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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. An initial report was submitted to
NIOSH on 15 February 2007. The information in that initial report included responses
detailing mine refuge chamber information from mine operators and MSHA received by
31 January 2007. Of the 54 mines identified as containing or having contained mine
refuge chambers, 19 mines did not respond with confirmation of and additional
information about their chambers.

The following report summarizes the information obtained from the remaining 19 mines,
as well as any additional mines identified as containing refuge chambers. Unfortunately,
5 of the mines identified during this study did not respond to provide detailed information
as of the submittal of this report. However, 4 of those mines were able to confirm that
they contained chambers.

The specifics of the original and subsequent NIOSH request are as follows:

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
mine 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 up to
9 September 2007 using primary and secondary resources. A short summary outlines the
research and information about compiling 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 secondary 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
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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 underground 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, designated places of safety (DPOS), gathering point, and staging area.

Methodology

The following section summarizes the methodology used to compile information for both
the first report and this report. The initial phase of the research portion of this effort
involved identifying mines and mining companies that use refuge chambers. A
preliminary list of mines containing refuge chambers was identified 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
identified, the agencies and people were contacted by email, telephone, or in person. The
NTTC identified a total 61 mines that reportedly contained refuge chambers. Of those 61
identified, 53 were confirmed as containing chambers. Specific information on these
mine’s refuge chambers were obtained from mining company representatives, State mine
inspectors, Federal (MSHA) inspectors and industry association 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 personnel 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.
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Specific information on the mine’s refuge chambers was primarily through direct contact
of company personnel. The AED was restricted by federal law to contacting no more
than 9 mines. The NTTC was tasked to obtain the information about the 52 remaining
companies. At the time of this report submittal, mine refuge chamber information has
been obtained for 57 of the 61 mines identified and is included in Table 1. Detailed
chamber information (including chamber specifications) was compiled for 53 of those
mines. A listing of the states that do not have mines with refuge chambers is included in
Table 2. A total of 184 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 61 United States mines were identified as possibly containing mine refuge
chambers. The NTTC was able to obtain detailed information on 57 of the 61 mines
identified and was able to confirm that 53 of the mines will have, currently have, or have
had chambers. A total of 47 mines were confirmed to currently have chambers, 4 mines
have had chambers, 2 mines will have chambers, 4 mines had no chambers, and 4 mines
had chamber information that was not confirmed. There was conflicting information on
the types and number of chambers located within some mines. The attached Table I

provides a complete summary of the refuge information obtained for each mine
identified.

The total number of mines with refuge chambers is not certain because: 1. the mines
identified may be an incomplete list because only those U.S. mines potentially with
refuge chambers were 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 companies 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 53 mines identified and confirmed as having chambers, only 3 coal mines were
identified as having refuge chambers. However, there were unconfirmed reports that
International Coal Group (ICG) had purchased 30 portable chambers for their mines.
With new state regulations being enacted (such as those in West Virginia), the number of
coal mines with refuge chambers is expected to increase. The remaining chamber
containing 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 of 53. Additionally, there were unconfirmed reports that two radioactive waste
repositories contained or were planning on installing chambers. The following provides a
complete breakdown of the mine types:
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Mine Type = Number with Refuge

Coal 3

Gold 15

Copper 3

Lead/zinc 10

Limestone 2

Molybdenum 1

Qil Shale 2

Platinum 2

Potash 3

Radioactive

Storage 2 (unconfirmed)

Salt 3

Silver 4

Trona 3

Uranium 2

Total 53 (excludes unconfirmed)

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

Chamber Type Number of Mines
Built-in 20
Portable 24
Built-in and Portable 6
Unknown/unconfirmed 3
Total 53

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 sealing 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 construction 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. Some mining companies
provided detailed summaries, photographs, and maps of their built-in refuge chambers.
This information is included in Attachments A through J.

The construction specifications for and locations of the portable chambers varied. They
are typically 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 manufacturers. 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 simpler units have sealing compound to seal
doors and no stand alone supply of compressed air, and limited supplies. The
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manufactured chambers have more supplies, are self sealing, and can contain 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.
Some mining companies provided detailed summaries, photographs, and maps of their
portable refuge chambers. This information is included in Attachments K through N.

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

e Not everyone contacted responded to the inquiry.

e People who agreed to provide information did not always provide information.

e Different sources provided varying accounts of the chambers specifications for
some of the mines.

e Some sources indicated that certain mines contained chambers and other sources
indicated the contrary. For some mines, the information was not confirmed by
actual mine operators.

e 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.

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.
There is a probability that not all refuges have been identified. The number of U.S. mines
and their requirement for refuge chambers is constantly changing. Therefore, every mine
in the US would need to be routinely contacted and respond to inquiries to maintain a
complete inventory.

The information in this report includes responses from mine operators, MSHA, and other
sources received by September 10, 2007. There were four mines that indicated they
would respond with detailed specifications and did not. They may respond after the
completion of this report. If additional information is received, it will be forwarded to
NIOSH.

