

















Mobile RA Questions

Purging....Is adequate purging
available?

Heat/Humidity...How to evaluate
chambers?

Time to enter through purging
rooms?

Psychological stress....How will
miners react for long periods of
time in tightly confined hot/humid
conditions?

Physiological stress....Will
confinement in tight quarters with
minimal motion cause physical
pain and discomfort?

Effect of water build-up on the
floor?

Will some miners decide to leave
after some period of time?

96-hour “Ticking clock”




Potential Advantages of BIP RAs

« 750 ft3/hr of air per occupant vs 1.32 ft3/hr of compressed O, per occupant
* Eliminate the need for CO purging and for CO, scrubbing

* Should eliminate heat/humidity rise problems in the RA

» High probability of communication system surviving

» More space per occupant resulting in improved ergonomic and psychological
conditions

= More space for additional food, water, medical and other supplies

« Greater probability of surviving secondary explosion

+ Significantly fewer operating requirements

* No 96-hour “ticking clock”....better for trapped miners and rescuers
= Number and order in which miners arrive at RA is less important

* Rescue borehole from surface can go directly into the RA







































Economic Drivers to Advance the Use of BIP RAs

» BIP RA designs are nheeded which
employ stopping and door systems
that are inexpensive enough to build
and leave in place or desighed to be
quickly and easily disassembled,
moved, and reassembled

* Novel BIP RA concepts are needed
that provide more space and
breathable air per occupant and can
be easily moved with the face

* Designs for a protected compressed
air line that supplies breathable air
to the RA occupants and can be
advanced with the face are needed.













Human Factors ConsiderationJ

* Integrate human limitations and
capabilities within specific
environment into technology
design
* Physical—e.g., hand strength
* Cognitive—e.g., ability to

process information under
duress

* Physiological—e.g., visual ability
in smoke



Refuge Alternative Objective

To provide mining stakeholders with
recommendations for improved design of
existing refuge alternatives related to:

— User Interface Design

— Use of Stretchers

— Space and Volume Requirements
— Food/Water Supply






User Interface Desigh Approa-l-

e Literature/Standards Review
— Human Centered Design Principles
— Human Factors Research
— International and Domestic Standards Organizations
— Military and Government Standards

e Manufacturer Visits

— 5 chamber manufacturers (Hard, Inflatable, Built-in-Place)
— Collected Written Material (Signage & Instructions)
— Measured Dimensions and Locations of Controls

— Evaluated Deployment Procedure and Operation



User Interface Desigh Recommendation

Operation Labels
Signage CcF))ntroI Labels Font, Size, Color, Contrast, Readability,
gnag Location, Amount, Format, and Content
Other Labels
Gauges
Handles
Levers ) . .
Choice, Force, Size, Spacing, Clearance,
Controls Selectors Location, and Orientation
Thumbwheels ’
Knobs
Buttons
Entries {Doors) Force, Size, and Location
. Font, Size, Color, Contrast, Readability,
Instructions Location, Amount, Format, and Content
Progression, Personnel Requirements, Types
DePonment of Actions, Number of Steps, Organization










Recommendations for Use of Stretchers

* Consider impact on airlock PPM with
stretcher use

—May need alternative purging practices

» Difficulty with 35 Ib. manikin suggests
failure potential with more realistic loads

—Improved door designs with consideration
for impact on purging



Space and Volume Needs

e Space and volume provided to each miner must
be sufficient to complete life sustaining tasks

* Requirement of 15 ft? of floor space per person
was evaluated

— Requirement likely to be increased to address he 1t
and humidity issues

— Influence of floor space and height on ability to
complete tasks still relevant to specific language
chosen in revised requirement language






Space and Volume Recommendations

* Configuration of floor space is not a significant
consideration in the design of RAs=> 15 ft* floor
space per person adequate

* Minimum allowable height identified as a
consideration

— Tasks that were achievable at 4’ were no longer
achievable at 2’






