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OverviewOverview
•• Underground mine environmentUnderground mine environment
•• Fundamental requirementsFundamental requirements
•• History of USBM ResearchHistory of USBM Research
•• Present state of communications in Present state of communications in 

U.S. coal industryU.S. coal industry
•• Examples of systemsExamples of systems
•• DiscussionDiscussion



Underground Mine EnvironmentUnderground Mine Environment
•• Dynamic Dynamic –– faces move >50 ft/dayfaces move >50 ft/day
•• Wet conditions, > 90% relative humidity, Wet conditions, > 90% relative humidity, 

corrosive water, dustcorrosive water, dust
•• Limited lineLimited line--ofof--sight due to pillars, sight due to pillars, 

undulations, entries following the coal seamundulations, entries following the coal seam
•• Potentially gassy (methane, other explosive Potentially gassy (methane, other explosive 

or toxic gases) or toxic gases) –– permissibility issue permissibility issue 
(MSHA)(MSHA)

•• Roof may break Roof may break –– entries may collapseentries may collapse
•• Every mine presents a unique environmentEvery mine presents a unique environment



Wired vs. wireless?Wired vs. wireless?
•• Wired communicationWired communication

–– Works well during normal operationsWorks well during normal operations
–– StationStation--toto--station  + paging phonesstation  + paging phones
–– Wires can get damagedWires can get damaged

•• Wireless communicationWireless communication
–– More flexibility:  Handheld or bodyMore flexibility:  Handheld or body--wornworn
–– Transmission limited by environmentTransmission limited by environment
–– Possible damage in explosion or firePossible damage in explosion or fire

•• Combination solutionsCombination solutions
–– Best of both systemsBest of both systems



Reliable CommunicationsReliable Communications
•• Roof fallsRoof falls

•• FiresFires
•• ExplosionsExplosions
•• MaintenanceMaintenance
•• Power failure Power failure –– battery?battery?
•• Interoperability Interoperability -- InterferenceInterference



Criteria beyond Criteria beyond ““simplesimple”” twotwo--
way voice communicationway voice communication

•• Easy portability (Easy portability (““cell phonecell phone””))
•• Individual addressability (Individual addressability (““cell phonecell phone””))
•• Group addressability (evacuation call)Group addressability (evacuation call)
•• Passive location of trapped minersPassive location of trapped miners
•• Transmission of vital signs (heartbeat)Transmission of vital signs (heartbeat)
•• Inclusion of remote areas such as bleedersInclusion of remote areas such as bleeders
•• Monitoring of sensors and equipmentMonitoring of sensors and equipment
•• Hazard alert functionality Hazard alert functionality 
•• Redundancy is criticalRedundancy is critical



Permissibility RequirementPermissibility Requirement

•• Coal mines are gassyCoal mines are gassy
•• Usually Intrinsically Safe (IS) or Usually Intrinsically Safe (IS) or 

Explosion Proof (Ex)Explosion Proof (Ex)
•• MSHA tests and issues certificationMSHA tests and issues certification
•• Additional requirements apply when Additional requirements apply when 

using communications equipment using communications equipment 
during emergenciesduring emergencies



Communication Signal PathsCommunication Signal Paths

•• Hard wired Hard wired –– twisted pair, coax, leaky twisted pair, coax, leaky 
feeder, Ethernetfeeder, Ethernet

•• Trolley cableTrolley cable
•• Wireless Wireless –– walkiewalkie--talkies, modems, talkies, modems, 

repeaters, etc.repeaters, etc.
•• Fiber opticsFiber optics



UG Coal Mines Present Unique Challenges UG Coal Mines Present Unique Challenges 
to Radio and Wire Signal Propagationto Radio and Wire Signal Propagation

•• Electrical properties of coal attenuate Electrical properties of coal attenuate 
certain frequencies more than otherscertain frequencies more than others

•• Harsh environment presents Harsh environment presents 
challenges to designchallenges to design

•• Mines are dynamic Mines are dynamic 
•• Various interference sources: Various interference sources: VFDsVFDs, , 

trolley, HV power cables & switchgeartrolley, HV power cables & switchgear
•• What works in one mine may not work What works in one mine may not work 

in the neighboring minein the neighboring mine



Where Are We NowWhere Are We Now
•• Physical limits of signal propagation Physical limits of signal propagation 

unchangedunchanged
•• Computerized, digital technology Computerized, digital technology 

creates creates ““smartersmarter”” systemssystems
•• Size has become smallerSize has become smaller
•• Better signalBetter signal--toto--noise ratiosnoise ratios
•• Improved peripherals (keyboards, Improved peripherals (keyboards, 

displays, earpieces, etc.)displays, earpieces, etc.)



