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Disclaimer:

The findings and conclusions in this report have not been formally disseminated
by the National Institute for Occupational Safety and Health
and should not be construed to represent any agency determination or policy.




Introduction

The National Technology Transfer Center (NTTC) was asked by the National Institute for
Occupational Safety and Health (NIOSH) to identify the mines within the United States of
America that contain refuge chambers. Specifically, NIOSH requested that the following informa-
tion be included in this report:

1. Compile a listing of all underground mines in the United States that currently have
refuge chambers. The listing will include mine name, mine location, type of minc and
type of chamber.

2. Provide all relevant information on the design characteristics of the refuge chambers.
This would include size, construction information and any and all information related to
the chamber itself including communication systems, sanitation facilities, storage of food
and water supplies, etc.

3. Where possible collect design specifications including engineering drawings, location
within the mine complex and pictures.

The attached report summarizes the information that the NTTC was able to compile using primary
and secondary resources. A short summary outlines the research and information about compil-
ing methods as well as the limitations to the information provided. The remaining portions of the
report are summary tables containing the available information about the mines, refuge chambers,
and persons contacted during the research of this report. The report provides as complete a set of
information as possible given the constraints of time and manpower.

Definition of Refuge Chamber

In the United States, there are different terms used to describe what is termed in this report as a
refuge chamber. The reason for using different terms is to avoid MSHA Metal/Nonmetal mining
refuge chamber requirements. MSHA requires refuge chambers for mines that do not have sec-
ondary escape routes (Gary Gomez, MSHA South Central District). If a refuge chamber is
required, it needs to be connected to mine water lines, compressed air lines, and have two forms
of communication. A designated refuge chamber also is inspected by MSHA. For this reason,
mines that are not required to have refuge chambers will designate a safe area that can be sealed
from the rest of the mine and use a different term such as ‘designated place of safety.” By doing
this, the mine can avoid the MSHA requirements for refuge chambers.

For the purposes of this report, a refuge chamber is an area, place, haven or shelter within an under-
ground mine that can be sealed off from the rest of the mine in order to protect miners who are
unable to get out of the mine in an emergency. The shelter contains equipment (such as food, air,
water, first aid, communications, and sanitation facilities) that allow the miners to survive until they
can be retrieved or escape. Common words and phrases used to describe these places include mine
refuge, refuge chamber, mine safe haven, and designated places of safety (DPOS).
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Methodology

The initial phase of the research portion of this effort involved identifying mines and mining com-
panies that use refuge chambers. A preliminary list of mines containing refuge chambers was iden-
tified by searching internet sources (mine company web sites, mine association web sites, Mine
Safety and Health Administration (MSHA) web sites, and state mine-safety related websites) and
contacting agencies and persons with expertise in or knowledge of refuge chambers. Once iden-
tified, the agencies and people were contacted by email and/or telephone. The NTTC identified
the names of 54 mines that contain refuge chambers. NTTC also obtained specific information
on some of these mine’s refuge chambers from State mine inspectors, Federal (MSHA) inspectors
and industry contacts.

MSHA Headquarters also was contacted to determine if they had any mine refuge information.
MSHA indicated that a similar list of United States mines containing refuge chambers was being
compiled by the Applied Engineering Division (AED) of MSHA’s Approval and Certification
Center. NTTC and AED met to discuss and compare findings. AED obtained their information
from the MSHA District Offices (6 Metal/Non Metal and 11 Coal offices). The information they
compiled identified 28 mines that contained refuge chambers. They also knew that there were
approximately 50 mines in the US that had refuge chambers. This information supported the
information compiled by NTTC.

In order to avoid duplication of effort, the NTTC and AED began working together to compile a
list of contacts that could provide detailed information on mine refuges for the mines identified.
Initially, NTTC and AED attempted to obtain the contact information for company mine person-
nel involved in refuge chamber oversight (safety personnel, engineers, and executives). The AED
provided contact information for 28 mines and agreed to attempt to identify email addresses for 6
of those mines. The NTTC attempted to identify the remaining 26 mine contacts.

Specific information on the mine’s refuge chambers was primarily through direct contact compa-
ny personnel. The AED was restricted by federal law to contacting 9 mines. The NTTC was
tasked to obtain the information about the 45 remaining companies. At the time of this report sub-
mittal, mine refuge chamber information has been obtained for 40 of the 54 mines identified and
is included in Table 1. A listing of the states that do not have mines with refuge chambers is
included in Table 2. A total of 155 people were contacted by email and/or telephone to obtain the
information summarized in this report. This list is provided in Table 3.