National Technology Transfer Center 12 September 2007 Page 5 of 5



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
MSHA district.
Unknown if there are any coal mines with chambers.
Arkansas 1. Michael VanDorn, MSHA in | 1. The State of Arkansas has only one underground
AR. mine and it has no underground shelter. - Michael
2. Gary Gomez VanDorn
Safety Specialist 2. No underground mines in Arkansas. - Gary Gomez
South Central District of MSHA.
California Steve Hart, Department of California has 5 underground mines. None of them
Industrial Relations have refuge chambers.
Connecticut MSHA Website No underground mines listed on website. If
Delaware MSHA Website No underground mines listed on website.
Florida Ben Hart No underground 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
MSHA district. 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
Supervisor, Occupational we have is surface mining.
Safety & Health Program, ME.
Department of Labor
Maryland William Wilson No underground metal/nonmetal mines with chambers.
Northeast District
Massachusetts |MSHA Website No underground mines listed on website.
Minnesota 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 Plumly |John Zants and Harold Plumly responded indicating
(Ohio DNR Mine Inspectors)  |that there are no refuge chambers in Ohio mines at this
time.
lIOklahoma 1. Brian Goepfert The only metal/nonmetal mine in Oklahoma does not
2. Gary Gomez have 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

12 September 2007
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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.

[IPennsylvania

Joe Sbaffoni, Bureau of Deep

He indicated that he was unaware of any chambers in

Mine Safety. PA mines. PA has both limestone (10 — 12) and coal
mines (around 40 underground in western PA).
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, Do not have any mines containing refuge chambers.
Division of Mines, VA Dept. of
Mines, Minerals & Energy

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

National Technology Transfer Center

12 September 2007
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Attachment A

Barrick Goldstrike Refuge Chamber
Summary and Pictures
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BARRICK

The purpose of this document is to answer the following questions posed by NIOSH
concerning underground refuge chambers:

“If this or any other underground mine in the US that has refuge chambers.”

Barrick Goldstrike Mines Inc. currently has two underground, metal/nonmetal mines on the
Goldstrike property, being the Meikle and Rodeo mines. Each mine has refuge chambers.
Information concerning built in refuge chambers will apply to both mines. The Rodeo mine is
currently in the process of replacing two built-in refuges with portable refuges designed by Mine
Arc Systems.

“The type and specifications of the refuge chambers within the mine including:” |

number of chambers

The Meikle Mine currently employs seven refuge chambers; the Rodeo Mine
currently employs four refuge chambers.

Type of chambers (portable or built-in)
Meikle 925; Rodeo 4270 and 3920 levels portable; all other chambers are built in.

Location of Chambers

Meikle: 925, 1075, 1225, 1450, 1675, 3885 South Griffin, 4190 Griffin; Rodeo:
4270, 4100, 3920, 3620.




Pictures or diagrams of chambers

Built-in Refuges at the Meikle and Rodeo Mines

Airlock 02 Bottles

Page phone, land line, water, manometer  Monitoring systems, storage box



Portable Refuges at Rodeo

12 Man Refuge Control Panel

Air Conditioner Unit Air Scrubbers, exterior Air Con unit

Control Unit with CO2/CO scrubber ~ Oxygen bottles

All underground refuge chambers are equipped with air locks, mine phones,
landline telephones, sealing compound, chemical toilets, potable water, first

aid kits, manometers, mine air, and water. Through our underground control
system, we are able to monitor the temperature, humidity, and oxygen levels
inside the chamber.

The Mine Arc refuges are capable of all the above functions, as well as
scrubbing both carbon monoxide and carbon dioxide out of the interior
breathing air, and are provided with air conditioning units and oxygen
candles.



Each refuge, whether portable or built-in, is supplied to support 12 miners.

The built-in refuges are approximately 15°x15°x30’, ground support with 8’
friction bolts and 12’ swellex bolts, along with welded wire mesh panels, and
covered with shotcrete.

Information concerning construction of the Mine Arc refuges can be found at
WWwWw.minearc.com

The built-in refuges at the Rodeo mine have been used one time, following a
compressor fire in the Lower Rodeo. The miners were in refuge for nine
hours.

Ken Groves

Barrick Goldstrike Mines Inc.

Safety and Health Division

Underground Rescue Coordinator/Trainer
Work: 775-778-8975

Cell: 775-934-1623

Email: kgroves@barrick.com




Attachment B

BHP Billiton Refuge Chamber

Summary and Pictures




Response Email From: David Hales
Company: BHP Billiton

RE: Refuge chamber specifications in their San Juan Coal Mine. Mr. Hales responses
are provided in blue.

Date Received: 25 July 2007
Mr. Hales:

Thank you for your time to discuss BHP Billiton's escape shelters today by telephone. As
discussed, the National Technology Transfer Center (NTTC) has been tasked by the United
States National Institute of Occupational Safety and Health (NIOSH) to obtain information and
specifications on the refuge chambers (places of safety, escape shelters, safe havens, safe
areas, etc.) located in United States mines.

You indicated that BHP Billiton's San Juan Coal Mine contains 4 portable and 6 built-in escape
shelters. The specific refuge chamber information and details we are seeking includes the
following:

* number of chambers in each of your US mines
BHP Billiton has just one underground mine in the US. That one is at San Juan Coal Company
and is known as San Juan South. At San Juan South we have constructed 6 semi-permanent
shelters in our mine. Considered semi-permanent because the majority will at some point be
consumed by the longwall gob.

* types of chamber (portable or built-in) in each mine
We currently have two shelters constructed in the Mains. We also have 4 portable shelters
deployed at the mine. One portable shelter located on each working section and one used as a
spare and stored underground. The longwall gateroads have a shelter constructed at intervals not
to exceed 6000 feet. Typically two for the headgate and two in the tailgate.