Frequency SelectionFrequency Selection
•• 600600--3000 Hertz 3000 Hertz –– best for Throughbest for Through--

TheThe--Earth in VF BandEarth in VF Band
•• 300 300 –– 600 kilohertz 600 kilohertz –– excellent excellent 

parasitic propagation in MF Bandparasitic propagation in MF Band
•• 27 MHz 27 MHz –– very poor propagation in very poor propagation in 

HF BandHF Band
•• 150, 500, 900 MHz 150, 500, 900 MHz -- 2.5 GHz: better 2.5 GHz: better 

for linefor line--ofof--sight, can turn 1 or 2 sight, can turn 1 or 2 
crosscutscrosscuts



Cable Protection SchemesCable Protection Schemes

•• Armor or conduitArmor or conduit
•• BuryingBurying
•• BoreholeBorehole
•• LoopLoop--AroundAround
•• Redundant cablingRedundant cabling



UG Wireless Signal UG Wireless Signal 
Propagation Propagation 

•• LineLine--ofof--sightsight
•• Parasitic propagationParasitic propagation
•• ThroughThrough--thethe--earth (TTE)earth (TTE)



ThroughThrough--thethe--Earth (TTE)Earth (TTE)

•• Requires no cabling between surface Requires no cabling between surface 
to underground to underground 

•• A portable or personA portable or person--worn TTE worn TTE 
system has advantages over system has advantages over 
stationary systemsstationary systems



ThroughThrough--thethe--Earth SystemsEarth Systems
AvailableAvailable
•• FlexAlertFlexAlert –– 1 way, 1 way, 

portable,          portable,          
surface to UGsurface to UG

•• PED PED –– 1 way, 1 way, 
portable,          portable,          
surface to UGsurface to UG

•• TeleMagTeleMag –– 2 way, 2 way, 
Not portableNot portable

Under DevelopmentUnder Development
•• TramGuardTramGuard--

MinerTrackMinerTrack, , 
portable,               portable,               
UGUG--surfacesurface

•• Other, mostly Other, mostly 
similar systemssimilar systems



Research on TTEResearch on TTE

•• CSIR CSIR MiningtekMiningtek –– South Africa  South Africa  
–– trapped miner location device. trapped miner location device. 
–– 30 meters through rock.   30 meters through rock.   
–– Frequency of 2.9Mhz. Frequency of 2.9Mhz. 
–– ID coded belt buckle tag with LED, ID coded belt buckle tag with LED, 

buzzerbuzzer
–– Tested in gold mine Tested in gold mine 
–– Portable search unit developed.  Portable search unit developed.  
–– Commercial availability unknown.Commercial availability unknown.



Research on TTEResearch on TTE

•• University of Innsbruck University of Innsbruck –– Austria               Austria               
–– Beacon contained in a minerBeacon contained in a miner’’s caps cap--lamp.  lamp.  
–– Frequency less than 10 kHz.  Frequency less than 10 kHz.  
–– Range unknown. Range unknown. 
–– Field tested at Field tested at SchwazSchwaz / Tirol silver mine. / Tirol silver mine. 
–– High accuracy claimed.  High accuracy claimed.  
–– Commercial availability  unknownCommercial availability  unknown



Research on TTEResearch on TTE

•• Los Alamos National Laboratory/DOELos Alamos National Laboratory/DOE
–– Highly sensitive receiver, Highly sensitive receiver, 
–– Superconducting quantum Superconducting quantum 
–– interference devices (interference devices (SQUIDSQUID’’ss))
–– detecting 3 kHz signals to a depth of 600 detecting 3 kHz signals to a depth of 600 

meters.  meters.  
–– Field tested at the NIOSH Lake Lynn Field tested at the NIOSH Lake Lynn 

Laboratory.   Laboratory.   
–– Commercial availability unknown.Commercial availability unknown.