Summary of Results

A total of 54 United States mines with refuges were identified. Of those mines, two no longer con-
tain a chamber, one may not have a chamber, and 19 mines are reported to have chambers but this
information is not confirmed. The NTTC was able to obtain more detailed information on the
remaining 32 two mines identified. There also was conflicting information on the types and num-
ber of chambers located within some mines. The attached Table 1 provides a complete summary
of the refuge information obtained for each mine identified.
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The total number of mines with refuge chambers is not certain because: 1. the mines identified
may be an incomplete list since all US mines were not contacted as part of this study; and 2. the
total number of refuge containing mines are subject to change. Current MSHA metal/non-metal
regulations require a mine or mine section to have a refuge chamber if there is only one egress
route. As mines develop new areas, it may be necessary to use refuge chambers as these areas
may not have an emergency escape route until development is complete. Additionally, mine com-
panies have begun to proactively require refuge chambers in their mines. For example, Newmont
Mining Company issued a corporate mandate requiring the installation of refuge chambers in their
mines by the end of 2006 (Matt Burwell, DEA Inc.).

Of the 54 mines identified, only 3 coal mines were identified as having refuge chambers. The
remaining mines were metal/non-metal. Mines that formerly contained chambers and mines that
indicated that they plan on installing chambers were included in the total number. The following
provides a complete breakdown of the mine types:

Mine Type  Number with Refuge

Coal 3

Gold 15

Copper 1

Lead/zinc 10 (possibly 12)
Limestone 3
Molybdenum 1

Oil Shale 1

Platinum 2

Potash 3

Radioactive

Storage 1 (unconfirmed)

Salt 4

Silver 4

Trona 4

Uranium 2

Total 54

The following provides a breakdown of what types of refuges were found in the mines:

Chamber Type Number of Mings
Built-in 11
Portable 20
Built-in and Portable 4
Unknown 19
Total 54
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The construction specifications for, and locations of, the built-in refuge chambers varied.
Generally, these chambers are constructed in drifts or excavated areas along a main escape route
or near an escape shaft. Typically, they have steel end-walls that have sealable steel doors seal-
ing the ends. Water, electricity, and compressed air are hard connected to the shelter and supplied
through the mines’ system. Many chambers have backup lighting, water, and air. Other construc-
tion methods include building a wooden structure and covering it with a coating of shotcrete. All
chambers had communication capabilites such as leaky feeder systems, mine pager telephones, or
radios. Summaries of the specifications for built-in chambers are included in Table 1.

Attachment A contains a presentation with pictures and general specifications for refuge chambers
in the Balmat Mine No. 4. Pictures of the refuge chamber in the National King Coal mine are pro-
vided in Attachment B.

The construction specifications for and locations of the portable chambers varied. They are typi-
cally located within a short walking distance of the work area. Portable chambers are either made
by the mining company, a local fabrication shop, or are ordered from refuge chamber manufactur-
ers. Their construction varied. The structures are typically of steel construction and are welded
onto pallets for ease of transport. They contain supplies including water and first aid. The sim-
pler units have sealing compound to seal doors and no stand alone supply of compressed air, and
limited supplies. The manufactured chambers have more supplies, are self sealing, and can con-
tain compressed air, monitoring equipment, toilets, and air scrubbing equipment. All chambers
had communication capabilities such as leaky feeder systems, mine pager telephones, or radios.
Summaries of the specifications for built-in chambers are included in Table 1.

Attachment C is a drawing and pictures of the DEA Round Chamber design and Attachment D
contains a drawing and pictures of the DEA 16-man chamber. A presentation providing general
specifications and photographs of the MineArc refuge chambers is found in Attachment E.

Limitations
When reviewing the data and results presented in this report, certain limitations need to be con-
sidered.

» Not everyone contacted responded to the inquiry.

» Information was obtained over a 2 month period. Additional time would provide more
robust information and allow the 19 companies that have not provide information due
to time constraints. Additional mines also might be identified given additional time.

« Two companies expressed concern over sharing information with NTTC. That number
may increase as the remaining 19 companies are contacted.

« MSHA is limited in the assistance they can offer NTTC. They are not permitted to
contact more than 9 companies without receiving special permission as Federal law
prevents them from performing a survey of more than 9 companies.
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Summary and Recommendations

The research outlined in this report provides the most comprehensive information on the use of
mine refuge stations in the United States. The number of mines utilizing some sort of refuge was
greater than initially anticipated and across a wide range of mining sectors. Due to the short time
requirements of this study, there is a probability that not all refuges have been identified and that
a large amount of information about known refuges can still be collected.