* location of chambers and reasoning for placement
Constructed shelters are located at intervals not to exceed 6000 feet. This number matches the
distances identified for SCSR spacing. Original plans were to store the SCSR units inside the
structure to provide a fresh air location for miners to change out to a fresh SCSR device,
communicate with the surface, rehydrate, rest and make their plans to travel on to the next
shelter. New MSHA regulations prohibit storing the SCSR devices inside the shelters now
because the walls are not rated at 100 psi, something we cannot do nor do we believe is
necessary.

*  pictures or engineering drawings of chambers
There are no engineered drawings of the constructed shelters. These are located in the crosscuts
between two entries and are accomplished by the use of two walls made of solid concrete block
and hitched in place with the use of paksetter bags. The shelters are located out of the line of
anticipated blast forces to improve their ability to survive a blast. The portable shelters are made
by Kennedy and drawings would need to come from their shop.
I'll send some photos of each type in a separate email.

* construction specifications (materials, size, occupancy)
The portable shelters are of steel construction with a designed capacity of 20 persons. The
supplies in the portable shelters are intended to last 100 hrs.
The constructed shelters average 18 ft wide, 10 ft high and are up to 35 ft long. Each shelter is
supplied with air via a borehole to the surface. A communication cable is maintained in that
borehole as well. Emergency supplies are maintained at a minimum to provide supplies for 20
persons for 100 hrs. Additional food, water, medical supplies, etc. can be lowered down then
boreholes if necessary.

* communication systems




The shelters are provided with two-wire mine phone systems. One connected to the mine system
and one routed directly up the hole. We have two other communication systems that have at
least some functionality in the shelters, our leaky feeder radio system and our PED system.

* supplies (water, food, blankets, first aid, lighting, oxygen, air, etc)
All shelters have this equipment. Lighting capacity for when the cap lamps fail is provided by
chemical light sticks. The portable shelters have tanks of compressed air for purging the shelter
and oxygen tanks for extended stays. The constructed shelters are ventilated continuously by the
mine fan. Should that fan fail, we have portable blower fans and generators to continue to provide
air at a minimum of 90 CFM.

* air/water purifying systems
The portable shelters utilize a lithium hydroxide system for CO2 scrubbing. The constructed
shelters are ventilated via the mine system and have no purifying system. Potable water supplies
are provided in each shelter. No water purification systems are utilized.

* sanitation facilities
Shelters have toilet bags and disposal containers.

* monitoring equipment
Supplies of stain tubes are maintained in the shelters. Nearly every mine carries a multi-gas
detector and spare batteries are maintained in the shelters for emergency use.

* Length the chamber can be occupied
Air calculations indicate the constructed shelters could sustain in excess of 20 persons
indefinitely. The portable shelters are designed to last 100 hrs and can be attached to a borehole
for extending their use.

* Has chamber been used in emergency/what was outcome of use.
Shelters have only been utilized in escape drill activities.
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Attachment C

Climax Molybdenum Refuge Chamber

Summary and Pictures




- COLORADO OPERATIONS
2~ Climax Molybdenum ,
A Freeport-McMoRan Company Henderson Mine
P.O. Box 68
Empire, CO 80438
Phone (303) 569-3221
Fax (303) 569-2830

September 5, 2007

Malcom Webster

Technology Specialist

National Technology Transfer Center
316 Washington Avenue

Wheeling, WV 26003

Dear Mr. Webster:

| am writing in response to your request for information on the refuge chambers that are in
use at Climax Molybdenum Company’s Henderson Mine in Empire Colorado. You
requested the following information:

number of chambers

types of chamber (portable or built-in) in the mine

location of chambers and reasoning for placement

pictures or engineering drawings of chambers

construction specifications (materials, size, occupancy)
communication systems

supplies (water, food, blankets, first aid, lighting, oxygen, air, etc)
air/water purifying systems

sanitation facilities

monitoring equipment

length the chamber can be occupied

whether chamber been used in emergency, and the outcome of use

*® @ ® @ @ e @ o @ o @ L]

In response to your request, Henderson submits the following information. Please contact
me at 303-569-3221 x1341 or at Christopher Rose@FMI.com with any questions that you
may have.

Number and Location of Refuge Chambers:

The Henderson Mine currently maintains five refuge chambers on five separate mine
levels. We have selected these locations due to their close proximity to large
concentrations of miners and distance from the caving process. Henderson’s mining
method is panel caving; refuge chambers are located a sufficient distance from the
cave to ensure long term stability.
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They are located on the following levels (measured in feet above sea level):

e 7700: previous production level; now support operations, offices, exploration
drilling, training facilities, mobile maintenance shop

7500: maintenance shops; pumping and dewatering facilities

7210: current production level, development activities, exploration drilling
7175: mobile maintenance shop

7065: haulage level, crusher, conveyor

Construction of Refuge Chambers:

All five active refuge chambers are built-in construction, developed in mined
excavations. Ground is supported with rock bolts, wire mesh, shotcrete, and either
concreted bulkheads or concrete block bulkheads. Three are dead-end rooms
containing one access door. Two include access to a secondary escapeway. All
refuge chambers have hard-piped compressed air and fresh water. Refer to the
attached drawings for sizes and other details.

Supplies:
Each refuge chamber is supplied with the following emergency materials:

stopping material

hand tools

wedges

duct tape

rags

first aid supplies

blanket

water (minimum of 6 gallons)

Meals Ready to Eat (MREs; 50 ‘family size”)

multi-gas monitors (Oz, CO, LEL)

locker for secure storage of the above supplies (knock-off lock)
portable toilets, toilet paper, privacy screen for the toilets
oxygen cylinders (3 at approximately 600 ft°) and regulator
emergency procedures manual
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Communications:

Each refuge chamber has a land line phone, a battery powered Gaitronics phone,
and in most cases, a computer for communications. Henderson also uses a leaky
feeder radio system for communications between employees in work areas
underground; this system also provides communication between the surface and
underground.