\pproach

— Standards Review
— NATO —conditions for submarines
— US Coast guard — lifeboat provisions
— |SO 18813 - survival equipment for rescue boats
— IMO - International Life Saving Appliance Code
— Literature Review
— Refuge environment studies
— Emergency ration criteria
— Army/Navy publications for heat stress control
— Institute of Medicine’s DRI and Al



Food/Water Supply Findings Examples

e Confusing instructions
requiring unnecessary
cognitive function while
under duress

* Water ration insufficient
to maintain proper
hydration—> electrolyte
imbalances can affect
cognitive and bodily
functions






Conclusion

* Using a human factors approach, numerous
opportunities for RA design improvement were
identified related to

— User Interface Design
— Use of Stretchers
— Space and Volume Requirements
— Food/Water Supply
* Majority of the improvements could be

implemented directly by the manufacturers with
minimal impact on existing RA design



Questions

www.cdc.gov/niosh/mining






OMSHR Conducted Testing to Answer Two Questions on Purge Roo s in RAs

* Does the current generation of mobile
refuge alternatives meet the
requirements of 30 CFR § 7.508 (c¢) (2)
which requires RAs to be capable of
purging the internal atmosphere from
400 ppm of carbon monoxide (CO) to
25 ppm?

» What is the relationship between the
concentration of noxious gases in the
mine atmosphere external to the refuge
alternative and the concentration that
will be present inside the refuge
alternative purge room following entry
of miners but prior to purging?
















Purge Room Contamination Test Findings

Contamination factor is
impacted by number of
individuals entering, size
of door, time door is open,
and purge room size

Had to account for SFg
carried into purge room in
test subject lungs

Number . . SF,
of Time to Daor $:;:fl_:l; $::;:;;‘; Contaminant
Chamber Subjects Enter, Size, (Empty), (Occupicd Ratio
Entering sec sq ft pﬂy ’ ) cuI;‘t. (Inside Airlock
Airlock o ’ vs. Outside)!?
Tent-type 1 20 4.25 57 54.2 0.20
Tent-type 1 20 4.25 57 54.2 0.20
Tent-type 1 20 4.25 57 542 0.26
Tent-type 1 20 4.25 57 54.2 0.28
Tent-type 1 20 4.25 57 54.2 0.29
Tent-type 3 36 4.25 57 48.5 0.39
Tent-type 5 38 4.25 57 42.9 .48
Tent-type 7 70 4.25 57 37.2 0.58
Rigid 1 15 950  153.5 150.7 0.05
steel
Rigid 3 28 950 1535 145.0 0.15
steel
Rigid 5 15 9.50 1535 139.4 0.18
steel
Rigid 7 31 9.50  153.5 133.7 0.25
stec)
Rigid 8 a2 950 1535 130.9 0.32
steel
Mock-up 1 12 6.70 102 99,2 0.07
airlock
Mock-up 3 17 6.70 102 93.5 0.12
airlock
Mock-up 5 21 6.70 102 87.9 0.16
airlock
Mock-up 7 25 6.70 102 82.2 0.19

airlock

























Demonstration of an Occupancy Derat ng
Strategy for Mobile Refuge Alternatives
used in Underground Coal Mines

* Objective: Demonstrate how to use test data in

conjunction with a validated thermal simulation model
to develop derating tables for a production tent-type RA

* Approach: Develop and demonstrate a method t 1at all
RA manufacturers can use to develop derating tables

* Approximately 15-month effort



Demonstration of this derating stri tegy
requires several intermediate step

Benchmark results with simulated miners versus “real” miners

Determine if method of varying heat input to represent RA at
less-than-full capacity affects results

Investigate effect of initial mine air and ambient temperatures

Perform in-mine testing for several capacities, ambient
temperatures, etc.