The information in the report includes responses from mine operators and MSHA received by
January 31, 2007. It is anticipated that additional responses to the NTTC inquires will be received
after this date and some mechanism should be developed to ensure incorporation of this addition-
al data. Therefore, the NTTC recommends that a follow-up project be established that allows for
the collection and documentation of this information. This project would be a low level effort over
a longer period of time to allow NTTC personnel to continue to interact with the mine operators
and MSHA technical personnel on issues related to mine refuge chamber developments and report
back to NIOSH.
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TABLE 1

UNITED STATES UNDERGROUND MINES KNOWN TO
CONTAIN REFUGE CHAMBERS
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TABLE 2

US STATES WITH MINES NOT KNOWN TO CONTAIN
REFUGE CHAMBERS




TABLE 2

US States with Mines Not Known to Contain Refuge Chambers

State Information Source Comments

Alabama Doniece Schlick With the exception of Tennessee, she is aware of no
Southeastern District metal/nonmetal mines with refuge chambers in this district.
MSHA Unknown if there are any coal mines with chambers.

Arkansas 1. Michael VanDorn, MSHA in 1. The State of Arkansas has only one underground mine
AR. and it has no underground shelter. - Michael VanDorn
2. Gary Gomez 2. No underground mines in Arkansas. - Gary Gomez
Safety Specialist
South Central District of MSHA.

California Steve Hart, Department of California has 5 underground mines. None of them have
Industrial Relations refuge chambers,

Connecticut MSHA Website No underground mines listed on website.

Delaware MSHA Website No underground mines listed on website.

Florida Ben Hart No undergreund mines in Florida.

Georgia Doniece Schlick With the exception of Tennessee, she is aware of no
Southeastern District metal/nonmetal mines with refuge chambers in this district.
MSHA There are no reported underground coal mines in Georgia

(MSHA Website).

Hawaii MSHA Website No underground mines listed on website.

Louisiana Willard Graham, MSHA in LA No refuge chambers in LA mines.

Maine Steven Greeley We have no active underground mines in Maine. All we
Supervisor, Occupational Safety |have is surface mining.
& Health Program, ME.
Department of Labor

Maryland William Wilson No underground metal/nonmetal mines with chambers.
Northeast Ristrict

Massachusetts MSHA Website No underground mines listed on website.

Minnesocta MSHA Website No underground mines listed on website.

Mississippi MSHA Website No underground mines listed on website.

New Hampshire |MSHA Website No underground mines listed on website.

New Jersey MSHA Website No underground mines listed on website.

North Carolina William Gerringer We have no active underground mining here in North
Chief, Mine & Quarry Bureau Carolina thus no mine refuge chambers. All mining
North Carolina Department of conducted in N.C. is surface metal/non-metal.
Labor

North Dakota MSHA Website No underground mine listed on website.

Ohio John Zants and Harold Plumiy John Zants and Harold Plumly responded indicating that
{Ohic DNR Mine Inspectors) there are no refuge chambers in Ohic mines at this time.

Oklahoma 1. Brian Goepfert The only metal/nonmetal mine in Oklahoma does not have
2. Gary Gomez refuge chambers. - Brian Goepfert
Safety Specialist One mine in OK and it has no refuge chamber. - Gary
South Central District Gomez
MSHA

National Technology Transfer Center

31 January 2007
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TABLE 2
US States with Mines Not Known to Contain Refuge Chambers

State

Information Source

Comments

Oregon

Gary Lynch, Oregon Department
of Geology and Mineral Industries

Currently, no underground mining in the state.

Pennsylvania

Joe Sbaffoni, Bureau of Deep
Mine Safety.

Called him on 1/4/07 and left message. Spoke with him on
1/8/07. He indicated that he was unaware of any chambers
in PA mines. PA has both limestone (10 -~ 12) and coal
mines (around 40 underground in western PA). Indicated
that | may want to ask larger coal companies (Consol,
Massey, etc.). Also, ask Penn Coal Association.

Rhode Island

MSHA Website

No underground mines listed on website.

South Carolina

MSHA Website

No underground mines listed on website.

South Dakota

Mike Cepak, Natural Resources
Engineering Director, Minerals
and Mining Program, Department
of Environment and Natural

No underground mines in operation.

Resources

Vermont MSHA Website One underground quarry listed. Dandy Quarry run by

Vermont Quarries Corp.

Virginia Carroll Green, Supervisor, To my knowledge-we don't have ANY mines with "refuge
Division of Mines, VA Dept. of chambers”.
Mines, Minerals & Eneray

West Virginia William Wilson No underground metal/nonmetal mines with chambers.
Northeast District
MSHA

National Technology Transfer Center

31 January 2007
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Attachment A

St. Lawrence Zinc, Balmat Mine No.4
Refuge Chamber Presentation




REFUGE CHAMBERS
ST.LAWRENCE ZINC CO., LLC
BALMAT MINE NO. 4 & MILL
MINE ID NO. 30-01185
NEW YORK




CHARACTERISTICS
There are seven refuge chambers
in place, five permanent and two
portable located at:

2 @ 2500 feet level — 1 permanent,
1 portable
2 @ 3100 feet level — permanent
1 @ 3500 feet level — permanent
1 @ 3700 feet level — permanent
1 @ 3900 feet level — portable
A refuge chamber is under con-
struction at the 4000 feet level




Two vertical shafts provide access for the mine.