Occupancy:

Henderson refuge chambers are generally designed to accommodate up to 50
miners under emergency conditions. The length that each could be occupied would
depend on the nature of the emergency and the actual number of people using the
facility. If compressed air and water lines were uninterrupted, the length of time that
they could be occupied would be limited only by food supplies. |f compressed air
were interrupted, supplemental oxygen cylinders would provide breathable air for
approximately 48 hours; more with fewer miners. If water were interrupted, bottled
water would last at least 48 hours. Considering the locations of the refuge chambers,
the non-combustibility of our host rock, and the careful control of fuel sources in the
mine, it is highly unlikely that these facilities would be needed for more than 48 hours.

Usage:

Henderson's refuge chambers have been used during emergency evacuation drills
and, in a few cases, as a precaution while evaluating a potential problem. They have
never been used under conditions where miners were required to seal themselves in
or use any supplies stored for emergency.

Sincerely,

Christopher L. Rose, MS,CIH
Health and Safety Manager
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7175 Refuge Chamber, our newest, has the most detailed drawing available. Drawings for the other four are

d equipment. Scale indicated on drawings is

on the following pages. These have similar construction an

incorrect.
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Attachment D

General Chemicals Refuge Chamber

Summary and Pictures




#6 Shaft Refuge Chamber Information

# Of Chambers: 1
Type of Chamber: Permanent built in chamber

Location and Reasoning of Placement: Located in fresh air next to the #6 intake airshaft.
This chamber is located in the general vicinity of 75% of our active workings.

Pictures or diagrams of chambers: see attached.

Construction specifications (materials, size, occupancy): Both ends are constructed of
reinforced metal stopping material which is foamed to ensure that it is gas tight and the
sides are trona (pillars). 18.5” wide x 132” long x 9.5 tall (23,200 cubic feet).

Communication systems: Gai-Tronics Corp. Permissible dial / page phones and leaky
feeder radio system.

Supplies (water, food, blankets, first aid, lighting): Bottled water (60 gallons) and water
line, blankets, first aid supplies (bandages, antibiotic ointment, eye wash, analgesics,
antiseptic wipes, gauze, triangular bandages, etc.), hand tools, stopping materials, foam
packs to foam mandoors/stoppings, scaling bar.

Air/water systems: Have compressed air lines and water lines piped directly into the
chamber. The compressed air lines come from the surface down #6 shaft so they force
fresh air into the chamber via an air compressor. The water lines also come from the
surface down #6 shaft.

Sanitation: Porta potties

Monitoring equipment: Foremen carry Industrial Scientific ITX multi-gas meters that
monitor for methane, CO, and Oxygen. We also have drager bellows pump with oxygen,

carbon monoxide, ammonia, and carbon dioxide tubes.

Has chamber been used in emergency: No

M20 Staging Area Information

We also have a “staging area” in the vicinity of the other 25% of our active workings.
This staging area consists of an enclosed area of approximately 100,000 cubic feet. This
area is stocked with first aid supplies, suitable stopping materials, foam packs, porta
potties, bottled water, hand tools, Gai-Tronics Corp. permissible dial / page phone and
leaky feeder radio system, drager bellows pump and tubes for oxygen, carbon dioxide,
ammonia, and carbon monoxide, as well as lithium hydroxide curtains for CO2. We have
a bore hole location surveyed on the surface for drilling a borehole to supply food, water,
and air. This borehole is also marked within the staging area. This staging area has
adequate air and supplies to sustain 20 employees for 6.5 days.



#6 Shaft Refuge Chamber and M20 Staging Area Diagrams
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#6 Shaft Map & Supplies

#6 Shaft Refuge Entry




#6 Shaft Stopping (Inside)

#6 Shaft Stopping (South)



#6 Shaft Tools & Supplies
#6 Shaft Water
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Entry to M20



M20 1% Aid Supplies

M20 Entry from inside




M20 Borehole location




M20 LiOH Curtains 2

M20 Mine Map
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Hutchinson Salt Company
Refuge Chamber Pictures
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Front door
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Intrepid Potash Refuge Chamber

Summary and Pictures




Intrepid Potash — New Mexico, LLC
210 Red Cloud Road / P.O. Box 101
Carlsbad, NM 88220

POTASH | Alex Tamm - Junior Mine Engineer
Phone: 505-234-3810

Fax: 505-887-0929

e-mail: alex.tamm@intrepidpotash.com

To:  Malcom Webster — Technology Specialist
National Technology Transfer Center
316 Washington Avenue
Wheeling, WV 26003

Mr. Webster,

In response to your January 12, 2007 request for information about our West
Mine and East Mine refuge chambers, this document has been prepared with the most
current information possible. I hope that this answers all of your questions and assists
with the NTTC’s research project. If you have further questions or are unclear about
something in the document, please do not hesitate to contact me.

Sincerely,
Alex Tamm
Intrepid Potash — New Mexico, LLC

Enclosures: ten (10) page document




e Are there other mines with refuge chambers?

