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1. What are post-accident communication systems?

2. Underground coal mines refuge alternatives (RAs)

3. RA communications

4. Summary
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In 2014, NIOSH conducted a review of coal mine emergency response plans

• 13 different leaky feeder or node-based post-accident communications systems



In 2014, 13 coal mine post-accident communications systems



2 different types of high frequency post-accident communications systems

1. Leaky feeder systems: cable acts as transmission line and antenna

2. Node-based systems: communication network of processor-based devices



NIOSH conducted 
signal attenuation 
measurements 
underground on 3 
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Three types of refuge alternatives are used in underground US coal mines 
for up to 96 hours
• Tent-type portable RA
- Inflatable tent contained within a rigid metal box
- Provide oxygen via compressed oxygen cylinders
- Largest holds up to 36 miners

• Rigid portable RA
- Rigid metal structure
- Provide oxygen via compressed oxygen cylinders
- Generally, hold fewer miners because of their size limitation

• Built-in-place (BIP) RA
- Permanent structures
- All BIP RAs in the US are outby and use boreholes or 

compressed air lines to provide breathable air
- Can be sized for a large number of miners



General test setup in the Experimental Mine



NIOSH performed signal attenuation measurements on a tent-type RA

Tent-type RA, 20-person
• 7700 kg
• Box: 4.5 m long by 1.7 m wide by 1 m high 
• Tent: 7.3 m long by 3.5 m wide by 1.7 m high
• PVC (polyvinyl chloride) coated fabric walls 

with air-filled neoprene support tubes

-



Little difference in signal with or without the tent-type RA

Portable Tent-type RA Signal Received



NIOSH performed signal attenuation measurements on a metal-type RA

Metal-type, 6-person 
• 5000 kg
• 5.25 m long by 2 m wide by 1.4 m high
• constructed of steel plates welded to a 

tubular steel frame 



Results for a metal-type RA in the Experimental mine 

• Results showed an average of 15 dBm
attenuation when the door was closed and 
latched

• The door’s seal may allow signal to enter 
the signal to enter the RA

• Researchers investigated placing a steel 
plate over the door to determine if this is 
the signal entry point

• Signal could not penetrate the RA when 
the door was completely covered by a steel 
plate



Results indicate that the door seal allows the signal to enter

Portable Metal-type RA Signal Received



NIOSH performed signal attenuation measurements on a BIP RA

Built-in-place RA, 60-person
• Constructed of two layers of solid concrete 

blocks and a steel double door
• Each block weighs 23 kg, 40 cm long by 19 cm 

wide by 14 cm high
• 13 m long by 6 m wide by 2.1 m high

-



Results for a built-in-place RA in the Experimental Mine 

• The BIP RA reduced the signal by an average of 14 dBm
• Higher frequency signals affected more than lower frequency signals



Results show the block wall attenuates the signal more at high frequencies 

Built-in-place RA Signal Received
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Summary for refuge alternative communications

• Signal attenuation is dependent on system frequency and RA type

• As expected, the tent-type RA had little impact on signal 

• The signal was on average 10 dBm higher than the other two RA 
types

• The metal RA reduced the signal 15 dBm on average

• The door seal was found to be the source of the signal entry into 
the RA and must be present to allow wireless signal into the RA

• The BIP RA reduced the signal by an average of 14 dBm

• Higher frequency signals affected more than lower 

-

-



Disclaimer: The findings and conclusions in this report are those of the author(s) and do not necessarily represent the official position of the National Institute for Occupational Safety and Health, Centers for Disease Control and Prevention. Mention of any company or product does not constitute endorsement by NIOSH, CDC.
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