Develop and validate thermal simulation model and use
validated model to develop a derating table
























Need to define mine ambient temperature or
de-rating purposes, data collection in progre: s

* Examine temperature variations due to location, mine depth,
and/or mine geology

* Develop an “ambient” temperature that considers the strata
femperature

« Use measured temperatures with mine stratigraphy to examine
variation of RA capacities

Strata temperature probe w/ RTDs at 0”, 24", and 48” depths |

o









In-mine tests will be used to collect data with the
purpose of developing derating tables

* Heat input using simulated miners controlled by
automatic variAC to hold input power constant

* Tests conducted at several RA capacities, for example
100%, 75%, 50%

* Heat input will be varied by leaving non-powered
simulated miners in tent

* Elevated temperature test conducted with mine air
preheated by minimum of 10 °F



RA and mine will be thoroughly instrum :nted to

provide data to validate a thermal simulation
model and to develop derating tables

Air temperature and relative humidity measurements
within RA and in mine air

Condensation sensors within RA
Surface temperatures measured on outside of RA
Mine strata surfaces and temperatures with depth

Airflow in RA and within mine due to natural convection

www.cdc.gov/niosh/mining 5@ ! [TOSH



INTterior sensors

@ Simulated miner
averaging RTD

»  Temp/RH Sensor
Condensation sensor (roof)

Condensation sensor (wall)

Condensation sensor (floor)

Water tank & CO, scrubber heat

WBGT Array (DBT, WBT, BGT, AF)

Omnidirectional airflow sensor
RTD ribbon sensor (roof)

RTD ribbon sensor (wall)

RTD ribbon sensor (floor)



A thermal simulation model of the prod ict »n RA
in the EM will be developed and validated

* Develop model using proven techniques
— Mine strata modeled in 3-inch-thick layers
— Strata temperature at 6-foot depth assumed constant

* Validate model using OMSHR-collected test data

 Use both simulated miners and “real” miners for heat
iInput

* Develop derating table from 55°F to 75°% (finding max
number of miners so that RA interior is below 95 °F AT)

* Use temperatures and stratigraphy from cooperating
mines to examine RA capacity for real mines









Outline

1. RA regulations related to heat and humidity
2. Heat and humidity concerns with RAs

3. OMSHR research on RA heat buildup






and the exothermic RXN of the CO2 scrubber
« Miners assumed to generate 117+ watts per miner

 COZ2 scrubber system assumed to generate
— 50 watts per miner for lithium hydroxide
— 2/(.5 watts per miner for soda lime

 Heat input is a combination of sensible and latent heat
— Sensible (dry) heat raises the dry-bulb temperature
— Latent (wet) heat increases the relative humidity

— Both sensible and latent heat increase the apparent
temperature

1 Based on a “standard” 165-LB male with an assumed 80% rest and 20% moderate activity level






research

* Validity of the infinite-heat-sink assumption
— Used in the engineering calculations for initial approvals
— Subsequently used in some manufacturers’ test faci ties

* Lack of a standard test procedure to determine the

apparent temperature
— Test facility design, test facility thermal behavior
— Heat input method, dry heat only, dry heat plus moist ire
— Test start-up procedure
— Strategy for developing “derating tables”

* Development of an occupancy derating strategy for
warmer mines (>55 °F)



From 2008 to 2013, OMSHR conducted research
on multiple aspects of RAs with emphasis »n
purcsing and temperature rise

* Goal: Establish a scientific basis to determine the
apparent temperature in chambers under different
conditions

* Methodology: Create accurate models and execute a
robust experimental program to investigate specific
research questions to develop a standardized test

Note: HSRB approval could not be obtained for human subject testing






OMSHR conducted experiments to examine
several aspects of RA heat testing

Validity of infinite-heat-sink assumption for mines
* Influence of test facility on temperature rise

» Effect of including moisture on temperature rise
* Ability of tested RA to meet 95 °F AT limit

* Method to determine derated capacity for warmer
mines (>55 °F)







































Key Findings from 2013 OMSHR RA Reseat :h

Mine does not act as an infinite heat sink

Test facility affects air temperature rise inside RA
— AT was 16%-20% less in the high bay than it was in the mine

Including latent heat may reduce temperature rise

compared to sensible-heat-only tests
— AT was 10%-13% less for in-mine wet test than it was for the
In-mine dry test

RAs may reach the apparent temperature limit at lower
mine ambient temperatures than previously expected

Derated capacity tables can be developed using a
combination of physical testing and thermal simulation
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