Yes. Intrepid has four mining properties in this area: West, East, North, and HB
Potash. However, only the West Mine and East Mine are operating and have personnel
underground. Data on the refuge chambers for the inactive HB Potash and North Mine
properties is not readily available and most certainly any lists of contents are outdated.

e Types of chambers in each mine.

Both the East Mine and West Mine refuge chambers are built-in, being areas cut out
of the ore with a continuous miner.

e Location of refuge chambers in each mine.

East Mine: Located ~1,500 ft travel distance from utility hoist (primary escape point)
in the main shop area of the mine. New Mexico State Plane Coordinates (of door) =
712,398 ft E / 547,080 ft N. Please see figure 1 for a general mine map of area.

West Mine: Located ~400 ft travel distance from production hoist (secondary escape
point) near the production shaft area of the mine. New Mexico State Plane Coordinates
(of door) = 663,319 ft E / 542,639 ft N. Please see figure 4 for a general mine map of
area.

e Engineering drawings and/or pictures of each refuge chamber
The following figures can be found at the end of this document.

Figure 1 — General mine map showing East Mine refuge chamber (and dimensions).
Figure 2 — Photograph looking into East Mine refuge chamber from door.

Figure 3 — Photograph of steel bulkhead and East Mine refuge chamber door from
outside.

Figure 4 — General mine map showing West Mine refuge chamber (no dimensions).
Figure 5 — Drawing showing West Mine refuge chamber dimensions.

Figure 6 — Photograph of steel bulkhead and West Mine refuge chamber door from
outside.

Figure 7 — Photograph looking at West Mine refuge chamber door from inside chamber.

e Has a refuge chamber been used and if so, what were the results?

Fortunately a refuge chamber has not had to be used at either the Intrepid East Mine
or West Mine.




e Specifications of refuge chambers including:
1. Construction materials. size. and occupancy

East Mine: Chamber area is driven into pillar; walls, back, and floor are made of
potash/salt. All bulkheads, doors, and regulators are made of steel. Average width is 27 ft
with an average height of 7 ft. The main entrance is a ~6ft x 6ft door on the south end of
the refuge chamber and a secondary entrance/exit of an adjustable 3ft x 4ft regulator on
the north side of the chamber. Total area is ap?roximately 5,330ft? with an average height
of 7ft for an approximate volume of 37,310 ft".

West Mine: Chamber area is driven into pillar; walls, back, and floor are made of
potash/salt. The single door is made of steel. As seen in figure 5, the chamber has a width
of 31.5 ft, length of 58.0 ft. With an average height of 7 ft and area of 1,827 ft*, this
refuge chamber has an approximate volume of 12,789 ft’.

2. Contents of chamber (food and water supplies, first aid, oxygen/air, blankets, etc.)

Table 1: East Mine

Quantity | Measurement | Item

2 17.5 gallon can | Drinking Water

12 Roll Toilet paper

2 18 Ibs can Crackers

2 25 1bs can Crackers

4 Each Flashlight

4 Each 12v cell Battery

2 Each Hammer

6 Each Shovel

1 Each Axe

2 Boxes 1.5v ‘D’-cell Battery

1 Each Drager Gas Tester

1 Each Hilti Powder Actuated Nail Gun
1 Box Nails

3 Box Powder Shells for Hilti Gun
1 Roll MSHA Black Tape

1 Can CRC Power Lube Oil

1 Tube CO Drager Pump Tube
1 Tube H,S Drager Pump Tube
1 Tube CO, Drager Pump Tube
20 4’ x 8’ Sheet Plywood

1 Roll Brattice (for blankets)

1 Bundle 6” x 8” Wood Blocks

2 Each SKIV Sanitation Kit

15 Bottle Oxygen

2 Each MSA First Aid Cabinets




1 25 kg can Sodium Hydroxide
1 Each 201b Fire Extinguisher

This refuge chamber also has multiple wooden benches, a compressed air line and water
line (both running from surface), and mine page phone.

Table 2: West Mine

Quantity | Measurement | Item
1 | Bundle Wooden blocks
1 | Bundle Wooden wedges
1 | Each Shovel
1 | Each Hand Saw
1 | Each 4 pound hammer
1 | Each Pick Hammer
1 | Box Foam to seal door.
1 | Each 20 1b. fire extinguisher
1 | Each Mine map and evacuation plan.
1 | Each Cabinet of first aid supplies.
4 | Each Blankets
1 | Each Oxygen detector battery operated, with six spare batteries.
1 | Each Drager hand pump
1 | Box Carbon dioxide tubes for drager pump.
1 | Box Carbon monoxide tubes for drager pump.
1 | Box Nitrogen dioxide tubes for drager pump.
1 | Each Powder actuated nail gun.
1 | Box Box of clips.
2 | Box Powder charges for nail gun.
4 | Barrel 17 ' gallon barrel of water
2 | Box Medical kits.
3 | Box Cracker survival supplies.
1 | Box Toilet paper.
3 | 5 gallon jug Limepak (soda lime) CO, Absorbent
7 | Each Honey pots
12 | Each Bottles of Compressed Air (300 ft')

This refuge chamber also has multiple wooden benches, a compressed air line and water
line (both running from surface), and a mine page phone.

3. Air purifying systems

East Mine: Fifteen bottles of compressed air, one compressed air line (from
surface), one 25 kg can of sodium hydroxide.



West Mine: Twelve bottles of oxygen, one compressed air line (from surface),
four 5 gallon containers of Limepak (soda lime).

