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Background

If a mine emergency disrupts the normal, 

established means for in-mine 

communication, miners taking shelter in a 

portable underground refuge alternative 

(RA) may not have any means to 

communicate their location and other 

potentially vital information to coordinate 

with others outside of the mine or 

approaching underground and thus 

contribute to their own rescue. Inflated 36-person refuge alternative 



Project Objectives - General

Demonstrate the technical feasibility of alternative means for 

reliable emergency communication between occupants of an 

underground RA with mine personnel on the surface and/or 

approaching rescue teams or occupants of other nearby refuge 

alternatives located underground.  



Project Objectives - Specific

• Identify necessary modifications to both RA construction and 

commercial communication systems.   

• Demonstrate possible means to address anticipated 

implementation hurdles:

• Capital and maintenance costs 

• Ease of use 

• Possible integration or parallel use with either existing in-

mine communications systems or those used during mine 

rescue operations.  



Technical Approach

Task 1:  Communication System Investigation 
• Catalog available mine communication systems

• Develop initial candidate equipment evaluation and use scenarios

Task 2:  Refuge Chamber Investigation 
• Develop census of portable refuge alternatives common in US coal mines

• Identify opportunities for communication equipment storage and installation

Task 3:  CONOP and Evaluation Methodology Development 
• Develop concepts of operations (CONOPs) for alternative emergency 

communication system use

• Develop field evaluation plans

Task 4: Equipment Field Evaluations 
• Surface sites

• Underground mine sites



Task 1: Communication System Investigation 

Underground Options 

• Hardwired Systems
o Pager phones

o Addressable telephones

o Trolley wire

• Radio Systems
o Node-based 

o Leaky feeder 

o Medium frequency

o Through-the-earth (TTE)

Vendor Radio System Type Market Share 

Innovative Wireless Technologies Node Based 24% 

Becker Electronics/Varis Mine Tech. Leaky Feeder 21% 

Strata Safety Products, LLC Node Based, TTE 17% 

Matrix Design Group Node Based 15% 

Mine Site Technologies Node Based 7% 

American Mine Research Node Based 5% 

Kutta Radios, Inc. 
Medium Frequency, 

Leaky Feeder 
5% 

NL Technologies Node Based 3% 

Venture Design Services Node Based 2% 

Tunnel Radio Leaky Feeder 1% 

 

2017 MSHA Underground Coal Mine Radio System Survey



Task 1: Candidate Radio Systems

Vital Alert 
Modified Canary 

Comm IS 
[VLF: 5 kHz]

(TTE and inductive)

Kutta Radios DRUM 
[Medium: 450 kHz] 

(inductive)

Innovative Wireless Technologies 
(IWT) Sentinel radio (left) and 

Portable Mesh Node (PMN) (right)
[UHF: 900 MHz]

(near line-of-sight) ]



Task 2: Refuge Chamber Investigation 

Strata Worldwide Steel Chamber ChemBio LifeShelter™ with tent inflated.

Portable Refuge Alternative Types

Manufacturer/
RA Type

ChemBio Eagle Shield MineARC Strata 
Worldwide

Approximate
Totals

Rigid Steel 0 ~40 ~20 50-60 ~120

Inflatable 130-150 0 0 ~950 ~1100

2018 Refuge Alternative US Installations



Task 3: CONOP and Evaluation Methodology 
Development 

Inflatable RA General Characteristics:

• Sealed service life: 5 years

• Very little exterior accessible storage

• Exterior communication connectors

• MSHA must approve modifications



TTE Communication Simulations

Task 4: Surface Site Evaluations

Inductive 
Communication



• Maximum 500-foot edge-to-edge separation for the largest Vital 
Alert TTE antenna configurations to enable two-way voice 
communication.  This distance diminished with smaller 
transmitter antenna geometries.

• Inductive coupling of the Vital Alert signals into a single, 2,500-
foot long continuous conductor grounded at each end 
demonstrated excellent voice communication

• Introduction of a 1-foot gap in the single conductor and/or 
removal of conductor ground eliminated Vital Alert 
communication.

Task 4: Surface Site Observations



• Inductive coupling of the Kutta Radios medium frequency signals 
into the 2,500-foot long continuous conductor also demonstrated 
excellent 2-way voice communication capability.  

• Introduction of a 1-foot gap in the conductor degraded but did 
not eliminate Kutta voice communication past that gap.

• Conductor grounding NOT required to enable communication

Task 4: Surface Site Observations (Continued)



Task 4: Mine Site Evaluations



Task 4: Mine Site Evaluations



Lateral, In-mine Communication

• Maximum Vital Alert two-way communication separation distance was 
1,250 feet when signals inductively coupled to the track ; maximum 
one-way communication was 850 feet without inductive coupling. 

• Robust Kutta two-way communication was demonstrated at the 
maximum evaluated distance of 1,500 feet.  Greater range would have 
been possible.

• Communication between IWT radios was possible along the primary 
escape way to a distance of at least 1,200 feet using a single PMN at 
the base station.  (A stopping in the entry prohibited IWT 
communication past 1,200 feet.)  

Task 4: Mine Site Observations



Through-the-Earth Communication

• No Vital Alert TTE communications could be established at a depth of 
700 feet with an MSHA-approved underground transmitter

• Subsequent modeling employing observed site conditions suggested a 
maximum communication depth of ~500 feet  with MSHA-approved 
equipment. 

Task 4: Mine Site Observations (Continued)



Both the Kutta Radios and IWT radio systems could allow sheltering 

miners to communicate with an advancing MRT.

Conclusions

Kutta Radios DRUM IWT Portable Mesh Node

Deployed 
Portable Mesh 

Node



Conclusions
Both the Kutta Radios and IWT radio systems could allow sheltering 

miners to communicate with an advancing MRT.



Lateral, In-mine Communication

• Develop quick, efficient, positive means to connect RA to 
nearby conductive mine infrastructure

• Evaluate effect on Kutta performance (if any) of multiple, 
parallel infrastructure connections

• Design and demonstrate protective storage enclosures for 
both the IWT and Kutta equipment

Proposed Additional Development



Through-the-Earth Communication

• Develop and demonstrate a hybrid system with ~1,500-foot 
range

• More powerful surface-to-underground VLF text messaging 
capability

• Underground-to-surface message response seismic
capability remotely operated from within the RA and 
capable of MSHA approval

Proposed Additional Development (Continued)
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Questions?

This study, AFC719-57,  was sponsored by the Alpha Foundation for 

the Improvement of Mine Safety and Health, Inc. (ALPHA 

FOUNDATION). The views, opinions and recommendations 

expressed herein are solely those of the authors and do not imply any 

endorsement by the ALPHA FOUNDATION, its Directors and staff. 

Disclaimer


