT system name
listed in each ERP has been utilized for this review,

The key requirement for MINER Act-compliant communica-
tions systems is the capability to provide two-way, post-accident
communication with the surface for all underground personnel
via a wircless medium. This usually involves providing unteth-
cred portable communication devices, sometimes referred to as
handsets, carried by or available to mine workers as part of the
system. Other requirements include battery backup for linc-pow-
ered equipment, and permissibility for use in conditions where
mine ventilation has been compromised.

The MINER Act also requires electronic tracking systems that
determine the location of all personnel underground within
defined accuracies stated in Program Policy Letter (PPL) No. P11-
V-13; for example, to within 200 ft on working sections. Such
requirecments may necessitate a wireless device for each miner.
Requirements for backup power and permissibility are similar to
those for communications systems.
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Post-accident Communications

As of February 2014, there were 306 active underground coal
mines in the U.S., all using either leaky feeder or node-based
post-accident communications systems.

T.eaky feeder systems have heen around for many years, and
have been adapted since the MINER Act was passed to serve as
post-accident communications systems. They account for 44%
of the installed systems {Figure 1). Leaky feeder systems employ
a special type of coaxial cable to enable communications by act-
ing as both a transmission line and an antenna for communica-
tion with handsets and other partable devices.

Node-based systems are communications networks installed in
amine; each node is a processor-based device that can link to
untethered portable devices such as handsets, as well as to other
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Figure 1: Leaky feeder versus node-based post-accident communications systems.
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Figure 2: Communications and tracking systems by the same or different
manufacturers.
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nodes. Node-based systems may be wired or wireless. As the names
imply, wired systems primarily use physical connections between
nodes for transmission of communication signals, while wircless
systems primarily employ radio links between nodes. Although not
common before the MINER Act, node-based systems currently
account for 56% of the systems installed in U,S mincs, Furthermore,
a little more than 60% of these node-based communications sys-
tems are wireless, These systems usually do not rely on any physical
wired connection for communication from underground to the sur-
face. Also, among node-based systems in scrvice arc examples that
use both wired and wireless links between nodes, as well as some
systcms capable of operating as a wired network under normal
operating conditions and automatically transitioning to wireless
operation if the wired connections are compromised.

Electronic Tracking

Most electronic tracking systems determine location by using
either communications system nodes or dedicated “readers”
installed at known locations underground. These nodes, or read-
ers, detect and recognize uniquely identified electronic devices
worn by miners. These electronic identification devices are gen-
erally one of two types — “tags” or “integrated handsets." Tags
provide a continuously repetitive signal. or “beacon,” which is
detected by a node or reader.

Many handsets used for post-accident communication sys-
tems have tag capability integrated into the device itself, thus
eliminating the need for a dedicated tag. It a tag or handset is
detected hy more than one node or reader simultaneously, soft-
ware algorithms use the detected signal strength or difterential
signal rime of arrival berween the nodes or readers to approxi-
marte the locarion of the tag or handset. Tracking information
from the readers is typically transmitted to the surface over some
part of a communications system.

About half of 1J.S. underground coal mines use the same man-
ufacturer for electronic tracking as they do for post-accident
communications (Figure 2). In many of the instances where the

Table 1 — All Underground Emergency CT Systems

Manufacturer ERP

Full Name _Abbrev. System name(s)
Leaky Feeder Systems

Becker Varis Varis Smart Com 150/450
Kutta Radios Kutta DRUM 1008
*Mine Radio Systems MRS Flexcom
*MineCom MineCom MCA 1000/2000
Tunnel Radio of America TRA Ultracomm/MineAx
Wired Node-Based Systems

American Mine Research AMR Mine Net
Matrix Design Group Matrix METS 1.0/2.1
Mine Site Technologies MST IMPACT
Northern Light Tech. NLT InfoMine
PBE Group PBE Tracking Boss
Wireless Node-Based Systems

Active Control Technology ACT Active Mine
Innovative Wireless Tech. IWT Sentinel/Accolade
Strata Products Worldwide Strata CommTrac
Venture Design Group Venture MineTracer

*MineCom and Mine Radio Systems are now a part of PBE Group
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Figure 3: All emergency communications and electronic tracking systems by
number of installations.

mine is using the same manufacturer for both CT requirements,
the tracking technology is often integrated directly with post-
accident communications through the use of a handset with
tracking built right in.

System Manufacturers

This review showed there are 13 manufacturers of post-accident
communications systems currently used in 1J.8. underground coal
mines; five produce leaky feeder systems, four make wired node-
based sysrems, and four supply wireless node-bhased systems.

A total of 12 manufacturers supply electronic personnel
tracking systems used in U.S. underground coal mines. Five
manufacturers use tracking tags in conjunction with a leaky
feeder communication infrastructure, and three use either
tracking-capable handsets or tags as part of a wired node-
based system. The remaining four systems provide tracking
through an integrated wireless node-based communications
system using either tags or handsets with tracking capability.

The accompanying table (Table 1) lists the manufacturers of
currently used emergency CT systems, and includes the names
under which their systems are marketed. The chart praovided
(Figure 3) shows the number of systems in service for each
manufacturer.

Eight years after passage of the MINER Act, past-accident CT
in U.S underground coal mines has evolved to a point where a
number of systems based on a variety of CT approaches and
technologies are available to mine operators. These advances are
expected to greatly enhance miner safety, and it is reasonable to
expect that emergency CT systems will continue to change and
improve as the underlying technology improves, and as manu-
facturers adapt their systems to better serve the needs of the
mining industry.

The findings and conclusions in this review are those of the
authors and do not necessarily represent the views of NIOSH, The
mention of any company or product does not constitute an
endorsement by NTOSH.

Nicholas Damiano, Gerald Homce and Ronald Jacksha are
researchers with the National Institute for Occupational Safety
and Healrh, Office of Mine Safety and Health Research.
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