4. Communication system

East Mine: One standard MSHA permissible mine phone.
West Mine: One standard MSHA permissible mine phone.
5. Sanitation facilities

East Mine: 2 Civil Defense SK IV sanitation kits with privacy shelters. One fresh
water line from the surface.

West Mine: 7 honey pots, 1 box of toilet paper, and one fresh water line from the
surface.

6. Monitoring Equipment

East Mine: 1 Drager hand pump gas detector (with associated tubes).

West Mine: 1 battery powered oxygen detector, 1 Drager hand pump gas detector
(with associated tubes).

e Duration of chamber occupancy in time of emergency

The refuge chamber at each mine has a compressed air line and fresh water line
running to it, thus making CO; asphyxiation the limiting factor in the best case scenario.
If these lines are assumed to be broken then the following applies:

East Mine: 35 people for 72 hours (which is the maximum number of people who
will be underground if there is only one working shaft).

West Mine: 35 people for 45 hours.

The East Mine has a defined occupancy in the accepted petition for modification
(which allows the refuge chamber to be treated as a secondary escape-point in the event
that one of the shafts is down and crews are underground making repairs). A check
calculation was run on the East Mine refuge chamber and also on the West Mine refuge
chamber to give occupancy times for equivalent loads. The results can be found below in
table 3. The following assumptions were made for the calculations:

1. Compressed air bottles hold 300ft° of air (with 21% O,) each
2. Sodium Hydroxide absorbs CO; in a 3/4 ratio (Ibs CO»/Ibs LimePak)




3. No more than 80 people will be in the refuge chamber and each person will use an
average of 0.01 cfm of O, and generate 0.0075 cfm of CO..

4. Minimum allowable O, content is 19.5% and maximum allowable CO2 content is
0.5%.

5. Initial O content is 21% and CO; content is 0.03%.

6. The average person needs 0.5 gallons of water per day

7. Food will not be a survival-limiting factor (survival crackers will be sufficient to
sustain life longer than other limiting factors).

Table 3. Occupancy load and durations for Intrepid’s West Mine and East Mine
refuge chambers.

EAST MINE

Hours

Limiting Factor

Depletion

10
15
20
25
30
35
40
45
50
55
60
65
70
75
80

Oxygen assuming

(if gallon/per
compress son/day (if
No. ed air line water line
People |is broken)| CO2 |is broken)

Water

0.5
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Figure 2. View of East Mine réfuge chamber from entrance.

Figu;e 3. East Mine refuge chamber door (and metal bulkhead) from outside.
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Figure 6. West Mine refuge chamber door (and metal bulkhead) from outside.

Figure 7. West Mine refuge chamber door from inside the chamber (headlights of mantrip
visible through open door).




Attachment G

Mount Royale Ventures Refuge Chamber
Map, Summary, and Pictures
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Mount Royale Ventures, LLC
9145 Sunshine Canyon Dr.

Boulder, CO 80302
Telephone: 720 565-3448
Fax: 720 565-3497

August 22, 2007

Mr. Malcolm Webster

Technology Specialist

National Technology Transfer Center
316 Washington Avenue

Wheeling, WV 26003

Dear Mr. Webster,

Mount Royale Ventures, LLC (MRV) operates the Cash and Who Do Mines near
Gold Hill, Colorado under MSHA ID#05-03884. MRV would like to provide the
following response to your inquiry regarding refuge chambers at our operation:

1) The Cash Mine DOES have a refuge chamber. This refuge was constructed in
2005, in compliance with a direct mandate from the MSHA Denver Field Office.
At that time, MRV had one, 345 foot adit, with two, 20 foot cut-outs. MRYV was
directed to install a refuge chamber at that time, far earlier than we would have
liked and at a less than optimum location. At the present time, MRV is operating
on only one level, with approximately 1875 feet of drift. We have approximately
5 stopes above that level, with approximately 350 feet of sublevel drifting. In all,
we operate a very small mine. At no point is a miner greater than 15 minutes
from surface via three (3) separate accesses: the main portal, our short secondary
escapeway at MRV and our main-secondary escapeway. The efficacy of the
existing refuge chamber is questionable, at best. There are better locations
underground for us to have constructed a refuge chamber, and there remains the
question of the need for a refuge at our site.

2) The type and specifications of the refuge chamber within the mine included the
following:

a. (1) Refuge chamber

b. Built-in chamber (small drift size virtually eliminates the possibility of a
portable unit).

c. The chamber is located at 290 feet from the portal of the MRV Adit B
Level of the historic Cash Mine). The reasoning for placement included
the directive from MSHA field office personnel, the availability of space
underground, cost effectiveness of developing in vein versus in waste.
MRV would have preferred to place the refuge further into the mine where
a permanent refuge area would serve multiple purposes and be more
effective.

d. Please see attached 3™ Level Plan, Refuge Detail and photo.




ST

The chamber is a dead-end, 8’ x 8’ drift that has been isolated from the
mine workings by the construction of a concrete block wall at 16 feet from
the face. The block used was 8" x 8” concrete block, filled with poured
concrete as high as possible (within about 1 foot from the back of the
drift). A steel angle/channel frame was installed as the wall was built.
The frame holds a plate steel door (3/8”) with a dead-bolt style closing
device. The door is approximately 6°-6” by 36”. The refuge was designed
to handle the entire underground crew of the mine (6-8 persons)
comfortably seated, standing or reclining.

The chamber houses a mine phone. The phone is a 12 volt, battery
powered pager phone (Gaitronics, Femco, MSA or equivalent).