The #2 shaft has a landing at the 2100 level and the
#4 shaft has a landing at the 3100 level. There are
drivable entries from the 4000 level to each shaft
landing.

The distance from the work areas to the refuge
areas varies from 700 to 1000 feet.

Each refuge chamber is provided with potable water
lines and air lines. Additional bottled water is stored
in each chamber.

Communications are provided to each chamber by
wired pager phones.

Each chamber is provided with toilet facilities and
first aid supplies.

Additional tools and materials are stored for sealing
purposes
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Permanent refuge chamber
at the 2500 level.




Additional emergency supplies stored
in permanent refuge chambers
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Portable refuge chamber




Inside view of portable
refuge chamber




Attachment B

National King Coal Mine
Refuge Chamber Pictures



















Attachment C

DEA Inc. Round Portable Refuge
Chamber
Drawing and Pictures
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Attachment D

DEA Inc. 16-Man Portable Refuge
Chamber
Drawing and Pictures
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Attachment E

MineArc Portable Refuge Chamber
Summary Presentation







Company Overview

+ MineARC Systems is involved
in providing solutions to under-
ground safety requirements
specialising in the mining and
tunnelling industry

*They are the world’s leading
developer and manufacturer of
underground Refuge Chambers
and have pioneered the carbon
monoxide scrubbing system for
underground use.




Features & Benefits

* Three Separate Systems
of Air Supply

- Carbon Monoxide and
Carbon Dioxide Scrubbing

« Air Conditioning System

- Full Battery Backup on all
Systems

- Totally Stand Alone for 36
Hours




Applications

« Underground Mining
*Tunnelling
‘Nuclear Waste Facilities

-Offshore Oil Platforms

MineARC Systems Refuge Chambers are installed in
Underground Metalliferous Mines throughout Australia as well as
Mines and Tunnels in Ireland, Indonesia, New Zealand and
Turkey.




The Chamber

The chamber is a purpose built Steel Chamber designed to
minimise the flow of air either into or out of the chamber once the
door and air valves are sealed.




The Chamber

« Constructed of 5mm steel plate fitted with a skid base and tow-
ing and lifting points.

« Painted internally with non toxic inorganic paint and externally in
industrial grade enamel.

« Escape Hatch
* Viewing Portal

« Internal & External Fire Extinguishers




Air Conditioning System

Refuge chambers must be cooled because the occupants them-
selves produce heat and as the heat accumulates it becomes a
serious problem.

Heat build up also occurs during the scrubbing of the air.

An Air Conditioning Unit is therefore a life preserving necessity in
a Refuge Chamber.




Air Conditioning System

- Air conditioning of the chamber is supplied by a split system air
conditioning unit operated by Mines Power under normal
conditions.

« Once the mine power fails a battery back up system will
automatically run the unit.




Scrubbing System

« The CO2 and CO Scrubbing system is in a self-contained unit
designed to clean air in confined spaces where human life needs
to be supported over a period of time, such as in Mine Refuge
Chambers.

« The purpose is to remove the Carbon Dioxide (CO2) and
Carbon Monoxide (CO) from the air in the Chamber, reducing the
risk of Carbon Dioxide and Monoxide poisoning, which can result
in loss of life




a Air Systems

The chamber is fitted with three separate breathing air supply
system:

- Filtered and silenced
Compressed Mine Air

- Medical Oxygen Cylinders

-« Oxygen Candle




Gas Detection System

A Gas Sampling Pump Kit is provided with the chamber to test
the Oxygen (02), Carbon Dioxide (CO2) and Carbon Monoxide
(CO) levels inside the Chamber. Testing the air is only required
when using the Oxygen Candle or the Medical Grade Oxygen
Bottles.




Electrical Systems

. The MineARC chamber is connected to an external 240-volt ac
supply.

. The electrical system incorporates battery backup so that the
chamber continues to operate normally even when Mine Power is
interrupted.




Contact Us

For more information please see our website at
www.minearc.com.au

Or for a copy of our animated CD email us
info@minearc.com.au

Contact us at:
MineARC Systems
274 Welshpool Road
WELSHPOOL WA 6106
AUSTRALIA
o~ Tel: +61 8 9333 4966
Fax: +61 80 9333 4900