Research on TTEResearch on TTE
•• U. S. Bureau of Mines U. S. Bureau of Mines –– USAUSA

–– BeltBelt--worn beacon and audio receiver worn beacon and audio receiver 
–– PTO on capPTO on cap--lamp batterylamp battery
–– Surface handheld beacon receiverSurface handheld beacon receiver
–– Surface voice transmitter Surface voice transmitter 
–– Frequency of 600 Frequency of 600 –– 3030 Hz 3030 Hz 
–– Range Range –– tested to 1600 feet, possibly tested to 1600 feet, possibly 

deeperdeeper
–– Tested at 94 mines (documented)Tested at 94 mines (documented)
–– Commercial availability: A few Commercial availability: A few 

companies are using part of the system.companies are using part of the system.













Other UG Coal Mine Other UG Coal Mine 
Communication DevicesCommunication Devices

•• TelephonesTelephones
•• Pager Phones (Pager Phones (LoudspeakingLoudspeaking Telephones)Telephones)
•• TrolleyphonesTrolleyphones and Induction Phonesand Induction Phones
•• WalkieWalkie Talkies (in combination with other Talkies (in combination with other 

systems to extend range)systems to extend range)
•• Leaky FeederLeaky Feeder
•• Hoist Phones Hoist Phones 
•• Rescue Team CommunicationsRescue Team Communications
•• RFIDRFID
•• WiFiWiFi
•• VOIP PhonesVOIP Phones



TelephonesTelephones
•• Conventional telephone systems Conventional telephone systems 
•• Widely usedWidely used
•• Rugged and permissible.  Rugged and permissible.  
•• Multiplex over a single pair of wiresMultiplex over a single pair of wires
•• MultipleMultiple--conductor cablesconductor cables
•• Interface to public phone network Interface to public phone network 

(PBX)(PBX)



Pager PhonesPager Phones
LoudspeakingLoudspeaking TelephonesTelephones

•• Permissible, battery powered Permissible, battery powered 
•• Use single pair of wires.  Use single pair of wires.  
•• Loudspeaker for paging Loudspeaker for paging 
•• Operate as a party lineOperate as a party line
•• Phone loudspeaker selection Phone loudspeaker selection 

through special interface.through special interface.



Trolley PhonesTrolley Phones
Trolley Carrier PhoneTrolley Carrier Phone

•• Unique to the underground mining industry.  Unique to the underground mining industry.  
•• Still used in many mines with trolley haulage.Still used in many mines with trolley haulage.
•• Operate at 60 Operate at 60 –– 140 kHz using narrow140 kHz using narrow--band FM band FM 
•• The trolley wire is transmission medium.  The trolley wire is transmission medium.  
•• Inductive coupling devices improve range and Inductive coupling devices improve range and 

clarity     clarity     





WalkieWalkie TalkiesTalkies
•• ConventionalConventional

–– Typically VHFTypically VHF--UHF bands UHF bands 
–– FullFull--mine coverage requires leakymine coverage requires leaky--feeder cablefeeder cable
–– Max.  1000 feet lineMax.  1000 feet line--ofof--sight sight 
–– Capable of turning 1 or 2 crossCapable of turning 1 or 2 cross--cutscuts

•• SpecializedSpecialized
–– Unique coupling and propagation properties of Unique coupling and propagation properties of 

mediummedium--frequencies (MF)  signals near cables frequencies (MF)  signals near cables 
and rails.  and rails.  

–– May operate thousands of feet without May operate thousands of feet without 
specialized cables such as a Leaky Feederspecialized cables such as a Leaky Feeder



Leaky FeederLeaky Feeder

•• Acts as extended antenna for certain radio Acts as extended antenna for certain radio 
frequencies frequencies 

•• Cable layout requires specific designCable layout requires specific design
•• Signal leaks from cable and enters cable.  Signal leaks from cable and enters cable.  
•• Line amplifiers and repeaters compensate Line amplifiers and repeaters compensate 

for signal lossfor signal loss
•• Power may be limited for permissibility Power may be limited for permissibility 

reasons  reasons  



MF Parasitic Coupling and Re-radiation



Rescue Team CommunicationsRescue Team Communications

•• Most widely used: sound powered Most widely used: sound powered 
telephone typetelephone type

•• Cable doubles as lifeCable doubles as life--line for team line for team 
•• Originally developed by US Bureau of Mines Originally developed by US Bureau of Mines 