Supplies within the chamber consist of 10-gallons of fresh water,
extensive first-aid kit, backboard/stretcher, some small hand tools, duct
tape, spray foam (fire rated), brattice cloth, bench and a 5# ABC fire
extinguisher. No food is stored as the chamber is near surface and subject
to pilfering by rodents.

No air or water purifying systems are located in the chamber. Compressed
air is available via the mine’s compressed air system (2 metal pipe from
4” plastic pipe).

No sanitation facilities are located in the chamber. The chamber does
have a drain to the mine ditch.

No monitoring equipment is located in the chamber.

The chamber has never been used. The site has never experienced a mine
emergency.

Please feel free to contact us for further information.

Best Regards,

Matt Collins

General Manager
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Mr. Merrifield,

Mount Royale Ventures, LLC (MRV), the operator of the Cash and Who Do Mines and
the Gold Hill Mill have received the P0O7-04 Program Information Bulletin regarding
CFR30-57.11050. Currently, MRV is in compliance with this regulation; however there
is one issue which MSHA has failed to address.

Specifically, at what distance from surface does an underground mine need to provide a
refuge chamber when a second escapeway is not available? A possible scenario, (which
many operators experience) would be that a drift being developed from surface to access
an orebody would not have a secondary escape available during development. According
to the regulations, as soon as miners crossed from surface to underground, even at a
minimal distance of ten (10) feet, there would be a need for a refuge chamber. This is
extremely impractical. For small drift sizes and small operators, this lack of clarity could
cause extreme consternation and conflict between operators and MSHA.

Following directive from the Rocky Mountain District — Denver Field Office, MRV was
required to install a refuge chamber at a distance of 240 feet from the portal. This met
the requirements of Part 57.11050, but was a hotly contested issue between the Field
Office and MRV due to the lack of distance specification. The Field Office was of the
opinion that a refuge chamber should have been located much closer to surface. For cost
and effectiveness, MRV desired that the refuge be located further underground.

In the Information section of the Bulletin, the last sentence: “This means that mine areas
awaiting the establishment of a second escapeway or areas of exploration or
development must have at least one escapeway and one method of refuge if miners cannot
reach the surface by two separate escapeways” (italics added) does little to address the
scenario which I present here.

One method of determination would be to apply the “30 minute” rule (57.11050.b) (i.e. a
mine would be in compliance without a refuge if and only if the miners could reach the
surface within 30 minutes).

With today’s current high metal prices it is not unreasonable to expect that this issue will
become very common for smaller underground metal mines, especially those
rehabilitating existing mine workings. MRV is aware of several operators facing this
very issue in Colorado.

Thank you for your response.




Mr. Merrifield,
Thank you for your response.

dur answer is appreciated. Ibelieve, how ever, that we (operators) lack explicit
guidance for scenarios similar to that which I presented.

The problem that I see with this information is that we have an ambiguous site-specificity
regarding refuge placement. How should an operator proceed? Is this an engineering or
policy decision? Who at MSHA would determine the adequacy of refuge chamber
placement, and how?

] am certainly not trying to cause or further a dispute. Based on my experience at the
Cash Mine (MRVS operation in Boulder, CO) the input we received when discussing this
with the Field office seemed to be very ambiguous; beyond a verbal instruction that at
about 240 feet underground, during development, we were instructed to install a refuge in
a type VI, non gassy metal mine, with Rock Mass Rating (RMR) and Rock @ality
Designations (RRQ) in the upper 95 (%nd numerical respectively). MRV complied

and constructed a refuge, which exists today, in good faith and with safety at the forefront
of our concern, but even today we continue to have questions regarding the letter of the
law"and the real efficacy of this instruction. Our small operation has less than 2000 feet
of active workings and at no point is a miner beyond fifteen (15) minutes from surface,
(more likely five (5) minutes).

Again, MRV is in full compliance of this statue. I am not trying to revisit this issue at
our operation, merely trying to gain some clarity for other operations which will certainly
face this issue.

To state the remaining underlying question: How should an operator proceed in
determining the location or installation of a refuge, and in what manner will an operator
receive MSHA approval? Would kcape a nd Facuation Plan (CFR30-Part 57.11053)
approval encompass this issue? Again, the “letter of the law” could force an operator to
be in violation of this statute as soon as a portal is established and miners enter under a
brow “a.method of refuge shall be provide ~d while a second opening to the surface is
being developed”. (CFR30-Part 57.11050)

I apologize if it seems that I am beating this issue to death, but absent thorough guidance,
operators face avoidable violations, or worse — the injiry or fatality of miners. I believe
that the importance of issue is amplified for smaller operators.

Thank you for your additional guidance. MRV believes that the safety of our personnel
is the highest of our priorities. We appreciate MSHA’s role in that, and the assistance
which you and your coworkers provide.




From: Merrifield, dal H - MSHA "Werrifield.BalROL.GOV>

Sent: Mar 30, 2007 7:54 AM

Fo: Matt Collins goldhillminesgarthlink.net>

€c: &k-Feirn, Bill (CDR) 'Hill.york-feirn§tate.co.usy
engmineshwtmail.com, SSanderson@dloradomining.org,
goldhillminemangghoo.com, Hooker, Irvin T - MSHA"Hooker.Irvinl20L.GOV>
{lintana, Felix A - MSHA"  @ntana.FelixROL.GOV>

Subgct: REPolicy Information Bulletin PO7-04

>

Mr. Collins:

>

Fhank you for your letter regarding the P07-04 Program Information
Bulletin (PIB) addressing CFR30-57.11050.

>

¥ ask Specifically, at what distance from surface does an underground
mine need to provide a refuge cham ber when a second escapeway is not
available?"

>

Fhe Mine Safety and Health Administ ration (MSHA) believes that at metal
and nonmetal underground mines when th e second opening to the surface is
being developed the placement of the re fuge chamber must be determined
by the circumstances and degree of risk that miners are exposed to. The
diverse mining geologies, mining met hods, and mine development plans for
underground metal and nonmetal mines re quire an assessment of the risks
the miners are exposed to. The de termination of the location for a

refuge chamber is to be based on po tential hazard exposure and providing
the most benefit to miners in the event the refuge chamber is needed.

>

When a second opening to the surface is being developed a method of
refuge must be provided. MSHA realizes that some underground metal and
ronmetal mines may have conditions which safely allow the refuge chamber
to be located as far as 30 minutes from the surface. But the

determination of the location of a required refuge chamber is specific

to a mine and the conditions and circumstances at that mine. While the
second opening is being developed ¢ onditions may required the refuge
area to be less than 30 minutes tr avel from the workplaces; but the

refuge chamber must be located wher e the employee can reach it within 30
minutes.

=

Sincerely,

>

dal Merrifield
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View 2 of chamber interior

View of chamber entry door




View of chamber interior

View of open chamber entry door



View of supply storage
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CHEMICALS

INTEROX, FLUORIDES & MINERALS

July 31, 2007

Malcolm Webster

Technology Specialist

National Technology Transfer Center
316 Washington Avenue

Wheeling, WV 26003

Dear Mr. Webster,

The following information has been prepared by Solvay Chemicals, Inc. in response to
the request of information regarding refuge chambers by the National Technology
Transfer Center. As expressed during previous phone conversations, it is important to
note that Solvay Chemicals does not have established refuge chambers within existing
mining operations per the definition of the Mine Safety and Health Administration.
Solvay Chemicals has established a “Staging Area” within the east portion of the mine as
an added component of the overall mine emergency disaster management system. In
addition, Solvay Chemicals, Inc. maintains two or more separate, properly tained
escapeways which provides employees with a means to the surface within one hour from
his or her place of work.

Specific to your request, the following information is related chrectly to the demgnated
staging area currently located within the mine. The stagmg area is located on the 2 South
Sub Main between 11 and 12 crosscut. The staging area is located within a préwously
mined area. The staging area is located in this area due to being in close proximity of
active mining panels to the southeast and southwest. ‘The staging area is also located
along both a primary and secondary escapeway. The staging area is equipped with the
following equipment and supplies:
e Airlocks which minimize contamination with the normal mine atmosphere in the

event of an emergency

Fully equipped first aid kit

Portable chemical toilet

Potable water

Permissible page phone
: Compressed breathable | oxygen cylmdcrs
" Ten addmonal SCSR’ ' _ R
Foam Packs and curtain malena]s P e
Mmcellaneoushandtoolsand, o oERES e e ikl | K
Chemical lights. R o : -
Soivay Ghemicals, Inc. 55'
400 Gounty Road 85, Green River, Wyorning 82335 -
P.O. Box 1167, Green River, Wyoming 82935

Tel: 307.875.6500 FAX: 307.872.6510 Responsible Care*
www solvaychemicals.us Good Chemisiry af Work




SOLVAY . :-

@ sovar) CHEMICALS

INTEROX, FLUORIDES & MINERALS

Also, the location of the staging area has been marked on the surface in the event it
becomes necessary to drill into the area from the surface during an emergency

In addition to the staging area, Solvay Chemicals has also employed the followi
additional emergency response measures, equipment and supplies.

L.

2
3.

All production panels as well as the shaft bottom are equipped with Automated
External Defibrillator (AED). |

Real time monitoring systems for methane and carbon monoxide. |
Communication systems comprised of dial phones, leeky feeder radios and
permissible paging systems. . |

Solvay Chemicals, Inc. maintains two complete mine rescue teams which
routinely undergo advanced training in the area of mine rescue.

A fully equipped underground ambulance in addition to the first aid s phm
maintained throughout the mine.

Solvay Chemicals, Inc. has also installed SCSR’s (Self-Contained Se Rescuers)

in all active mining panels and along main entries throughout the mine, We are

currently in the process of replacing and upgrading all SCSR’s und und. The
cost of this replacement is $100,000.

In summary, I am hopeful that you find the information provided to you by Solvay
Chemicals beneficial towards your research project. If you should have any
questions, please contact me.

P

Rowdy Heiser
Safety Superintendent

. Solvay Chemicals, Inc.

400 County Road 85, Green River, Wyoming 82935

\
P.O. Box 1167, Green River, Wyoming 82935
Tel: 307.875.6500 FAX: 307.872.6510 |

www.solvaychemicats.us ] Good Chemistry at Work
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Presentation
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Attachment K

DEA Inc. Round Portable Refuge Chamber
Drawing and Pictures
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Front view of round chamber

Side view 2 of round chamber



Side view of round chamber



Attachment L

DEA Inc. 16-Man Portable Refuge Chamber
Drawing and Pictures
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Door view of 16 man chamber

Front view of 16 man chamber



View of 16 man chamber




Attachment M

MineArc Portable Refuge Chamber

Summary Presentation
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Attachment N

Rock Well Petroleum
Portable Refuge Chamber Diagram
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