(1946)(1946)
•• Fundamentally unchangedFundamentally unchanged
•• More modern systems use MF and VHF More modern systems use MF and VHF 

technology without direct connection to technology without direct connection to 
lifelinelifeline



RadioRadio--FrequencyFrequency
Identification (RFID) TagsIdentification (RFID) Tags

•• Tracking and accountability Tracking and accountability 
•• Persons and assets Persons and assets 
•• Supported by Leaky Feeder, Supported by Leaky Feeder, WiFiWiFi, , 

and other wireless technologiesand other wireless technologies



Ethernet (TCP/IP)Ethernet (TCP/IP)

•• Internet communications protocolInternet communications protocol
•• Widely used for local area computer Widely used for local area computer 

networks (LAN)networks (LAN)
•• Increasingly implemented in Increasingly implemented in 

underground minesunderground mines
•• Employs a special twistedEmploys a special twisted--pair cable,  pair cable,  

fiber optic or Leaky Feeder cablefiber optic or Leaky Feeder cable
•• Wireless Ethernet gaining popularityWireless Ethernet gaining popularity



Wireless Fidelity (Wireless Fidelity (WiFiWiFi))

•• Wireless LAN (WLAN)Wireless LAN (WLAN)
•• Alternative to a hardAlternative to a hard--wired LAN wired LAN 
•• Airports, hotels, and other services offer Airports, hotels, and other services offer 

public access to public access to WiFiWiFi ““hotspotshotspots””
•• WiFiWiFi based communications systems based communications systems 

are available for underground mine useare available for underground mine use
•• Limited to lineLimited to line--ofof--sightsight



Wireless Mesh NetworksWireless Mesh Networks
•• WiFiWiFi or other data protocolsor other data protocols
•• ““HotspotsHotspots”” strategically placed throughout work strategically placed throughout work 

areaarea
•• Hotspot receives, transmits, or repeatsHotspot receives, transmits, or repeats
•• Redundant network design Redundant network design 
•• Dynamically reconfigures itself  (Dynamically reconfigures itself  (““LearningLearning”” and and 

““selfself--healinghealing””)  )  
•• No predefined signal pathways between the nodesNo predefined signal pathways between the nodes
•• Failure of any one node or closure of any one Failure of any one node or closure of any one 

signal path (due to loss of power or an event such signal path (due to loss of power or an event such 
as a fire or a  roof fall) has little impact on the as a fire or a  roof fall) has little impact on the 
whole network.  whole network.  



VOIP on Data NetworkVOIP on Data Network

•• Voice communications over a TCP/IP Voice communications over a TCP/IP 
data networkdata network

•• Special, cellSpecial, cell--style, digital telephones style, digital telephones 
available  available  



Cell PhonesCell Phones

•• Technology will work in an underground Technology will work in an underground 
coal mine.coal mine.

•• WiWi--FiFi enabled phones requiredenabled phones required
•• Requires wired or wireless infrastructure  Requires wired or wireless infrastructure  
•• Permissibility is an issuePermissibility is an issue
•• Technology changes quicklyTechnology changes quickly



Interoperability, InterferenceInteroperability, Interference
•• Multiple systems and signal typesMultiple systems and signal types
•• Other systems such as remote control and Other systems such as remote control and 

mine monitoring systems may interfere mine monitoring systems may interfere 
with communication systemswith communication systems

•• Different communication systems may Different communication systems may 
interfere with each otherinterfere with each other

•• Each system must be able to operate Each system must be able to operate 
without interferingwithout interfering

•• RF Interference from HV cables, VFD RF Interference from HV cables, VFD 
controllers, DC trolley power and stray controllers, DC trolley power and stray 
currentscurrents



System DesignSystem Design

•• Look at Look at ““bigbig”” picturepicture
•• Combine different technologiesCombine different technologies
•• Incorporate mine layoutIncorporate mine layout
•• Perform risk assessmentPerform risk assessment



SummarySummary

1.1. Wireless Through the EarthWireless Through the Earth
2.2. Other forms of electronic Other forms of electronic 

communicationscommunications
3.3. Technology needs updatedTechnology needs updated
4.4. Past developments may still have merit  Past developments may still have merit  
5.5. Interoperability and Interference Interoperability and Interference 



Questions or comments?


